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Chapter 11: Microbiology II

So. You've seen micro before. But unlike Micro I, which emphasized specific creatures, 
and then the diseases they caused, we're going to focus on disease and the problems 
you'll see in the clinic, and then what to do about them. So we're grouping things more 
clinically this time around, to give you that mental framework of “I have this problem, what 
could be going on?” Okay? Okay. First, a brief...

Intro: Principles of clinical diagnosis of microbes

When we study infectious disease, we look both from the epidemiological and clinical 
standpoints: even if you don't plan on working with public health, it's good to keep in mind 
the epidemiological patterns associated with each infectious disease. 

Clinically, you usually worry about isolating, identifying, and finding a good antimicrobial 
treatment for each pathogen your patient has, so the emphasis falls on rapid diagnostic 
techniques. Most errors occur in the pre-clinical part of the diagnosis: where you've stored 
your reagents, what kind of impurities enter your sample because of your area's 
cleanliness, how you've labelled and communicated and trained in various diagnostic 
techniques, etc. Of course, people also make mistakes while taking the sample. Correct 
staff training will go a long way into preventing all of these errors, and if you have good 
leadership skills (or work with someone who does), you may be able to assist in that 
task. Even if you work in a hospital where techs and nurses manage labs, you need to 
know how to manage samples because as a doctor, you're a leader, and your 
responsibility covers the patient's care. That doesn't mean you have to do everything 
yourself, but you need to know how to do most things so you can help teach and unify your
team to establish a uniform, high-quality standard of diagnosis and care that benefits each 
patient.

The other important skill you need as a clinician, specifically for microbio, is history-
taking. A lot of patients will arrive with the same-ish symptoms—fever, nausea, etc—and 
that's not usually going to tell you so much about the specific pathogen. If you ask the right
questions about where the patient's been, what they've eaten lately, what activities they've 
participated in, and so on, you can narrow down which diagnostic techniques you'll need in
the lab to pinpoint your enemy.  

Some lab terms:

Direct sample: Your pathogen lives in CSF or somewhere sterile like that, and while your 
sterile needle must pass through other barriers to get in there, you should only find your 
pathogen in that space.
Indirect sample: The pathogen is in an area isolated and alone, but it'll pass through or 
contact areas of normal flora on its way out. Urine is a good example of this. 
Nasopharyngeal swabs also fall under this category.
Wet preparations: Direct microscopic examination where you don't use colors, and you 
just look at a droplet of vaginal infections (trichomonas, candida, cardenerella), invasive 
diarrhea (WBCs, shigella, salmonella, enteroinvasive E. coli), UTIs (bacteria and WBCS), 
and other stuff such on a slide. The color doesn't matter: you're looking for the motility and 
form of the organism, not so much a specific identification.
Dark field preparation: When you use india ink as a background, and the organisms look 
bright against that dark background because light reflects off their cell surfaces. You can't 
see internal structures, but you can see motility, and see thin cells like T. pallidum.



Stains: When you color stuff. 
• You should already know about gram stain from last year—it's when you stain with 

crystal violet first, then iodine, then a decolorizer like alcohol or acetone, then 
safranin, and see if the bacteria keeps purple color or not. Crystal violet stains the 
gram positive acidic components, and iodine helps keep it from washing out. You 
wash it out with the decolorizer so the gram negatives can't hold on to color and 
confuse you—everyone has some acidic components, the gram positive just have 
more. The safranin stays in the gram negatives, while the iodine makes a big 
complex with the crystal violet that predominantly stains the gram positives. So in 
the end, gram positives turn blue, and gram negatives red. Remember gram 
negative's red because red is bad and negative like communists. 0_o So offensive. 
= P Decolorization is the most important step, and the only one that isn't timed—you
just keep doing it until you stop having colored run-off—and it's the one that's 
responsible for variation in samples.

• Acid fast stain is for organisms like mycobacteria and nocardia which are hard to 
stain with gram stain. You use carbol fuchsin, wash with acid alcohol, and end 
methylene blue or malachine green. A positive acid fast stain is kind of pinkish. 
FCARD

• Flourescent stains use flourochromes, and you get the organism to absorb short-
wavelength UV light and emit it at a higher visible wavelength. The organisms will 
grow orange or something like that against a black background, and it looks really 
cool.

• Immunoflourescence is when you use a flourescent dye like flourescein and it 
binds to a specific antibody and then lights up.

Cultures: This is the best method to identify infectious agents, as far as sensitivity and 
specificity goes. Basically you grow the organism so you have more of it, and you can see 
the colony and run lots of different tests on it so you know what you're dealing with. 

You use the streak plate method, which means you take your swab and streak it 
across the plate in zig-zags going clockwise, starting at the 6 o'clock position. This 
encourages organisms to separate into distinct colonies, until in the lower right quadrant 
you'll have almost no organisms left. You can also use the pour plating technique, where
you dilute or dissolve the specimen in water and then mix it with warm agar and pour it into
the plate. 

FCARD Generally, most organisms grow in blood agar or trypticase soy. 
Sometimes, you want to grow organisms in specific agar, maybe differentiating them by 
lactose fermentation and so on. MacConkey's Agar and EMB Agar both check for lactose
fermentation, and have different color indicators depending on whether or not the bacteria 
used the sugar and produced acid metabolites that change the agar's pH. Selective 
media are agars that have poisons on them that hurt the bacteria so only some organisms
can grow. Mannitol salt agar helps you catch staph aureas, because only staph aureas 
can grow in that much salt. Thayer Martin is chocolate with hemolysed blood in it, and 
only neisseria can use it. Enriched media, like chocolate agar, is kind of the opposite: it's 
when you make things all nice and pretty and delicious so weak organisms can grow. 

You have a variety of other tests where you add chemicals to your sample and see 
what the sample does (what it's metabolizing) in response: a positive catalase test makes 
bubbles; a positive coagulase test make a fibrin clot; a positive oxidase test makes a 
purple blot. Each of these tests lets you see what enzymes a bacteria's presenting, and 
thereby helps you tell the difference between one kind of bacteria and the other. Catalase 
tells you the difference between staph and strep; coagulase tells you the difference 
between staph aureus and other staph species; oxidase helps you detect neisseria, 
pseudomonas, aeromonas, and moxarella; and urease helps you find urease positive 
species like proteus and campylobacter. You can also use the hydrogen sulfide (H2S) test 



to identify salmonella, and the mannitol fermentation test to tell the difference between 
staph aureus and other staph species. Bile esculin hydrolysis will help you detect Strep 
Gp. D. You also differentiate by whether or not the bacterial colonies lyse blood: something
that's alpha hemolytic will partially clear the blood around the colonies, and turn green; 
something that's beta hemolytic will completely clear blood around the colonies, and 
something that's gamma hemolytic or non-hemolytic won't change the blood medium 
around the colonies at all. So beta starts with a b like blood, and it's the most hemolytic to 
blood. We can run different tests of antimicrobial sensitivity, where you drop different 
poisons on the bacteria to see what kills it—what makes a circle of emptiness where 
there's no bacteria—and that can tell you both what you've got, and what antibacterial you 
might be able to give. You can do several plates with different concentrations of antibiotic, 
and that way you can find the minimum inhibitory antibiotic concentration (MIC)--the 
minimum amount of antibiotic that hurts bacterial growth—and the minimum bacteriodal 
concentration (MBC)--the minimum amount of antibiotic that kills bacteria—and that can be
helpful in knowing what you should give your patient. Strep pneumoniae is particularly 
sensitive to optochin, and strep Gp. A. is particularly sensitive to bacitracin. You can see 
FCARDs of all of these.

Good technique is important, and you have to try to get an adequate specimen. What's 
that mean, that adequate specimen part? Well, take ulcers, for example: you can't just 
swab around the surface, because you may be getting other microbes in the border. IN the
ulcer, deep in its center, you're more sure you'll have the real pathogen. With feces, a good
quantity is better than a swab. With blood, you want between five and thirty mils, and with 
urine you want at least one mil. Your main concern with urine is explaining to the patient 
how to disinfect the area around the urethral opening before they pee, so you keep the 
sample free of contamination. CSF works well with one to five mils, and sputum can 
require as much as twenty mils. With sputum you really have to make sure you're getting 
sputum—the product of a deep cough, that really nasty guckky stuff—and not just saliva, 
which is your watery spit.

You also need to worry about collecting at the right time during the patient's illness. 
Salmonella typhi's best to identify in stools and urine between three to five weeks, for 
example. It's different for each pathogen.

Storage: FCARD
• Urine samples stay refrigerated between four to six degrees celsius until you can 

process them 
• Blood needs to stay at room temperature
• Nasopharyngeal, wounds, stool swabs, you gotta transport at four degrees celsius, 

and at -70 degrees celsius if you're storing or transporting them longer than 48 
hours.

Really, the only way to know how to identify specimens is to practice seeing them and their
test results. Here are some FCARDs of specimens and their identification. The pictures 
come from Dr. Maria del Sanchez from the Ponce School of Medicine and her 08/05/2014 
lecture, and I believe she gathered most of them from the Gorbach Infectious Diseases 
textbook.

You may also want to check out 
who.int/ihr/lyon/surveillance/transport/ihr_13samplecollection_en.ppt 
This is a helpful resource you can use always to help you not mess up samples.



Rheumatic Fever

“Perhaps no disease is more painful than acute polyarthritis. The inability to change the 
posture without agonizing pain, the drenching sweats, the prostration and utter 
helplessness, combine to make it one of the most distressing of the febrile infections.” --Sir
William Osler

This disease comes with inflammatory lesions in the heart, joints, subcutaneous tissues, 
and CNS. When you think of rheumatic fever, you should think of 

• 1) joint swelling (polyarthritis),
• 2) fever,
• 3) Syndenhan chorea two to three weeks after the pharyngitis (St. Vitus dance, 15 

percent of patients, movements disappear when sleeping and emotionally are very 
stressing, attacks last two to four months),

• 4) myocarditis (40-50 percent of patients),
• 5) a rash called erythema marginatum (has a red margin that spreads from its 

center, in about 10 percent of patients, non-painful) and
• 6) subcutaneous nodules (rubbery nodules under the epidermis; 10 percent of 

patients, usually found over the bony prominences or tendons, stay for about one or
two weeks, about 0-2 mm, associated with bad carditis).

The latent period is 2-3 weeks, and most of the attacks begin with the polyarthritis. This is 
the leading cause of cardiovascular death during the first five decades of life in developing 
areas of the world (25-40 percent of all CVD there), and worldwide it kills about 233,000 
people a year. It mostly hits kids between 6-15 years of age, and while it attacks men and 
women the same, the chorea and mitral stenosis are more comment in girls. About 3 
percent of acute rheumatic fever (ARF) cases come after tonsil operations in crowded 
military or college settings, but it's more likely to happen after severe group A strep 
infections in children. In fact, pretty much all cases come after group A streptococcal 
(GAS) upper respiratory tract infections (pharyngitis), so not cutaneous strep infections or 
anything like that (those tend to cause glomerulonephritis instead). 

Group A Strep has on its body an M protein, a Rhamnose-N-acetylglucosamine poly cell 
wall, lipotheichoic acid, a hyaluronic acid capsule, and a serum opacity factor. 
Rheumatogenic strains don't usually make opacity factors. It's gram positive and beta-
hemolytic and bacitracin-sensitive. It makes some extracellular products that promote 
tissue degradation and help the organism spread: streptolysin O and Streptolysin S, 
deoxyribonuclease B (DNAse B), erythrogenic toxins, hyaluronidase, and streptokinase. 
Because these GAS infections usually start with pharyngitis, you can diagnose the 
infection with a throat swab; you could also find the GAS antibody titer in the patient's 
blood.

The M protein is the most important factor for producing rheumatic fever. It can vary in 
different strains of the bacteria, with different epitopes up on the tip, from strains 1 to like 
70 or 80, says Dr. Jove. Antibodies in your heart are similar to the M protein, so when your 
body starts attacking the pharyngitis to get rid of it, it'll start attacking your heart, causing 
myocarditis, heart inflammation, which comes with heart pain and arrhythmias in the first 
three weeks of the attack. When you're listening to a heart affected by pericarditis, you'll 
hear that “friction rub.” Later, as the infection hits the endocardium, you'll hear murmurs. 
That endocarditis usually attacks your mitral valve, and then your aortic valve, but 
sometimes you don't notice the permanent valve damage until many years after the 
myocarditis. The other symptoms of rheumatic fever—arthritis, fever—go away, but the 
heart problems stay. Fortunately, I guess, patients who have worse arthritis tend to have 



less carditis, and vice versa.

While you're treating the first rheumatic fever, you can give penicillin or erythromycin for 
ten days to kill the GAS. At the same time, you can give anti-inflammatory stuff like 
salicylates or maybe corticosteroids to help deal with the crazy inflammation near the 
heart and joints. After you get rid of rheumatic fever it can come back. People who have 
had a number of previous attacks, because this is an antibody-mediated disease, are more
likely to get rheumatic fever again. It sucks especially for women with the chorea, because 
a pure chorea—just chorea—might stay two to four months after the ARF, or even go and 
come back after six months. The polyarthritis and carditis and erythema marginatum 
usually goes away after three months, and the subcutaneous nodules by five. Any time 
patients who've had the rheumatic fever get surgeries, they need amoxicillin, because 
they're more prone now to infection in their heart valves. The rest of the time, you need to 
give your patient prophylactic penicillin for a lot of her life to prevent other GAS 
infections. Patients who are allergic to penicillin can take erythromycin instead. This is 
pretty-much life-long treatment, depending on the case, although you may give amoxicillin 
for only five years after or until they turn 21 if they don't have carditis. You may also need 
to give prophylactic treatments to the household to protect them from the fever. 
(Prophylactic means preventative)

For review of this topic, Dr. Jove recommends Up To Date, and Principals and Practice of 
Infectious Diseases by Mandel.

Sepsis

Dr. Zapata says she sees this daily, and sometimes many times a day. 

Sepsis is any time normally sterile host tissue gets microorganisms in it; bacteremia, 
specifically, is when you've got viable bacteria in your blood. In sepsis, you've got a 
systemic immune response, with high or low temp, higher WBC counts, fast breathing 
rates, fast heart-rates, and eventually your patient might develop septic shock, where her 
BP drops to less than 90 mmHg (or any drop of 40 mmHg from her baseline), even though
she's got enough fluid, and her organs fail. She may have lactic acidosis, oliguria, and 
obtundation (which means she loses full alertness). Sometimes we call septic shock 
endotoxic shock when it comes from endotoxins, but for gram-positive bacteria and fungi 
that don't release endotoxins you'd just say septic shock. Refractory septic shock is 
when you've got sepsis and hypotension that lasts more than an hour. Severe sepsis is 
organ dysfunction in one or more systems like cardiovascular, renal, respiratory, hepatic, 
hemostasis/pH (metabolic acidosis), or CNS. MODS is multiple organ failure. SIRS is the 
generalized systemic inflammatory response syndrome that happens after infection (like 
with sepsis), or in pancreatitis, trauma and tissue injuries, hemorrhagic shock, or immune-
mediated organ injury...SIRS isn't always because of infection, it's just the horrible 
inflammatory response you get in terrible emergencies, but does happen in septic shock. 
In the clinic, we call it SIRS when temp goes above 38 degrees C or 100.4 degrees F, or 
less than 96.8 degrees F, and the heart rate's over 90 beats/min, respiration more than 20 
breaths/minute, WBC above 12,000 cells/microliter. Think of SIRS as like something that 
happens in sepsis, and can also happen in other terrible circumstances.

So what makes an infection turn into sepsis? Like, what happens? Several things. First, it's
different between gram negative and gram positive bacteria. When gram negative bacteria
get in your blood, their lipid A endotoxins in their lipopolysaccharide outer layers (1) scare 
your immune cells like your macrophages and your neutrophils, and (2) also trigger your 



Hageman factor (so two things). When gram positive bacteria get in, you have more of a 
“these guys keep sticking to my endothelial cells” problem, and that also scares your 
macrophages and neutrophils. Gram negative sepsis is more common than gram positive, 
and gram positive is more likely to make pus-forming complications (suppurative) instead 
of metabolic complications and shock (so I guess positive is grosser and less scary).

Either way, macrophages and neutrophils start to release endogenous mediators like TNF-
alpha (tumor necrosis factor). TNF makes endothelial cells and other macrophages 
release a whole bunch of hormones and things, most importantly IL-1 (interleukin 1), which
tells everyone to release more cytokines and prostaglandins, and increases your fever. At 
first, all these things fight the infection, but they also attack your body and make 
vasodilation, hypotension, and organ system dysfunction.

So gram negative sepsis part (2). In gram negative sepsis, that LPS endotoxin we 
mentioned activates the Hageman factor, which starts the complement system and 
activates plasminogen. Specifically, the Hageman factor wakes up the alternative 
complement pathway through C3A. That makes C5A, which acts as a vasodilating 
anaphylotoxin. C3A and C5A both make PMNs (polymorphonucleocytes) come 
release proteolytic enzymes, which hurts your cells and also degrades phospholipid 
membranes. When phospholipid membranes break, you get bits of arachidonic acid 
(which were stored there) everywhere available to turn into leukotrienes and 
prostaglandins. Those both up your inflammation. Leukotrienes means you get more 
chemotaxis, and more PMNs, to further the cycle. Prostaglandins help you have more pain
and more vasodilation and leaky blood vessel walls and that all leads to hypotension. 
Well with all that blood leaking everywhere your microcirculation starts to fail—you're 
not getting oxygen to your cells. Lactic acidosis happens, and cells die and then 
eventually you die. Gram negative bacteria can also cause beta-endorphin release, 
which gives you splanchnic blood pooling, which means decreased cardiac preload, 
decreased cardiac output, hypotension, failure of microcirculation, and so on. 

Finally, you also have a problem of platelet aggregation. Arachidonic acid metabolism 
activates platelet aggregation in your microcirculation, so you get clots in there on top
of your problems with blood flow. In the rest of your circulation, the Hageman factor 
activates a coagulation system, but weirdly enough it also activates plasminogen. 
Plasminogen itself breaks down clots—but also starts your kinin system (which was 
already up-regulated by the alternate complement system). Your kinin system causes you
pain and more wall permeability and vasodilation. It's not a well-understood system, but it 
also plays other roles in inflammation and coagulation. So now in your microcirculation, 
you've got clots going on, while your blood vessels are leaking, and in the rest of your 
body you've got clotting, but then you've also got this non-clotting stuff in some areas, and 
your blood's just in general this big mess that's not getting oxygen to anyone because it's 
leaking out into tissues through leaky blood vessels anyway (gee, thanks kinins and stuff). 
You end up running out of thrombocytes and leukocytes because those things are all 
clotted up or leaked out into your tissues, and you bleed more in the end.

So, in a nutshell, the events:
1. Extracellular bacterial bits or endotoxins awaken the leukocytes and macrophages
2. Angry WBCs release cytokines, TNF-alpha, and IL-1
3. Those things make you release stress hormones like interleukins 2, 6, 9, 10, and so on
4. Inflammation from part 2, plus upped stress hormones from part 3, cause
5. Microcirculation problems, which cause
6. Failure of multiple organ systems.



In a differently-shaped nutshell, the actors:
• Endotoxin-->macrophages-->TNF-alpha and IL-1
• TNF-alpha-->Il-1, Il-6, Il-8, NO, myocardial depressant factor, activate PMNs and 

arachidonic metabolism-->fever (caused by Il-1), more catabolism (break-down of 
things; caused by Il-6), microthrombus formation, up cortisol, up mental status 
changes

• Il-1-->same as TNF-alpha but less chemotaxis and PMNs
• NO-->lowers vascular smooth muscle tone, lowers heart muscle performance--

>hypotension, lower tissue oxygen supply, hypoxemia, also ileus and abdominal 
distension (because NO GI effects)

• Arachidonic metabolism-->prostaglandins (-->thromboxanes) and leukotrienes
• Prostaglandins-->

◦ PGI2, PGE1-->vasodilation blood vessels
◦ -->bronchiole vasoconstriction
◦ -->anti-platelet aggregation, more capillary permeability

-->hypotension, pulmonary shunting (blood gets to the alveoli, but because the airway 
resistance is so high it doesn't matter, no air gets into that blood), arterial hypoxemia, 
edema, ouch

• Thromboxanes-->(remember these come from prostaglandins)
◦ -->Stickier platelets and PMNs; weird because actually suppress helper T-cell 

function in overly high levels, so basically up uncontrolled inflammation and 
down controlled inflammation

◦ -->vasoconstrict large/regional blood vessels, so forcing more blood away from 
the affected region, BUT enhance capillary permeability so all the blood is just 
flowing out of circulation-->regional hypoperfusion and edema

◦ -->up airway resistance;-->wheezing; pulmonary shunting-->acute respiratory 
distress syndrome (ARDS)

I have also made some FCARDs to make it easy to think about who does what in septic 
shock.

Up to 40 percent of septic shock patients die even with the best care you can give, and 
every time another organ fails that mortality rate goes up. Each organ system takes a 
different hit. 

• Brain: Altered consciousness, confusion, psychosis
• Heart: Tachycardia, myocyte damage
• Lungs: Tachypnea (fast breathing, in this case because of respiratory alkalosis), 

pressure of oxygen in the arterioles (PaO) goes below 70 mmHg and saturation of 
oxygen in the arterioles (SaO) drops below 90 percent, alveolar capillary 
permeability goes up (which means possible liquid in lungs?), ARDS in 40 percent 
of people (which means raised mortality, since they can't breathe!)

• Kidney: Oliguria (lots of peeing) or anuria (no peeing), either way you're having 
problems because your tubes are necrosing because of hypotension, inflammation, 
volume depletion, antibiotics given to try to save you, and so on, so as your kidneys
fail your creatinine levels go up. Really have to think about those nasty antibiotics, 
but as Dr. Zapata says, “I prefer a patient on dialysis than dead.” 

• Liver: Jaundice, liver enzymes increase, albumin goes down, in general you get 
hypoglycemia as gluconeogenesis goes down, and as you run out of hepatic 
glycogen stores. Both infection and loss of blood flow compromise liver function, 
and that's why you fail at gluconeogenesis and glycogen storage. You accumulate 



toxins because the liver's failing, and as a result you can get hepatic 
encephalopathy, where toxins go in your brain because the liver's failing and you 
get confused, and eventually go into a coma.

• Vascular: Neutropenia (all the neutrophils are out in tissue fighting, if you see this 
there's an increased mortality); thrombocytopenia (not enough thrombocytes for 
clotting), Platelets decrease, clotting time increases (PT/APTT), protein C goes 
down, D-dimer goes up, your platelets and clotting factors get eaten up fast to be 
used for inflammation stuff (thanks, plasminogen = /), hemolytic anemia (if you're 
infected by clostridium or mycoplasma bacteria), leukocytosis (more leukocytes in 
the blood than normal, although in the end you may drop your leukocyte count as 
you fail at fighting the infection).
◦ Here you should know about warm versus cold shock. Warm shock goes into 

cold shock in like three hours. Warm shock is in the beginning, where you're 
heart's working all hard, and so cardiac output is up, and systemic vascular 
resistance is down. Your C3A, and Kinins, and anaphylotoxins, and histamine, 
and prostaglandins, and endorphins are all up, and with all that inflammation 
your heart's working hard to try to deal with inadequate O2 consumption. Your 
patient's vasodilated, and that's why it's called warm shock—you feel all his 
warm blood in his extremities. As his body starts to wear out, cardiac output 
goes down because stroke volume goes down (heart is getting tired, and 
preload is down because all your blood is hanging out in your tissues), and that 
makes the patient vasoconstrict to try to get blood back to the organs (so 
systemic vascular resistance is up). The blood isn't getting circulated, so the 
patient will be cold to touch. That's cold shock. The patient's catecholamines 
are up now (like epinephrine, norepinephrine, dopamine, everything is freaking 
out to try to save the patient).

• Skin: Erythroderma (erythema, or redness, combined with scaling that's all over the 
body) from erythrogenic toxin, echymosis (bruises, but they're not caused by 
trauma, they're just blood in your subcutaneous tissue), pethechia (a little round flat 
pinpoint spot that's a hemorrhage under your skin, so like the pt will have these dots
of bleeding in his skin under his epidermis), cellulitis (infection in the skin itself, with 
bacteria and inflammation present)

So treatment. Treatment is kill the bug causing infection. One approach is to start broad 
spectrum antibiotics as soon as possible and then narrow down. Dopamine and 
norepinephrine help keep BP up, and intubation and mechanical ventilation helps keep 
oxygen. 

It is best if you can select an accurate antibiotic as soon as possible, though. Some 
conditions are clues to different culprits.

• Patients who've had a traumatic or functional splenectomy: you worry specifically 
about sepsis from strep pneumoniae, hemophilus influenzae, neisseria meningitidis,

• Patients with neutropenia, look for gram negatives like pseudomonas aeruginosa 
and gram positives like staph aureus and fungi because of candida species 

• Patients with hypogammaglobulinemia: worry about streptococcus pneumoniae or 
E. coli

• Burn patients you have to worry about staph aureus (meth resistant) and 
pseudomonas aeruginosa, and resistant gram-negatives

• In AIDS patients you have to worry about pseudomonas aeruginosa (if they're 
neutropenic), staph aureus, pneumocystic carinni (pneumonia)

• With intravascular devices you have to worry about staph aureus, staph epidermidis
• With nosocomial infections worry about meth resistant staph aureus, enterococcus 



species, resistant gram-negatives, and candida

So, picking your antibiotic. For UTI-type community-acquired infections, Dr. Zapata prefers
to use 3rd generation cephalosporins, quinolone, and broad spectrum penicillin. You have 
to be careful of the kidney for quinolone and other ones like that, because obviously you 
don't want to help the kidney fail. Other options include metronidazole and 
aminoglycosides. For nosocomial infections you might give 3rd or 4th generation 
cephalosporin and an aminoglycoside, or Imipenem and an aminoglycoside. You want to 
kill the creatures, but you want to give the lowest possible tier antibiotic for each infection, 
because you don't want it to become resistant to your tough stuff. You'd rather kill out most
of it with a weak thing, find out it's resistant to that weak thing, and then wipe it out with 
something tougher. That's the strategy Dr. Zapata suggested, anyway. You change your 
antibiotic choice based on how well the antibiotic can get into the infected site, whether or 
not it'll kill their kidneys and liver or if they have a seizure disorder, the organism, and the 
allergies state of the patient.

So you're also going to deal with symptoms. After volume replacement and hemodynamic 
monitoring, you might give hormone doses of dopamine and norepinephrine. You only 
transfuse blood if the patient is symptomatic and has hemoglobin less than 8 g/dL. If you 
have to assist the patient with feeding, it's better to feed him through his gut than 
parenterally if you can (so like a feeding tube is better than an IV). You really really really 
want to be careful against complicating things more with an additional nosocomial 
infection. Try to keep the patient from stress, which sounds ridiculous, but yeah, try.

People have tried giving monoclonal antibodies against TNF, IL1, and endotoxin, or using 
ibuprofen and steroids have been used, or NO antagonists but these alternative strategies 
haven't worked yet. People are also looking at anti-inflammatory cytokines and activated 
protein C, to try to inhibit thrombin-mediated inflammation and keep leukocytes from 
attaching to endothelium. This might be able to drive down the coagulation disorganization
and inflammation. People are also looking at bradykinin receptor antagonists as a 
possibility.

So yeah. Sepsis is depressing. Moving on.

Pericarditis and Myocarditis

For this section, my professor had us read the 2004 New England Journal of Medicine's 
Clinical Practice recommendations named “Pericarditis,” by Dr. Richard A. Lange and Dr. 
L. Davis Hillis, and the 2009 review article “Myocarditis,” also in the NEJM, by Dr. Leslie T. 
Cooper, Jr.

Yay! Let's start with pericarditis.
Cause: In 9/10 patients, viral or unknown. Otherwise, it can happen after an MI that 
crosses the heart's wall (transmural), or happen when blood from a dissecting aortic 
aneurysm leaks into the pericardial space, or because of cancer or chest irradiation, or 
after surgery or because of an inflammatory or autoimmune disorder.

What you'd see in the patient: In the history, the PT will tell you they've got sudden pain 
that gets worse when they breathe, behind the sternum. Pain's worse when she's lying 
down (supine) and better when she sits up and leans forward, and like a heart attack, the 
pain radiates to the neck, arms, or left shoulder. In the physical, you'll hear an audible 
pericardial friction rub (FCARD: ICS: heart, sounds). It's easy to confuse a pericardial 



friction rub with a pleural rub, but a pleural rub stops when you stop breathing. 

About 60 percent of patients with pus in their pericarditis (so, bacteria), or tuberculosis, or 
neoplasms causing their pericarditis—and about fifteen percent of the patients with 
idiopathic (unknown causes) pericarditis—get cardiac tamponade. That's when the bunch 
of fluid in the pericarditis becomes so high-pressure it's equally or more high pressure than
the bp in the right heart. That means it's pushing in on the right heart, so you can't fill very 
well, and when you spurt blood out, and the heart's empty and would like to fill again 
(diastole), that high pressure collapses the right atrium and ventricle. 

Pts with a temp more than 38 d.Celsius probably have bacterial infection, and if they've got
a fever you should to echocardiography and maybe get some pericardial fluid so you can 
check for what kind of bacteria it is. You might also do pericardiocentesis (checking the 
fluid) if the pt has tamponade, but not in most other pts. 

Your EKG will show widespread ST-segment elevation. If you haven't gotten a chance, you
should check the page ekginterpretation.com/library/acute-pericarditis for a picture. In the 
first stage you'll see ST-segment elevations everywhere, and PR segments becoming 
really tiny, and then eventually t-waves will start inverting. 

If you take a chest radiography, you'll see a really big heart. 

If you take a white-cell blood count and find it's really really high that might mean bacteria. 

About half of pts with pericarditis have high plasma troponin, probably because of 
epicardial inflammation.

Differential diagnosis: MI, and pulmonary embolism. Look for pain going towards the 
trapezius muscles: the phrenic nerve innervates the traps and the pericardium, so if the 
pain's in the traps it might be pericarditis and not MI. The pain in an MI will be there in 
minutes to hours, while in pericarditis it'll be there for hours to days, and the pain won't get 
better with nitroglycerin in pericarditis. Another difference is that the ST-segment 
elevations in pericarditis affect multiple leads (instead of just one area of the heart), and 
the changes evolve slowly, and the MI ST elevation doesn't bulge downward, while in 
pericarditis it might.1 In other words, the MI ST elevations are more convex, while the 
pericarditis ST elevations are concave. Also in MI the PR segment depression doesn't 
happen much, and it's common to have atrioventricular blocks or ventricular arrhythmias. 
When the ratio of ST-segment elevation to T-wave height in lead V6 is more than 0.24, it's 
almost always acute pericarditis. The friction rub you hear is probably the best way to hear
the difference between MI and pericarditis: in MI you might hear an S3 sound instead.

With a pulmonary embolism the chest pain will disappear if the patient's not breathing, and
it won't get better with position change, and it'll radiate to the shoulder, not to the trapezius 
ridge and jaw and neck and arms and shoulder. In the EKG of pulmonary embolism, the 
ST-segment elevation is only in leads III, aVF, and V1, and there's no PR-segment 
depression, and there might be some Q waves and the T-waves invert in leads II, aVF, or 
V1-V4 while the ST segments are still elevated. In pericarditis, T-waves only invert after 
the ST segments have gone back to normal.

Treatment: Basically you deal with the thing that's causing the pericarditis to make it go 
away. So if it's tuberculosis (which causes 4 percent of tbs), you give them antituberculous 

1 Ekginterpretation.com Pretty helpful site, you can check it out as reference!



therapy and prednisone. If it's other bacteria, you give antibiotics and drain the pericardial 
fluid to get rid of it. If it's an aortic dissection, which is pretty much never the cause, you 
give urgent surgery. If it's autoinflammatory disease, you give aspirin, NSAIDs, and 
glucocorticoids. If it's a neoplasm, you have to “instill” the glucocorticoids into the 
intrapericardial area.

So a lot of times with idiopathic pericarditis you give aspirin and NSAIDs to deal with the 
pain, but that's not going to prevent tamponade, constriction, or the pericarditis from 
coming back, so colchicine's got some attention. The paper I'm reading in NEJM cites a 
study where only 14 percent of pts treated with colchicine had recurrent pericarditis (51 pt 
study with 1004 months of follow-up) but says there aren't randomized trials out there to 
test colchicine. Glucocorticoids also help make pericarditis go away for good, and 
sometimes high dose prednisone therapy (1-1.5 mg/kg body weight) for four weeks helps 
with a pericarditis that doesn't seem to go away, although some people think prednisone 
makes it more likely for your pericarditis to come back. Also, glucocorticoids make 
pericardial injury worse if it's a viral pericarditis, so keep glucocorticoid treatment and 
prednisone to pt with really bad pericarditis that won't respond to anything else or pts with 
connective tissue diseases. 

If the Pt has a temp over 38 degrees, an immunosupressed state, trauma, history of oral 
anticoagulants, myopericarditis, and tamponade he's in trouble and might need to be 
hospitalized.

There's more information on pericarditis in pathophys pg. FIXAL. This info here is what my 
micro teacher offered us; I think ironically you might find more microbiology in the 
pathophys section.

Okay! Myocarditis time! This time, why don't you stay in the pathophys section pg. FIXAL 
for a little bit? Then come back here and I'll fill in anything else we need with info from the 
NEJM Myocarditis review article by Leslie T. Cooper, Jr., MD, in the 2009:360 issue.

Your PT with myocarditis can have symptoms ranging from mild dyspnea and chest pain 
(that resolves without specific treatment) to cardiogenic shock. The Dallas diagnostic 
criteria defines myocarditis as having inflammatory cellular infiltrate, with or without 
myocyte necrosis, but that requires a biopsy and as we've seen from Cecil interpretation 
can make biopsy results vary. Sometimes we use surface antigens like anti-CD3, 4, 20, 
and 68, and anti-human leukocyte antigen, or immunoperoxidase staining, to identify 
myocarditis. An abnormal MRI can also find myocarditis, but you can do a biopsy if you 
think you'll find something useful (like giant cell or something) that's very specifically 
treatable.

“Fulminant” lymphocytic myocarditis means the myocarditis has a very obvious onset, and 
has hemodynamic problems, and you can tell the difference between that an acute 
lymphocytic myocarditis because the acute one doesn't have hemodynamic compromise 
or a distinct onset but kills you faster. (Fulminant means rapid and violent) Both of these 
will show up with heart failure, with normal-sized or dilated left ventricles, and an onset of 
about two weeks: just one comes on more violent. The more violent one actually has 
better prognosis, and the acute one requires inotropic meds or mechanical circulatory 
help, and you might give corticosteroids or intravenous immunoglobulins in kids. If the pt 
suddenly has something like an MI, but normal coronary arteries, then you may have a 
lymphocytic myocarditis like these, and if you can see that on the biopsy you give 
supportive treatment and the pt will probably turn out okay. It's actually interesting because



the longer the onset the worse the prognosis, because usually by the time the pt comes in 
they've already got heart failure. Slow and sneaky is worse than fast and aggressive in 
some of these cases. Both of those kinds of myocarditis are really rare—lymphocytic 
myocarditis isn't as common as viral ones—but point is you can use clinical stuff like that 
to tell the difference between different kinds of myocarditis. 

Your pt will often be tired, unable to exercise, have palpitations, and have syncope 
(fainting) or chest pain because of pericarditis or a coronary-artery spasm. Most patients 
have dyspnea, about a third might have chest pain, and maybe a fifth will come in with 
arrythmias. Your patients will have a slight tendency to be male, and children tend to have 
a more obvious onset of symptoms.

If your PT has a rash, fever, eosinophils in their peripheral tissues, or recent medications 
or many medications they might have hypersensitivity myocarditis. You will need to look at 
their medications, and maybe give them corticosteroids. This has a really bad prognosis.

If your pt has dilated cardiomyopathy with thymoma, autoimmune disorders, ventricular 
tachycardia, or high-grade heart block, and they don't respond to care within a week or 
two, they might have Giant-cell myocarditis. This has an onset of a few weeks to a few 
months, and you might need to do a biopsy, and if you find giant-cell myocarditis on the 
biopsy they may need a cardiac transplant.

If your pt has chronic heart failure, dilated cardiomyopathy, second-degree or third-degree 
heart block, new ventricular arrhythmias, and doesn't respond to standard care, they might
have cardiac sarcoidosis or some other unusual immune thing. Sarcoidosis is when a 
whole bunch of little inflammatory cells collect in multiple organs after an antigen. The 
patient is going to be more likely to need a pacemaker or implantable defibrillator then, and
you will have to do a biopsy to confirm, and give them corticosteroids.

Viral myocarditis might have an onset of up to several months, and you'll see a dilated left 
ventricle often without new arrhythmia or high-degree heart block. The different viruses 
causing myocarditis tends to shift; it was coxsackievirus B from the 50s to the 90s, then 
adenovirus in the late 90s, and then recently to more parvovirus B12 and others in US and
Germany. Hep C causes it in Japan and US, and Epstein-Barr, cytomegalovirus, and 
human herpes virus 6 also sometimes cause it.

Patients who've got atrioventricular conduction weirdness, and who've travelled to tick-
places and places with lyme disease might have myocarditis caused by borrelia 
burgdorferi, and they might also have ehrlichia or babesia infections at the same time.

Patients in rural Central/South America with right bundle-branch block/left anterior 
fascicular block, maybe left ventricular apical aneurysm, regional wall-motion weirdness, 
and then resulting acute myocarditis or chronic cardiomyopathy might have an infection 
from trypanosoma cruzi. If they have wall problems and cardiac perfusion problems but no 
coronary artery problems they might have cardiac sarcoidosis.

Most common cardiac 
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Endocarditis

This is when you've got thrombosis, and inflammation attacks the endothelial surfaces of 
your endocardial heart, specifically on your heart valves. We classify the infections by how 
long they're around, and by gram state, heart side, setting, and valve type.

The mitral valve is the most popular valve for bacteria to hurt. After that, you've got the 
aortic valve, then the mitral and the aortic valve together, then the tricuspid, and then very 
rarely do bacteria infect the pulmonary valve. 

In a lot of endocarditis cases you'll find other underlying diseases encouraging the 
inflammation, or making your pt pre-disposed. The most common will be rheumatic heart 
disease, then congenital heart disease, degenerative disease, mitral valve prolapse with 
regurgitation, prosthetic valves, and previous cardiac surgery. 

• In the US, rheumatic heart disease only hits less than ten percent of the population, 
but in other less privileged areas you've got rheumatic fever up to 50 percent in your
endocarditis patients. 

• Congenital heart disease hits another chunk of your endocarditis population: these 
are folks with ventricular septal defect, bicuspid aortic valves, tetralogy of Fallot, 
pulmonary stenosis, and coarctation of the aorta. 

• Degenerative valve problems tend to happen to folks after sixty years old, and 
they'll often have a calcified mitral annulus or post-MI thrombi, and that's what 
makes them susceptible to endocarditis. (These are sometimes people who 
survived rheumatic or congenital heart problems or valve surgeries, and now are 
old.) 

• Mitral valve prolapse patients with mitral regurgitation have a ten to one hundred 
fold increased risk for infective endocarditis. MVP hits 2-3 percent of the general 
population. 

• Prosthetic valve endocarditis usually comes from either staph aureus, or gram 
negatives and diptheroids, and it's usually right-sided infection. This kind of infection
is way more aggressive, with a mortality of twenty to forty-percent. 

You should take special care when dealing with procedures for all these kinds of patients, 
to give them preventative antibiotics.

How does the disease work? In general, across the board, endocarditis starts because 
you've got a high pressure gradient and an altered valve surface, and you get thrombi on 
your endocardium. They are mostly fibrin and platelets trying to protect your endocardium. 
Then, you get a mild or transient bacteremia from bacteria somewhere else in your body. 
Then, that bacteria gets to your heart and interacts with the thrombi on your endocardium. 
Then you get an inflammatory response, with lots of immune complexes, and maybe RF 
and ANA factors, but low WBCs. Low WBCs? Well phagocytes apparently can't penetrate 
this endothelium or maybe the blood flow in this area's just too fast for leukocytes to roll 
and hang on, but either way the bacteria really love that there aren't a lot of phagocytes 
around to eat them up while they're colonizing the area. Gram positive bacteria use 
adhesins and their thick peptidoglycans to help them hang on. Over time, as they grow into
“vegetations,” they block conduction (because, uh, they don't conduct electricity!) and that 
can cause arrhythmias. They also eat up your chordae tendinae, muscles, leaflets, and so 
on, and make abscesses that eventually lead to myocarditis and pericarditis, too. After 
about six weeks, circulating antibodies begin to cause more damage to the heart valves.  
Eventually of course the heart can't take the load and you get infarction as some parts of 
the heart can't get blood flow because parts upstream of them have been eaten. 



What happens if the disease spreads? The endocarditis can eventually also infect the 
kidneys, spleen, and the CNS with infarction, emboli, abscesses, causing hemorrhage in 
the brain and in glomerulonephritis in the kidneys. You can also get infarcts in your lungs, if
you've got right-sided endocarditis, and if the infection travels to your lungs you might get 
emphysema, abscesses, emboli, and pneumonia in there. Years and years ago, you 
couldn't diagnose endocarditis, or you only saw the endocarditis when it got to a super, 
super-late stage and it was too late. In the super, super-late stage, you might see these 
hemorrhages or clots under the patient's palms-skin, or fingernails. Under their fingernails 
it looks like nasty blackness is eating away wood, and those are splinter hemorrhages. 
Janeway lesions are when it's in your palms. Osler nodes are when it's a big lump of 
immune complex, like in your fingertip, and you can palpate it and it's really painful. You 
might also get Roth Spots in their eye, where when you look with your little scope at the 
back of their eye where it's supposed to be clear, you'll see these red-ringed spots. Or you 
might see petechiae in their eyelid, which is red spots that look like emboli. All of this is 
immune-complexes or bacterial emboli falling loose and floating into the rest of your body.

The most common critters that cause endocarditis are, in order of common-ness: 
staph aureus, then strep viridans, then gram negative, then enterococcus (only 5-10 
percent, group D strep), then fungi, then staph epidermidis, and then others like 
corynebacterium. 

In hospitals, the vast majority (like 80 percent) of the nosocomial endocarditis cases 
come from staph aureus, and then enterococcus comes next, then fungus and weird 
others like corynebacterium with all the other bacteria falling in line after them. Nosocomial
endocarditis will often come in through central venous catheters, implantable defibrillators, 
or pacemakers. Folks in chronic hemodialysis are at the biggest risk for nosocomial 
endocarditis infections.

Staph aureus infections are super-aggressive, and in addition to being the biggest cause 
of any endocarditis, they're the most common cause in intravenous drug users. If you use 
drugs, you might get a right-sided staph aureus infection in your tricuspid, and you might 
get pneumonia. Clinical Microbiology Made Ridiculously Simple says staph gets the gold 
(aureus) metal for how fast it eats your heart valves. Good way to remember it. Staph 
causes more acute infection, while strep viridans and some others tend to cause more 
sub-acute infections, and Staph patients will come in with abrupt shaking chills, high 
spiking fevers up to like 105 degrees F, muscle pain, and really fast valve destruction, and 
the vegetation they make will be clusters. If the vegetations break loose, they can get up 
into your brain and cause embolisms (if it's from the left heart) or they can get into your 
lungs (if it's the right heart valve). This is such a nasty bug that it'll attack even people with 
no history of valve disease, and these patients might not even have a murmur! It likes to 
get in through central venous catheters. Nafcillin is the drug you use for S. aureus 
endocarditis.

If you get endocarditis following a dental procedure, it's probably Viridans Group 
Streptococci! Like Strep salivarius, S. sanguis, S. mitis, S. intermedius, and S. mutans. 
They usually only implant on an already-defective heart valve. They cause 
immunologically-mediated infections when they stick to fibrin on your heart-valves with 
dextran. Only injured endothelium has fibrin on it, so that's why they usually only hit a 
defective heart valve. It's kind of annoying, when you think about it, because if you get hit 
with strep pyogenes and get rheumatic fever, and get those fibrin deposits, and then get 
better from it, and then you get dental work done—well, pyogenes pretty much paved the 
way for strep viridans now. That sucks, bro. They're like tag-teaming you. You'll recognize 



viridans 'cuz it's optochin resistant and alpha-hemolytic. It sends your pt in with low-grade 
fevers, anemia, heart murmurs, and anemia. Its vegetations look like strips in the biopsy. 

Both staph and strep viridans can cause “mycotic aneurysms,” so-called because they 
look like fungal-caused aneurysms—but they're actually bacterial. It's really rare, but it 
happens when your endocarditis thrombi break loose. You know, how you had that 
thrombus and vegetation that bacteria was growing on? If that breaks loose and starts to 
colonize in some vessel, and then the vessel wall ruptures, that's a mycotic aneurysm. 
These tend to be silent until they rupture.

There's a special group of strep viridans called S. intermedius (it also has the s. 
constellatus and s. anginosus in this group), and they hate oxygen and live in abscesses in
your brain or GI tract. They can sometimes cause endocarditis from these abscesses. 
Think abscesses, S. intermedius.

Group D, enterococcus strep, cause a subacute infection, and come from a urinary tract 
or GI tract infection or procedure. So if you've got a PT who had a UTI first, or maybe had 
a GI surgery or colonoscopy, and then got endocarditis, it might be this guy. 
Nonenterococcal group D (bovis) strep are most likely to cause endocarditis along with 
colon cancer or some other chronic GI pathology. So if your Pt actually has colon cancer, it
might be this guy. See the difference? One is more from procedures related to normal 
colonization of GI/U tracts, and one comes with disease.

Group B (agalactiae) are most likely to cause acute strep endocarditis in folks who are 
pregnant or have diabetes.

Gram-negative bacteria break into two groups: pseudomonas aeruginosa, and everyone 
else. Pseudomonas aeruginosa might come from the water, and they're super-
aggressive. When drug users inject themselves with a solution mixed with dirty water, they 
might get this. P. aeruginosa is super-aggressive because it's complement-resistant. It's 
also apparently harder to treat with antimicrobials, and you're going to have to get surgery 
if you're infected with this, probs. Sucks! You can remember the other gram-negative 
organisms that cause endocarditis with HACEK: haemophilus aphrophilus, actinobacillus 
actinomycetecomitans, cardiobacterium hominis, eikenella corrodens, kingella kingae. 
These, unlike pseudomonas, cause more of a slow, insidious disease, with low-grade 
fever, and eventually large emboli and cardiac insufficiency.

Finally, it's uncommon, but legionella pneumophila, coxiella burnetii, and chlamydia 
pneumoniae are other bacteria that can cause endocarditis.

Fungal endocarditis is usually subucute and caused by candida albicans. You can also 
get C. tropicalis and C. parapsilosis in intravenous drug-users, and you can get aspergillus
species infections in nosocomial infections. 

Obviously, you want to diagnose this as soon as you can. Strep endocarditis starts 
giving symptoms in about two weeks, but it usually takes five weeks from the symptoms 
onset for you to make a diagnosis. That's kind of a long time. But it's hard to diagnose! 
Some dude name Duke made some major criteria to help us all out. If 

• they've got a positive blood culture with one of the typical microorganisms I 
mentioned above, 

• or that blood culture stays positive twelve hours later with a non-typical 
microorganism, 



• or I've got three positive blood cultures, with the first and last one hour apart 
• And I've got an echocardiogram that shows endocardial abnormality or new valvular

regurgitation they didn't have before,
my patient probably has endocarditis. Each culture should be about ten cc of blood, and 
the patient might not like that, but I want to make sure. If my patient comes in with a fever 
that's lasted one or two weeks despite antibiotics, or an audible heart murmur that's 
changing or new, I could ask for these blood cultures. If I'm really unlucky, and my patient 
doesn't come in until they've got cardiac heart failure, pericarditis, or myocarditis, or those 
peripheral symptoms we talked about, well. That sucks. But I'll run my tests and probably 
know what I'm dealing with, at least. Some of the minor Duke diagnostic criteria include:

• being an intravenous drug-user or having those other predisposing diseases
• a fever over 38 degrees C
• any kind of weird positive blood culture, even if they don't meet the criteria 

mentioned above
• any kind of vascular or immunological weirdness
• any other evidence of active infection with a typical organism 

To make the diagnosis, I need either five minor criteria met, or one major and three minor, 
or two major criteria. Sometimes you won't find endocarditis in your blood cultures 
because the organisms are hard to grow, they're fungi, or you've had antibiotics in this 
patient before, or it's an endocarditis without infection (pure inflammation). So then you 
have to look at some other techniques.

In my labs, I also might expect anemia, thrombocytopenia, leukocytosis, an increased 
erythrocyte sedimentation rate (ESR), hypocomplementemia, rheumatoid factor, or 
immune complexes. Those thrombocytes and complement things are low in the blood 
because they're all hanging out in the heart! 

In my trans-thoracic echocardiogram, I would find vegetation that's 5 mm or bigger, but 
unfortunately it won't find anything perivalvular, and it'll give false negatives if my pt has 
deformities, COPD, or obesity. The echocardiogram is kind of like a sonogram, and it goes 
“across” your thorax (transthoracic), so why deformities and obesity would block the sound
waves that I need to find things. It's also bad at finding problems in the rear of the heart, so
more towards the mitral valve and the descending aorta, or with any prosthetic valve 
involved (only 20 percent sensitivity), again because things are in the way. 
Transesophageal echocardiography is better. You can do one if your transthoracic 
endocardiogram came back negative. You put a tube into the esophagus and then you're 
way closer to the heart, and you can find vegetation as small as one mm, even perivalvular
vegetation, with a sensitivity over 90 percent. I should make sure to have my echo in 2D 
instead of in M-mode.

When you're treating your patient, you will first take blood cultures and give the 
antibiotics that match that culture. Don't give antibiotics first! Treatment takes about four to 
six weeks, and then you need to follow up with blood cultures, and if you start with the 
wrong antibiotic you have to start all over and your patient will be really pissed off! 
Vancomycin is used for strep/staph/gram positive endocarditis if your pt is penicillin-
allergic. You have to do surgery if you can't get rid of the bacteria; in most cases of 
prosthetic valve endocarditis; if the patient goes into heart failure; if they've got more than 
one serious systemic embolic episode; if the echocardiogram shows that their valve is no 
longer working at all; or if you've got fungi or P. aeruginosa and antimicrobials aren't doing 
much. A PT with a prosthetic valve—who probably has right-sided infective endocarditis, 
because of which valve is usually replaced—will probably need their valve removed and 
replaced.



For prevention, high risk patients should stay on antibiotic prophylaxis (prophylaxis 
means prevention, by the way, so I guess this sentence is redundant). That's patients with 
un-repaired congenital heart defects, congenital heart defects that got repaired less than 
six months ago, heart transplants, prosthetic valves, or prior endocarditis. And, of course, 
any time you're doing surgery in the mouth, messing with their gingival or periapical tissue,
or perforating their mouth mucosa, prophylaxis will prevent that nasty Viridans. You don't 
have to give antibiotic prophylaxis if you're doing a skin or musculoskeletal procedure 
unless you know they have an infection there where you're working.

Fevers and Rashes
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When you don't know where a fever comes from

There's a really annoying term in medicine, a fever of unknown origins (FUO). It's one of 
the most complex conditions in medicine, and it's not just your doctor writing off a fever 
because he doesn't know what it's caused by. In this case the physical exam, says Dr. 
Martinez, will take you a little closer to the cause and the management of the patient than 
the history.

The only “symptom” that marks FUO is—you guessed it—fever. 

Antipsychotics-->hyperthermia malignant 
Medicines thattake the calcium from the sarcoplasm
Historial is important, antipsychotics or anisthetics 
Temepratures go up to 40 41 etc and you can start getting denaturation of proteins
Neuroleptics you can see changes like that 

interleukin 1, tnf alpha, interferon gamma, interleukin 6, exogenous and endogenous 
pathway 
Fever causes are immunological, not infectious 

Dr. Martinez treated patients with algae infection, guy went swimming with open dialysis 
catheter or something open into his belly and basically gave himself sea-water dialysis and
got peritinitis and almost died. Dr. Martinez says and afterwards he almost kileld him!

“Do you feel the fever?”
“No”
“How do you know you've got it”
“People tell me”
And that could be drug-related 

Fever vs. hyperthermia 
In the case of fever induced by inflammatory stuff you probably won't die unless you're a 
little child and you've got an inefficient CNS that responds violently to changes of 
temperature (like with convulsions). Grown-ups don't convulse to fevers unless they have 
hyperthermia or a past history.

Whether or not you suprima el fever depends on whether or not the fever's an error from 
the body, or whether you want to use it to help fight the infection or whatever. If you don't 



know where the fever comes from, you maybe want to watch it and use it to decide what to
do. Sometimes you don't want resetting because then the patient has to make more 
energy to do the reset?

I should go ask Dr. Martinez some questions—checklist in his head for what to do, what 
questions to ask, when a pt comes in with FUO?

Higher than 38.3 (101) is the majority of population has a physiological response that re-
sets the CNS temperature and that's where the majority of people have FUO
Illness longer than 3 weeks, 1 week of in-hospital evaluation without finding cause

Hospital might kick pt out in two days, the two days is to make sure they're not going to die
in the short term, they want you to find something or give up in two days on average 
because of cost

Nosocomial FUO, neutropenic FUO (this is the worst, most important, below 500 is bad, 
put in isolation room to protect them from infection and stuff), HIV-FUO (everyone gets an 
HIV test), classic FUO
You have to discard fictitious fever (poor people in dominican republic who put a plant in 
baby's butt that makes him have a fever so they can get money, desperation)

The longer the fever is, the less likely it's an infection (infections 15-20 percent) because it 
would have killed them earlier 
Do no harm—if you don't know what you're dealing with don't treat it because that changes
the story of the sickness and the person after you will have to deal with your mess
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TSS

You've heard about toxic shock syndrome, most famously when women who use the same
tampon for too long in the 80s came into the hospital almost ready to die from toxins in 
their blood. TSST-1, staph enterotoxin B, and less commonly, staph enterotoxins A, C, D, 
E, and H, can cause staphylococcus toxic shock syndrome. Most of the menstrual TSS 
(and half of the nonmenstrual cases) come up because of TSST-1 (toxic shock syndrome 
toxin-1). Fortunately, most people (70-80 percent) make antibodies against TSST-1 by the 
time they're teenagers: one study found that women with TSS have many, many less 
antibodies (1:5 in blood vs 1:100, which is normal for 95 percent of middle aged women). 
In strep toxic shock, M protein 1, 3, 12, and 28 are the most common toxins that give 
patients get shock and MODS (multiorgan failure). Exotoxins A, B, and C also play a role, 
as both pyrogenic (fever-producing) and cytotoxic. The amount of glucose, pH, and 
magnesium in the body (specifically in the vaginal canal, where these bacteria colonize) 
affect whether or not the disease progresses dangerously.

TSST-1 and staph enterotoxins, and strep's pyrogenic exotoxins, can act as 
superantigens. Superantigens don't stick to the part of an MHC-II where a normal antigen 
sticks. You know how normally antigens activate like 0.01 percent of your T-cells, because 
first they stick to the MHC-II on antigen-presenting cells like macrophages or dendritic 
cells, then the cell processes them, and then your T-cells read them, and then decide what
to do—well superantigens don't do that. They stick straight to the side of the MHC-II, and 
they don't get processed or broken down. And, they don't get presented normally to the T-
cell. You can think of them as binding outside, and gluing the MHC-II to the T-cell, instead 



of fitting in the little groove it's supposed to fit. Think of it this way because they activate 
like 5 to 30 percent of your T-cells, instead of the normal 0.01 percent. You can infer what 
happens from there: SO MUCH INFLAMMATION.

So how did tampons cause TSS? Tampons that are really absorbent raise your vaginal 
oxygen, glucose, and magnesium concentrations, which makes your vaginal bacteria grow
more and make more toxins. Having the same tampon in for a long time makes this 
process stronger. So then your patient comes in with really sudden headache, sore throat, 
vomiting, diarrhea, and confusion. She'll have a fever (more than 38.9 degrees C), those 
shakes and chills and pains (rigors and myalgias), and she'll come in hypotensive. That's 
the major key, that she's hypotensive, or hypotensive 4-8 hours after she's admitted. She 
shouldn't have any really obvious neurological signs except for the confusion, and maybe 
some decreased sensation. In 1-2 weeks she'll get a sunburn-looking rash from her 
squamous skin cells dying. Her mucosal areas will be really red, and swollen, from a lot of 
extra blood flow. Her blood is usually positive for staph, but you also check her vaginal 
discharge and that will definitely be positive, too.

That's the typical TSS. IUDs can also be colonized by TSS-causing bacteria sometimes. 
That's just normal infection, and causes about 4 percent of TSS cases. Non-menstrual 
TSS is more common than menstrual TSS, in general, and usually ends up being really 
severe. Whatever the cause of the TSS, you make the diagnosis with the temperature, the 
systolic BP below 90 mmHg, the rash, and the involvement of three or more organ 
systems. You have to discard gram negative sepsis, dengue, leptospira, measles, and 
rocky mountain spotted fever, which may all manifest with similar symptoms.

You can also get strep TSS, instead of staph TSS. Strep TSS attacks men and women in 
about a 1:3 ratio (1 man, 3 women), and it usually comes from the hospital, from surgical 
procedures like hysterectomies, vasectomies, mammoplasties, herniorrhaphy, and bone 
pinning, and you can get infected after childbirth too. It hits people with diabetes and 
alcoholism hard, but it'll attack anyone. Strep TSS starts with the same symptoms as staph
TSS, but it goes into a second phase where you see necrotising fasciitis or a cellulitis 
infection at the site of the entry wound or surgery, and your patient gets tachycardia and 
tachypnea. CPK and creatinine in the blood go up, and you get more leukocytes. In the 
third phase, you get the shock, multiorgan failure and patients die, often within a day or 
two of hospitalization. Again, you look for fever, vomiting, organ failure, scarlet fever 
rashes, hypotension, and bacteria in non-sterile or sterile body sites, especially bacteria 
that make A, B, and C toxins. If you find those toxins, it doesn't matter if your blood culture 
comes up negative, you've got a problem.

Folks who've undergone intravenous drug abuse, or surgical or medical abortions that 
involved oral or vaginal mifepristone (RU-486), are at a greater risk for a special toxic 
shock syndrome caused by the bacteria clostridium sordelli. C. sordelli TSS comes with 
very high case fatality, a lot of local and spreading edema, and the patient is afebrile, or 
has low grade fever, instead of a high fever—those are some things that make it different 
from normal TSS. Otherwise you're looking for the same hypotension and tachycardia. 
How does this happen? RU-486 is a progesterone receptor antagonist, so it makes the 
decidua degenerate, the cervix dilate, and it makes muscle tissue (myometrium) more 
sensitive to endogenic prostaglandins. (Misopristol—the RU-486 you give in the vagina, 
Cytotec—is a synthetic prostaglandin itself.) As glucocorticoid receptors get blocked, and 
there's a bunch of dead tissue from the little fetus in there, and there's continuous bleeding
washing away the normal protective mucosa, and the cervix is more open and vulnerable, 
the poor lady becomes a haven for this horrible bacteria. This is one of the reasons RU-



486 is illegal for abortions in several European countries, and under much greater control 
than in the US in others. Mifepristone and misopristol also suck because they can cause 
ectopic pregnancies, malformations in the uterus, uncontrollable bleeding (holy crap!) and 
incomplete abortions. THIS DRUG SUCKS and remains FDA-approved for abortions only 
through failure of education and vehement, continuous lobbying from several extremely 
powerful American corporations (there are two in particular I'm thinking of that I won't 
mention because I don't enjoy being tarred and feathered; if you actually care, you can find
both of them just by googling RU-486 and seeing who benefits financially from its use. 
Follow the cash.). It was not designed for abortions, and should not be used for abortions.

So how do you fix your patient's TSS? Recognize it fast, give antibiotics fast, and manage 
the site of infection. Early blood transfusions and strictly controlling the sugar content in 
their blood and bodies also help. As your patient goes into more serious shock, you might 
give corticosteroids and put them on a ventilator. You can teach your pts to prevent 
menstrual TSS by avoiding tampons if they've got a skin infection near their vagina, 
changing the tampons every eight hours, and treating all infections very early and well. 

What happens after you recover? So the loss of hair and nails is reversible. Yay! But 
patients can sometimes get relapses because the crazy T-cell response made a lot of 
interferon-gamma, which keeps immunoglobulins from getting made. That's super-weird, 
since normally T-cells tell your B-cells to make immunoglobulins, but that's what happens. 
You may also have chronic memory and concentration difficulties from the toxic damage to
your CNS, if that was one of the organ systems injured. About 1.8 percent of the girls with 
menstrual TSS die; as we said the death rate from non-menstrual TSS is higher, and 
unfortunately recurrence is worse. The strep TSS, from the hospital, kills between 30 to 70 
percent of people who get it.

AIDS

Antibodies are more reliable for testing than antigens.
NIH HIV guidelines online—pre and post exposure prophylaxis
Prevent a baby from getting HIV by doing a C-section and also giving anti-virals at the 
same time. They don't give antivirals until after the first trimester because there might be 
teratogenesis (there might also not, it's not actually contraindicated, but we're always 
cerful during the period of organogenesis)

Measure point mutations of your virus so you don't help develop viral resistance 

Thrombocytopenia purpura is an important symptom 
Might get mania or major depression

Normally in trunk or face rash
Oral candidiasis has a mostly fungi rash, but it may be a predecessor for a patient who is 
going to have aIDS because advancing immunosuppresion over time
Eppstein-barr virus

Don't give treatment to a patient with suspected HIV until after they've gotten proven with 
tests and stuff

UTIs

Let's talk about the most common causes of UTIs, and how to deal with them.



A few terms first.
Cystitis=inflammation of the urinary bladder, more likely to be caused by an STD. Lower-
urinary tract infection.
Pyelonephritis=inflammation of the kidney and the upper urinary tract. Upper urinary tract
infection.
A relapse is when you get the same organism coming back again; a reinfection is a new 
organism.

What causes UTIs? E. Coli is the most common cause of urinary tract infection. It has lots
of cell wall O antigens (O1,2,4,6,7,16,75) and K antigens (K1,2,5,12,13,51). It's resistant to
bactericidal activity from your blood because it makes alpha hemolysins. It's got a factor 
called cytotoxic necrotizing factor type 1 that kills cells, and it's got a siderophore 
aerobactin factor that helps it to steal iron in iron-poor environments. It uses that iron to 
survive.
Corynebacterium group D, specifically Corynebacterium urealyticum, is a common cause 
of hospital-acquired UTIs, and it's often resistant to everything except vancomyocin.
In pediatric patients undergoing bone marrow transplants, you might see some Adenovirus
type 11 causing hemorrhagic cystitis.
Staph saprophyticus causes about fifteen percent of acute uncomplicated cystitis, mostly 
in sexually-active women.
Enterococci causes about 3 percent of cystitis, mostly in older men.
Pyelonephritis only comes from E. Coli, Proteus, and Klebsiella, with the vast majority 
coming from E. Coli. Proteus and corynebacterium urealyticum predispose the patient to 
calculi.
Some very unusual things do sometimes cause complicated UTIs, like yeasts and 
resistant bacteria. If you've got cancer in your colon you might also get anaerobes in your 
UTI.
Most UTIs get into your body by living first in your large intestine, then getting into your 
vagina, and then getting into your bladder, but about five percent get there from your blood
and some through the lymph system.

There's a way to group these causative organisms. Out of the things that cause UTIs, 
there are 8 enterobacteracae that reduce nitrates to nitrates: 4 coliforms and 4 protesae.
Of the 4 Coliforms: E. Coli is one, enterobacter is another, citrobacter, and the fourth is 
klebsiella. All of these metabolize and reduce nitrates to nitrites, so if you see positive 
nitrites, you can think one of these four organisms is involved. Pseudomonas doesn't 
cause nitrites in your urine, and neither does staph. Pseudomonas is a river-creature, and 
doesn't like the sea: by that I mean, if the urine is really hyper-osmolar pseudomonas will 
not be happy, only if it's hypo-osmolar and there's a lot of humidity. Enterococci, on the 
other hand, like a really salty living environment. 

How can you tell if a bacteria reduces nitrates to nitrites? You can test for nitrites in a U/A. 
But also, if you reduce nitrates to nitrites, you destroy urea, and the patient could pee 
crystals and that might mean lithiasis in the urinary tract maybe. Crystals are good places 
for bacteria to go live. Major stone producers—because they're SO GOOD at splitting urea
—include Proteus (protoseai) and morganella, providencia, and serratia. E. Coli can also 
produce stones but stones are better produced with proteus

Mycobacterium tuberculosis can also create nitrites, but in that urinalysis you'll see 
inflammatory cells, and for some reason the infection doesn't go away or you can't culture 
anything, then it might be an extrapulmonary mycobacterium tuberculosis. Those who are 



HIV or chemotherapy or immunosuppressed might get this.

You can, of course, get a mixed infection of several bacteria, especially if you have a 
catheter. 

When do you have to worry about pyelonephritis? With more than 3 mil CFU, you're 
looking at cystitis, but once you get more than 100 mil CFU it's likely you got an infection 
that travelled up to the kidneys. 

Why do women get more UTIs than men? We have shorter urethral canals than men, 
and ours are closer to the perianal canal. Having sex is unfortunately a risk factor, even if 
you're monogamous, so it helps to urinate after intercourse to clean everything out. 
Spermacidal contraceptive jellies, diaphragm use, and pregnancy are also risk factors, and
being diabetic and therefore delicious can also put your patient at risk. Women with an 
estrogen deficiency don't have as much lactobacilli in their vaginas to protect them, and 
they also get more UTIs. 

Males who are uncircumcised (and also don't clean as well, so usually young boys and 
younger adults—if you clean well it's not a problem) are at greater risk than circumcised 
men, and men who have unprotected anal intercourse put themselves at risk as well 
(because poop in the pee-hole). Men who have prostatic enlargement, or are older, with 
functional or mental impairment so they can't take as good care of themselves, or patients 
with catheters, are also at greater risk. 60 percent of elderly males with pyelonephritis will 
get bacteremia (because so much gram negative bacteria in UTIs), so it can be serious 
stuff.

Folks with renal transplants are also at risk. In fact, a UTI is the most common bacterial 
infection in renal transplant patients, with an incidence of up to 30 percent in patients who 
aren't receiving prophylaxis, and these patients can straight up die because they're on so 
many immunosuppressors. This means also that during the early period after the 
transplant, the first three to six months, they're at the greatest risk. 

We do fight back against UTIs. A strong urine flow (frequent urination) and a bunch of 
inhibition factors in our mucosa help. Tamm-Horsefall protein, bladder 
mucopolysaccharides, low MW oligosaccharides, sigA, and Lactoferritin all fight to keep 
bacteria from adhering. Your blood group antigens are part of this defense system (so like 
being AB, or B, those kind of antigens). Some folks don't secrete their blood antigens into 
their saliva and urine and other bodily, fluids, though. If you're a non-secretor, you don't 
have as good of a defense against E. coli—you're not as slippery to hang onto—so it's 
easier for E. Coli to stick to your urinary tract, and you get more UTIs. So if you can, it's 
best to secrete your blood group antigens everywhere. (Lol because you have so much 
control over that) 

In the clinic your patient will come in with no fever, pain in their pubic area, and a change 
in the frequency and urgency of urination. Babies might just cry a lot, and little kids might 
tell their parents it hurts to pee. Those are symptoms of cystitis. Patients with 
pyelonephritis (upper) will have fever, chills, all the lower UTI symptoms plus nausea, 
vomiting, and flank pain that radiates to the groin. 

If untreated, especially in diabetics, UTIs can become acute bacterial nephritis, form 
renal cortical abscesses, and develop gas in the bladder walls (emphysematous cystitis). 
You can also get xanthogranulomatous pyelonephritis, which is a “rare, serious, chronic 



inflammation of the kidney” where there's a big mass of granular things going into the renal
cells, usually because of proteus or E.Coli.2 You'll see “staghorn calculi”, and the whole 
xanthogranulomatous thing is more common with males, specifically males with 
obstructions. The only way to treat xanthogranulomatous pyelonephritis is to take out the 
kidney. That sucks!

UTI can be a sucky pregnancy complication. It can cause sepsis, renal dysfunction, 
anemia, preterm birth and low birth weight, and even mental retardation and cerebral palsy
in the infant. Because pregnancy gives you lots of glucosuria and aminoaciduria, making 
you tastier for bacteria, and also opens your ureters and renal pelvis and keeps them from 
moving so much and reduces your bladder tone because the womb keeps pushing on you,
it can be easier for you to get a UTI.

To diagnose UTIs you get a clean-catch midstream urine specimen. You have to teach 
your patient how to take this: my doctor used to put a sign in the bathroom, and that was 
good I thought, explaining how the patient should use three different clean wipes to clean 
the urethral area, and take only the midstream part of the urine, and so on and so forth. 
You will look for a normal leukocyte count (5-10 per high power field). Dipstick leukocyte 
esterase is a very sensitive test for these. You really look for blood in the urine, formed in 
these specific casts (which could also mean a tumor, vasculitis, or renal TB, as 
differentials). If you see a WBC cast (FCARDs have picture) you might have 
pyelonephritis. Look also for proteinuria, nitrates, or a granular cast. If you've got sterile 
pee with lots and lots of white blood cells, but you can't find any obvious bacteria and 
things (that's sterile pyuria), then you might have TB, chlamydia, or fungi in there. 
Otherwise, you'll find more than 10,000 bacteria per mL means an infection. 10^2 CFU is 
enough to make the diagnosis in a pt with symptoms, and 10^5 CFU bacteria in an 
asymptomatic patient on two consecutive specimens. Any growth of any bacteria at all in a
suprapubic catheter counts if the pt has symptoms, and 10^2 CFU is enough in a catheter 
if the pt doesn't have symptoms. You could use abdominal films to find calcifications, or 
ultrasound for hydronephrosis, or helical CT scan/contrast-enhanced CT scans for 
nephrolithiasis, but that's of course if you suspect complications and such. 

To treat an uncomplicated cystitic UTI, you usually give an adult about one tablet of DS-
160/800 mg trimethoprim-sulfamethoxazole every day for three days, or 100 mg 
trimethoprim bid for three days, or 400 mg norfloxacin bid for three days, or 250 mg 
ciprofloxacin bid for 3 days, or levofloxacin in 250 mg qd for 3 days, or nitrofurantoin 40 or 
100 mg qid for 7 days, or fosfomycin in one 3g powder dose. You give the DS-160/800 if 
the “resistance rate” is less than twenty percent. Three-day therapy is better than a single 
dose, and it's best to give the TMP/SMX (the DS-160/800 stuff). If you give beta-lactams, 
you have to give them for more than three days. You can also encourage your patient to 
take a lot of cranberry and blueberry juice to lower urine pH and promote lots of 
proanthocyanidins, which helps kill bacteria. 
(SIG codes: BID means twice a day; QD means every day; QID means four times a day)

A patient with acute pyelonephritis needs to be admitted to the hospital and needs 
intravenous or parenteral antibiotics with usually fourteen days of therapy. 

I can get the Mandell et al. Principle and Practice of Infectious Disease online via Athens, 
and download it as a PDF and keep it forever. Dra. Jove calls this the Bible of infectious 
diseases, and many of the lectures here come from that. Maybe you can get it through 

2 Medscape. emedicine.medscape.com/article/2050430-overview



your school, too?

Glomerulonephritis

Prostatitis

You usually classify prostatitis into three types: acute bacterial, chronic bacterial, and 
chronic nonbacterial (chronic pelvic pain syndrome). This last one could be inflammatory 
or noninflammatory. You could also have prostatitis that's inflammatory without any 
symptoms, and that's a fourth category. We usually think of prostatitis in older patients, 
about three times more risk in older men, but young people can also get it. A Finnish study 
found that divorced/single men had less prostatitis, and that of patients who had it, about 
third of them had annual episodes, often in the winter.

A lot of times we don't know what causes prostatitis, and it overlaps with benign prostatic
hyperplasia. If it's bacterial prostatitis, it's usually gram-negative uropathogens like E. 
coli, Klebsiella, Pseudomonas, and enterococci. All urinary infections in men can get 
complicated by prostatitis. You know how it's not really unlikely that men get UTIs? It 
means that the infection is often more long-lasting in men, since it was a pretty hard-core 
infection to get up there in the first place, and often lasts more than a week, and 
sometimes up to three months. All this can inflame your prostate. If you've got blood in 
your ejaculate, it could be mycobacteria tuberculosis, or it could be cancer.

But about 95 percent of chronic cases aren't bacterial. Sometimes nonbacterial prostatitis 
comes from ejaculatory duct obstruction or seminal vesical infection. Sometimes you have 
uric acid reflux or problems with metabolism. And sometimes you have neurogenic 
inflammation, auto-immune problems, or chronic organ dysfunction, like some anatomical 
anomaly that makes this patient's prostate more prone to infection, and sometimes your 
patient has chronic muscle tension or spasms in his pelvic floor and the problem's not 
necessarily in the prostate. This last reason is kind of interesting. If you have muscle 
tension you can strain your lower urinary tract, making it hard to start to pee. That muscle 
tension could either come from neurological problems, or the problem could start within the
muscle itself.

But in real life, usually you don't know why the patient has prostatitis. He'll come in with 
symptoms like pain in his pelvic area, tenderness in his prostate, problems voiding or pain
ejaculating, and if he's got an infection, malaise, fever, and chills. A lot of times your patient
will say it feels like he hasn't completely emptied, when he pees. He'll also say different 
things about where the pain is. On average he'll say it's a 4-ish, but the pain may be in the 
tip of the penis, between the rectum and the testicles (where the prostate actually is, so 
this is the most common), in the testicles, or below the waist in the pubic or bladder area. A
patient who is always itching down there, and doesn't notice that he's doing it, might even 
have prostate cancer—Dr. Martinez knew a patient who didn't even notice that he was 
scratching in public, and when someone told him to check it out because it was bothering 
them, it turned out he had prostate cancer. Obviously not every itch is cancer! But the point
is that sometimes you can feel referred pain or itching that isn't in the area of the prostate, 
and that can be because of prostate problems.

When you check your patient's prostate, Dr. Martinez said you shouldn't put your finger like
waaay all the way in—the prostate is a lot closer than that. It's not way way up there, not 
even the full length of your finger. Unless you've got like short fingers or something. (On 
the other hand, I saw a Bates video where man, it really looks like that doctor was 



reaching in very very far.) Your patient has to be really really relaxed, or you can hurt him 
by pushing against a sphincter. You have to talk to him about what you're going to do, and 
calm him down. You try to feel any lumps or enlargement. A normal prostate feels like the 
point of your nose. It shouldn't be hard. Don't just break any abscess you find there—be 
gentle. Dr. Martinez knows someone who accidentally killed a patient, because the 
abscess broke with bacteria and stuff into the capillaries that are down there, and the 
patient went into shock. Basically don't massage or palpate “vigorously” if you suspect 
your patient has acute bacterial prostatitis. Prostatitis is extremely tender and painful (if it's 
acute bacterial). That's really different from the hard mass you'll feel if the patient has 
benign prostatic hyperplasia or some kind of cancer.

You can diagnose prostatitis with the 2-glass test. That's where you ask the patient to 
urinate, then you stop him mid-urine, do a prostate massage from the periphery to the 
midline to put prostatic excretion in the next urine batch, and then have him complete his 
urination. For prostatitis you're looking for higher WBC counts in the second batch than in 
the first. Usually if he has a chronic bacterial infection, it'll be either positive or negative for 
WBCs at first, and then the second part will be positive (more positive than the first); if he's
got a chronic inflammation that's non-bacterial, it'll start out negative for WBCs, and then 
the second batch will be positive for WBCS. If he doesn't have any inflammation, he won't 
have any WBCs. Sometimes people incorrectly diagnose interstitial cystitis as prostatitis. If
there's no change between the two specimens, then the prostate probably isn't inflamed, 
and it's interstitial cystitis.

You also diagnose based on 5-day cultures of bacteria that come from mid-stream urine 
and prostate secretions. You wouldn't usually do a biopsy. Biopsies are really only 
necessary if pt has elevated PSA, not for prostatitis (you're looking for cancer) and when 
you do a biopsy you have to take chunks from many different areas so that sucks for the 
patient. You can find stones with a transrectal ultrasound. You don't need cystoscopy 
unless you think there's some other pathology.

Treatment: Acute bacterial infections you treat with IV antibiotics, then oral therapy, kind 
of like how you treat acute pyelonephritis. Sometimes the patient needs a catheter so he 
can drain his bladder appropriately while you're still killing the bacteria. If your patient has 
an abscess, you have to drain it carefully to prevent it from getting into the bloodstream, 
and you should have the patient on antibiotics that whole time to protect him from sepsis.

Chronic bacterial cases: give 4-12 weeks of antibiotics to get rid of the prostatitis in 60 to 
80 percent of patients.  Flouroquinolones (sulfas, erythromycins, tetracyclines) are a good 
choice. Dr. Martinez mentioned doing a TMP-DS sulfa regiment for three months. Chronic 
means it may come back in less than six months. In that case you might prescribe the 
patient continuous prophylactic antibiotics. Prostate massage might help the patient 
excrete and clean out the bacteria in his prostate. 

Even if you don't have a cultured bacterial pathogen, chronic inflammatory disease 
responds to antibiotics in like half of cases. But there are some new cures for inflammatory
prostatitis that doesn't respond well to antibiotics (or where you can't isolate a bacteria 
causing it). There was a COX-2 inhibitor (rofecoxib) that helped lower prostate 
inflammation in a randomized trial. People have also had small successes with finasteride,
phytotherapy, pentosan polysulfate (for symptoms), and transurethral microwave 
thermotherapy. Phenoxygenzamine causes orthostatic hypotension at the doses that help 
with prostatitis, so it's probably not the best choice, although other alpha-blockers like 
doxazosin, tamsulosin, and terazosin might help. Surgery's only if there's like bladder neck



obstruction or something backing up flow and giving you prostatitis. 

What if you have noninflammatory chronic pelvic pain syndrome? There aren't enough 
trials about this stuff, but they've said anecdotally it responds to muscle relaxants (alpha 
blockers and diazepam), biofeedback physical therapies (where you teach the patient to 
mentally relax by showing them on a chart you've hooked them up to how un-relaxed they 
are, kind of like that hypertension biofeedback thing), and maybe analgesics, amitriptyline, 
and lifestyle modifications. Phytotherapy is kind of neat: it's quercetin and bee pollen, and 
in one study in the late nineties 42 percent improved and 36 percent got cured. This was 
for both patients with inflammatory and non-inflammatory pelvic pain syndrome. A lot of 
times you'll focus on something non-prostatic for noninflammatory pelvic pain syndrome, 
though. We don't understand this very well, so it requires a lot of careful trial-and-error 
stuff.

Sometimes patients who have prostate problems, but no symptoms, will be infertile or 
have elevated PSA. Otherwise, if there's an abnormality but they have no symptoms, you 
wouldn't treat them, generally, even if you know there's something abnormal going on (as 
long as they don't have cancer or some kind of infection you'll leave them alone).

STDs

The most common STD recognized in men is urethritis, which can either be gonoccal, non-
gonococcal, or non-infectious. Gonococcal urethritis comes from the gram negative 
intracellular diplococci N. gonorrhoeae, which most commonly causes disease by itself, 
incubates 2-7 days, and then abruptly causes a purulent urethral discharge and dysuria. 
When you're looking at the pt in the clinic, you might 'milk' the urethra to see the discharge.
There's inflammation in there (meatitis) so this is not comfortable for the patient and no 
one is happy. You diagnose this by gram staining that stuff that came out of the urethra 
and running a Thayer-Martin culture, since this is a fastidious (picky) bug that needs CO2 
and a rich living environment. Then you treat it with 125mg intramuscular injection of 
ceftriaxone or a ciprofloxacin 500mg by mouth plus 100 mg doxycycline by mouth twice a 
day for 7 days.

The most common non-gonoccocal urethritis is caused by C. trachomatis, an obligate 
intracellular parasite—that means it has to live inside your cells or it dies. This kind or 
urethritis is twice as common as gonorrhea and has a longer incubation period, 7-21 days. 
This can also be caused by U. urealyticum, T. vaginalis, Herpes simplex, or Candida. In 
this case you're less likely to have the discharge—only 15 percent have it—and dysuria is 
only a maybe, too. So the main symptom here is the meatitis. If this is caused by C. 
trachomatis, you diagnose this with the gold standard, a cell culture, and you can check a 
direct fluorescence antibody, an enzyme-linked immunoassay, and a DNA probe. If it's U. 
urealyticum or T. vaginalis you'll find out in culture. In the latter case (t. vaginalis) you will 
also take a wet mount and then you'll see motile protozoans. You treat this with one oral 
gram of azithromycin or 100 mg of doxycycline by mouth twice a day for a week. For T. 
vaginalis, we get a bit more specific, and you got metronidazole two grams by mouth.

Non-infectious urethritis—inflammation down there—could be from a systemic disease like
Wegener's granulomatosis or Steven Johnson Syndrome, or from something more urinary 
like renal stones, trauma to the urethra, catheters, or chemicals like alcohol and 
spermicides. 

Herpes also causes a urethritis, but in herpes there's a severe dysuria, and the discharge 



is more mucoid (not purulent), and in the whole area there will be lymphadenopathy, and 
the patient may have other more generalized “constitutional” symptoms, like little fevers 
and things. You expect genital lesions with herpes, but you may actually not always see 
them. 

The most common STD in women is cervical inflammation, cervicitis, usually caused by N.
gonorrhea or C. trachomatis. You could also get cervicitis from the herpes simplex or 
human papilloma virus. A woman with purulent cervical discharge, cervical edema, dysuria
(pain during peeing), dysmenorrhea (pain during menstruation), dyspareunia (pain during 
intercourse), and urethritis might have gonoccocal cervicitis. Only about half of those 
women also have associated urethritis, but you definitely look for the purulent cervical 
discharge for the gonorrhea.

When C. trachomatis causes cervicitis, it's usually more mucopurulent, like a mix, and 
actually 70 percent of women don't even get a vaginal discharge. Look for abdominal pain,
and spotting during intercourse.

If herpes causes cervicitis, the discharge should be mucoid, and there will be lower 
abdominal pain. When you examine her cervix, it'll be friable, which means the skin and 
stuff will break off easily, and you could see ulcers and necrosis. There won't be lesions 
externally. Herpes is serious stuff during pregnancy, since it can kill the baby or cause 
premature labor, skin lesions, chorioretinitis, microcephaly, and other growth retardations. 
Herpes is also complicated on AIDs, and you'll often see painful perianal ulcers and colitis. 
You might also get enchephalitis and pneumonia, so in the end herpes can end up causing
CNS problems.

Diagnose cervicitis with a gram stain of the endocervical mucous, and look for more than 
10 WBCs. A cervical biopsy could reveal herpes simplex. A colposcopy is when you use a 
light and a microscope to examine inside the patient's uterine neck, and you could do that, 
too. You can treat cervicitis if it's caused by gonorrhea or C. trachomatis.

Untreated cervicitis can progress to endometritis, salpingitis, ectopic pregnancies, and 
infertility—basically as the infection travels up your innards it causes more and more 
cellular damage. This cellular damage makes it easy for you to get some kind of neoplasia
—the cells try really hard to regrow because they're damaged, and they may grow weird or
out of control. This is especially dangerous during pregnancy, and during the delivery you 
could infect the baby, or cause premature birth, low birth weight, or intrauterine death. 

Vulvovaginitis—or inflammation lower down, not of the cervix but of the vagina and vulva—
could be caused by bacterial vaginosis, trichomoniasis, or candidiasis. Candidiasis doesn't
have to come from sex: 75 percent of women get at least one episode of itching, 
dyspareunia (painful intercourse), and/or white discharge that comes from this. Anything 
that throws off the growth of Candida albicans, and lets it grow too much, can cause this: 
changes in the vaginal pH, antibiotics, oral contraceptives, corticosteroids, pregnancy, 
diabetes, anything that would change the flora of your vagina. Treat this with 150 mg dose 
of fluconazole, or 200 mg of ketoconazole by mouth for seven days, or a topical antifungal 
like clotrimazole or miconazole.

Bacterial vaginosis is the most common cause of infectious vaginitis. This might not have 
symptoms and itching: the typical thing is a fishy odor in a moderate gray discharge. The 
pH of vaginal fluid will be greater than 4.5, and in the gram stain you'll see clue cells, which
are these funky epithelial cells dotted with little bacteria all over them. Treat this with 500 



mg of metronidazole by mouth twice a day for seven days, or a topical metronidazole.

A vaginitis caused by trichomona will have lots and lots of green-yellow discharge and pain
during intercourse. There will be an unpleasant smell. This pH will be a little higher, around
5-6, although during your period the pH goes up more. Treat this with 2 grams of 
metronidazole taken by mouth.

Your patient can also get genital ulcers. Syphilis, chancroid, genital herpes, 
lymphogranuloma venereum, and donovanosis are all things that can cause those. What 
are all those things, you ask? I ask that, too.

Syphilis is caused by the spirochete T. pallidum, which has a 21-90 day incubation time 
and causes a bunch of painless lesions. They've got a smooth base and a crusty top, and 
you could just have one or many. These start as firm lesions, not like ulcers. You'll see 
changes in the lymph nodes uni-or-bilaterally. Syphilis happens as T. pallidum penetrates 
your mucosal membranes, and creeps in through little abrasions in your epithelial surfaces
—the place it penetrates will be your first lesion. This means you could get infected by just 
one treponema bug! It also means that you could get these lesions anywhere, like on 
breasts or tongue, just by touching the bug. These lesions could cause focal endarteritis, 
where the bug killed a blood vessel by obliterating it with this lesion, clogging it up. You 
diagnose syphilis with darkfield microscopy, the VDRL blood test, or FTA, and you treat it 
with penicillin or doxycycline.

That first, typical syphilis lesion is called a chancre—that painless indurated ulcer, which 
starts as just a papule until the tip erodes to turn it into that crusty ulcer with raised border. 
That thing I talked about up there. This heals in several weeks—the major problem is 
secondary syphilis. That shows up 4-8 weeks after the chancres. Your patient now will get 
malaise, fever, headache, sore throat, and lymph swelling all over his body, with wide-
spread, non-itchy, symmetric, pink, coppery, red scales across his skin. This “cutaneous 
eruption” is described as papulosquamous and indurated. You might see condyloma lata—
these are large, pale, flat papules in the armpits, perineum, or around the anus that are 
super-super infectious. These are basically your serious genital warts. You might also see 
mucous patches: raised oval things covered with gray-white membranes in genitalia, 
mouths, and tongues. This is also a highly-infectious lesion, and it's like warts but with 
mucous on it. 

Over time, syphilis can kill you by making lesions in your brain, or by destroying your 
cardiovascular system. Late, non-infectious syphilis will show “gummas”--these are the 
granulomas we talk about on pg. FIXAL of pathology, which are these flat granulomas. You
get central necrosis, with epithelial cells and fibroblasts and histiocytes around that central 
necrosis. They might be nodules, or these punched-in ulcers, and to me it's like you've got 
this reddish dot with a blackish circle around them—they've got hyperpigmented borders. 
Penicillin really, really heals this stuff amazingly. This late benign/non-infectious syphilis 
will destroy joints, make the bladder incontinent, make the patient impotent, and can be 
super-painful and crippling in your larynx, vagina, and rectum. 

There's a characteristic shrimp-appearance in the aorta because of that obliterative 
endoarteritis that's killing the vasa vasorum and the intima and the media, making the 
ascending aorta really dilated to the point where you can have an aneurysm and die. That 
usually starts 5-10 years after the initial infection, but it could take up to 20 or 30 years to 
really show up. You might see just calcification in the aorta's wall by radiography, or you 
might find an aortic regurgitation murmur.



The neurological manifestations of syphilis usually happen 5-10 years after the first 
infection. The patient will have psychiatric problems and a non-specific vertigo and 
malaise. They might also have sensory loss, and get seizures or paralysis in one side of 
their body. You'll check for VDRL in the CSF, and you'll see an increase in lymphocytes 
and protein in there, too. The most common form of neurosyphilis is asymptomatic, but 
because of those lesions doing that endarteritis stuff you could see a cerebrovascular 
artery stroke-thing in young patients because of syphilis. You treat brain-syphilis with IV 
penicillin.

Syphilis can also infect a little fetus, so you should get VDRL tests from all expectant 
mothers. If you treat the mother before the 16th week of the baby's life you can prevent 
neonatal illness. Otherwise, the baby will get problems that look like secondary syphilis, 
and also will get rhinitis, hepatosplenomegaly, hemolytic anemia, jaundice, and 
thrombocytopenia. If the baby stays untreated for two years she can become deaf 
because of damage to her eighth cranial nerve, and she might have a depressed nose 
bridge and prominent frontal bones, and a poorly-developed maxilla with different teeth—
so her face will look different because of syphilis from her mother. She might also have 
knee arthritis.

Chancroid is a bunch of lesions caused by H. ducrey, a gram negative bacteria. The 
incubation time is usually 2-7 days, but could be up to 35, and you'll see painful lesions 
with a erythematous (red) border under a yellow-gray rough base. Painful lesions, don't 
think syphilis, think chancroid. This could also cause some lymph node changes. Diagnose
this with cultures in supplement agar with CO2, and check for vancomycin susceptibility. 
You treat with one dose of ceftriaxone or azithromycin, or three days doses of 
ciprofloxacin. In pictures these look like yellow flat dots outlined with red pen.

That's a really different appearance from herpes. Herpes looks more raised, shiny, red and
swollen, more like little ulcers all joining together in shiny smooth red painfulness. This 
looks less gross, if you know what I mean? You'll have to look up pictures. This takes 
about 2-7 days to incubate, and you'll see bilateral firm, tender nodes. You diagnose this 
with a Tzanck smear or viral culture, and you treat with 10 days of acyclovir or valacyclovir 
or famciclovir. Once you have the herpes virus it doesn't go away, but you can force it to 
stop making such a painful infection.

Lymphogranuloma venereum is caused by chlamydia trachomatis, and its lesions are 
usually single. One lesion with variable borders, a variable base, no induration, and it may 
be tender—look for a groove sign. That means you'll see these “linear fibrotic depressions 
parallel to the inguinal ligament, bordered above and below by enlarged lymph nodes,” 
says my medical dictionary.3 My teacher showed us a picture with enlarged lymph nodes 
called buboes in the patient, and the lymph nodes are all red. Patient information on the 
internet which of course we always trust says that this is more common in men, particularly
who have sex with men. Diagnose this with a culture or the groove sign, and treat it with 
doxycycline for 21 days or tetracycline for 21 days. The latter is preferred.

Donovanosis is a disease that takes 3-180 days to incubate—so really variable—and gives
you a small painless papule or nodule with elevated borders. This thing will be red with a 
rough, friable (easily breakable) base, and “beefy” granulations. It's friable because it can 
also be necrotic and hypertrophic, where lots of cells are growing and dying in the same 
place. The inguinal nodes might swell but they won't be in full-on-hardened 

3 Medical-dictionary.thefreedictionary.com



lymphadenopathy, in contrast to syphilis. Also these things look bigger than syphilis 
lesions, and they're more likely to be like on the thigh or inguinal region (granuloma 
inguinale) and the lesion, since it's necrotic and stuff, is covered with this “offensive” 
purulent exudate. They're these big granulomas. It doesn't say anything about these being 
painful. Diagnose this with Giemsa or Wright's stains, looking for Donovan bodies, which 
are these rod-shaped oval creatures in your phagocytes or histiocytes. Treat this with 
Trimeth-sulfa for three weeks or cipro for three weeks.

You've probably also heard a little bit about HPV. There are 70 different genotypes of HPV,
and only types 6 and 11 cause the condyloma acuminata warts that lead to cervical 
cancer. That's the stuff you check with a cervical biopsy. You then treat the warts with 
podotilox solution. This is the most common viral STD: most people who've been sexually 
active with a person who's been sexually active with someone else has it.

Molluscum contagiosum is a poxviridae virus that causes tiny .2-10 mm papules. These 
you just biopsy and then freeze or cut off.

Ear infections 

Couldn't quite put this with lungs, but it doesn't belong with GI or UI or cardio either, so I'm 
just going to drop this right before lungs to give you a heads-up we're getting into the head
section.

So first otitis externa, where everything in front of the tympanic membrane, external to it, 
can get infected. If it's acute and localized, its usually staph aureus. If it's acute and 
diffuse, it's called swimmer's ear, and it's probably some bacteria from the water or the soil,
some outdoor thing. If it's chronic, there's something limiting drainage from the outer ear. 
Malignant otitis externa is when your ear starts to necrotize! That infection then eats 
through to soft tissue, blood vessels, and your bones! What could do such a horrible thing?
P. aeruginosa and fungi! This will cause so much pain in your ear and mastoid, and there 
will be pus visibly draining from the canal. Who gets these infections? Yup, 
immunocompromised folks, or folks with diabetes mellitus, or old folks. So if you're all 
three, heaven help you, do not get an ear infection with nasty P. aeruginosa. Which you 
might get from a hospital. Gah!

Otitis media is most common, out of all year-groups, in three-year-olds—that's the peak 
incidence age. S. pneumonia, H. influenza, moraxella catarrhallis, viruses, and 
mycoplasma pneumoniae get all up in your tympanic membrane. That last one causes 
hemmorrhagic bullous myringitis, where you got those tiny little vesicle painful things on 
your tympanic membrane. The kid will have trouble hearing, and he'll be afraid of you 
touching his ear, and since he can't hear, he'll be more afraid in general. You'll diagnose 
this by looking at the ear and seeing if the tympanic membrane looks bulgy, or if it moves, 
or if it's more dark than it should be, or if it doesn't reflect light anymore. If this goes 
untreated, you can get hearing loss, and cholesteatomas build up in there, or the tympanic
membrane can straight up sclerose. You can also start to get inflammation of the bones 
around there, you know like the little hearing bones, so like petrositis, or the jaw bones 
around there, so like mastoiditis. If it keeps progressing deep enough, you can get 
inflammation in your labyrinth, and start impinging on your facial nerve, causing face 
paralysis. You can also squish the blood vessels going into your lateral sinuses, and with 
all the inflammation the area that can cause thrombosis. Go deep enough, and what's 
next? Well, your brain! Your meninges first, of course. So then you'd have subdural 
empyema, and then below that, otitic hydrocephalus! So otitis media is actually a big deal.



So if otitis media gets all the way to causing mastoiditis, it was probably strep pneumonia 
and h. influenzae. How do you know when it's gotten that far? A CT scan will show you the 
inflammation and swelling above and around the ear in the bone area, and you'll need to 
drain the ear as well as give antibiotics. 

A lil more detail on some of these ear infection culprits. So remember, strep pneumo is 
otitis media in kids, and pneumonia in adults. Remember that strep pneumonia doesn't 
have Lancefield antigens, and looks like lancet-shaped cocci in pairs under the 
microscope, and that it's polysaccharide capsule is the big problem here. That protects the
little bugger from your macrocytes. You could use the Quellung reaction (which is old and 
not used much anymore) to detect strep pneumo with antiserum, antibodies to that 
capsule that'll turn blue and make it swell and that's a positive test. You could also use 
optichin sensitivity, which is how you tell the difference between alpha hemolytic strep 
pneumo and alpha hemolytic strep viridans. Optochin kills strep pneumo, but not strep 
viridans. 

Moraxella catarrhalis—formerly branhamella catarrhalis, and before that neisseria 
catarrhalis—is part of your normal respiratory flora. We put this ear section right before 
lungs because OMG look, a lot of things that cause ear infections also cause pneumonia! 
This one causes pneumonia in lung disease patients, and otitis media in other patients, 
and these guys are penicillin-resistant because their beta-lactamases break it!

Some anaerobic gram-negative rods can also get in your ear. Fusobacterium are bacteria
one like that. They also causes tooth disease and aspiration pneumonias and abscesses 
in your abdomen and pelvis, but for now remember it's a rare ear infection thing. 
Fusobacterium necrophorum also causes pharyngitis.

We already talked about haemophilus influenzae causing ear infections. That's the non-
capsulated kind, which you can still try to treat with amoxicillin or ampicillin. Cefuroxime, 
says CMMRS, is also really good for otitis media caused by either H. influenzae or M. 
catarrhalis. TMP/SMX like to attack H. influenzae and s. pneumoniae. 

So yeah, ear.

LUNGS

Upper respiratory tract infections

The normal flora in your upper respiratory tract is S. pneumonia, alpha hemolytic strep, H. 
influenza, and Neisseria. So are these the major causes for URTIs? No, actually. 80 
percent of those are caused by viruses.

Viruses like the common cold! What's a cold? It's a “mild self-limited catarrhal syndrome.” 
About 1-5 percent of colds can get messed up by bacterial infections.

Half of colds are caused by the 100 types of rhinoviruses out there. Then 25-30 are 
caused by influenza (3 types), and 15-20 percent caused by parainfluenza (5 types). Then 
everything else is caused by coronaviruses, adenoviruses, metapneumoviruses, and 
bocaviruses. CMMRS says you can remember a rhino with a cold drinking a Corona beer, 
if that helps you remember that coronaviruses cause colds, and it also says that 
coronaviruses cause like 15 percent of adult colds. So there's that. 



Rhinoviruses are picornaviridae family members that like to grow at 33-35 degrees 
Celsius, and live as non-enveloped icosahedrons. That means they look like D&D die. 
They've got single-stranded RNA. I kinda remember their structure because if you're a 
D&D player and your party runs into a rhino, you can probably beat it—you probably won't 
need extra armor (no envelope) and one sword should do just fine (single-stranded RNA). 
R for rhino. They are the third most common viral respiratory illness in kids, because kids 
aren't so strong against rhinos. You spread the rhinovirus from hand-to-hand mucous. So 
washing your hands makes a huge difference! These are kinda heavy viruses, so they're 
only airborne for up to three feet.

You get less and less colds per year as you get older and immune to more kinds of cold 
virus, so kids might normally have 6-8 colds a year while adults have 1-2.

We mentioned influenza can cause some kinds of cold, and that's how the Mandell 
Infectious Diseases book puts it, but some sources I've read call the cold things caused by
coronavirus and rhinovirus, and the flu things caused by influenza. My teacher says you 
can tell the difference between cold and flu because cold will have a stuffy nose, and flu 
will not, and flu can have fatigue, fever, diarrhea and vomiting, joint pain, loss of appetite, 
and headache.

SARS is another upper-respiratory infection virus, but it comes with fever, diarrhea, and 
pneumonia, and it was a big deal back in 2003 during a global outbreak because it's 
transmitted really easily from person to person in the air. You can diagnose this in your 
patient with cultures of their cells, serum antibodies, and PCR, and of course you can ask 
them where they've been lately. Think SARS, swords, Samurai are the best at swords so 
Asia.

MERS-CoV is another location-virus to remember. Think Arabian peninsula, and mild 
upper respiratory symptoms. Nice, right? No! Within a week the cough and fever turn into 
respiratory failure (ARDS), renal failure, and pericarditis! This was an outbreak issue in 
May 2014. This disease started in camels and bats. Think MERS, Mares, Arab horses are 
the best in the world, Arabian peninsula, to memorize.

Rhinoviruses like to attack you in the fall and spring, corona viruses will squeeze in 
between them in the winter, and influenza prefers december and april. Strep will hang out 
between-ish corona virus and then rhinovirus, with late winter and early spring. So I guess 
in order during the year you expect to see more rhinovirus, then strep, then coronavirus, 
then strep, then rhinovirus, then flu, with a bout of flu for Christmas, too. It goes in order, 
RSCSR, then a bit of F. RSCSR looks like a tie-figher kind of.

Acute laryngitis is the kind of sore throat you get with a cold or flu, usually. It's when you 
get hoarse and can't talk, and basically need to rest your voice. All major viruses can 
cause this. Inflammation of your pharynx is different. It's the “scratchy” irritating feeling in 
your throat that actually includes the cough and nasal symptoms: think yuckky stuff 
growing on your pharynx and maybe exuding goop out. That's the pharyngitis. It's 
different from having a cold, remember: a cold is “less gross” in your throat, with no lesions
and exudates and gray things in there, just soreness. It's higher up than laryngitis, right 
behind your mouth, and it feels really annoying, like you need to swallow something 
(again, scratchy). Pharyngitis you gotta treat with antibiotics. Acute 
laryngotracheobronchitis or croup is when you get that barking cough, and it's the area 
just under the glottis (subglottis) that's inflamed, not just your general larynx or your 



pharynx. Think the bark of a seal. This one is slow, and it'll appear with a prodrome like a 
cold or flu, with that typical upper respiratory cough and sneeze and such, and usually it'll 
happen in a kid less than three years old who needs vaporizers, humidification, or 
epinephrine to help him out. It's another one that's more “dry” than pharyngitis, but it's also 
more “deep” down than the laryngitis. Epiglottitis is the opposite—it's right there up at the 
top of your throat, with your epiglottis getting all inflamed and clogging up your throat like a
big ole cherry. We'll talk more about the nasty bacteria haemophilus influenza with the B 
capsule in a bit, and about how you prevent the spread of epiglottitis to family members by
giving them rifampin. You gotta give that kid a breathing tube if the epiglottitis gets bad 
enough.

Now we're going to talk a lot about pharyngitis.

Pharyngitis is also usually viral, says Dr. Jove, with adenovirus in 12-23 percent of 
cases.  But all the cold viruses, plus herpes, enteroviruses, epstein barr, cytomegalovirus, 
HIV, influenza, RSV, and human metapneumovirus can also cause pharyngitis along with 
their respective syndromes. The most common bacteria that causes it is Strep 
pyogenes from group A, but you can also get it from strep C and G, mixed anaerobes, 
fusobacterium necrophorum, neisseria gonorrhea, coynebacterium diphtheria, 
arcanobacterium haemolyticum, yersinia pestis, francisella tularensis, and treponema 
pallidum, along with their particular syndromes. That's a lot to remember! These bacteria 
and viruses should have all been discussed in the first microbio pg. FIXAL, but if they 
weren't, there are also FCARDs for them, under respiratory and bacteria, so you can 
distinguish between the kinds of pharnygites they cause.

When you also have temperature elevations, myalgia, malaise, headache, and 
conjunctivitis, it's called pharyngoconjunctival syndrome. Adenoviruses subgroup D, 
types 8, 19, and 37, they cause a keratonic version of this, keratoconjunctivitis. The soft 
conjunctiva of your eye will be all red and weepy, and it's like pink-eye-looking. 

Herpes simplex viruses cause a pharyngitis that's got vesicles and little ulcers in your 
palate, and it makes your cervical lymph nodes swell, and you might also get 
gingivostomatitis, which is when you get those annoying sores on your gums, the little 
vesicles, and your mucous membranes swell. This is one of the viruses that cause an 
exudative tonsillitis, which means your tonsils swell with edema and exude this grayish-
white membrane stuff, kind of like diptheria's pharyngitis—except that diptheria's exudate 
isn't just exudate, it's necrotic tissue and fibrin and taking it off would make the patient 
bleed. Herpes exudate is just yukky gray-white goop. Herpes sores are painful, and you 
can distinguish them from a canker sore (chancroid) because systemic things like muscle 
pains and fevers might go with them. Herpes infection, when it's super serious, can also 
cause keratinitic blindness and encephalitis. Remember herpes is one of the HHAPPPy 
viruses, the DNA viruses: Herpes, hepadna, adeno, papova, parvo, pox, and it's got an 
envelope, and it's an icosahedron with double-stranded DNA. You treat herpes with 
Acyclovir, and remember it's very HIV-opportunistic. Most other virus pharyngites you just 
have to be a supportive therapy person, which sucks but hey. I guess with influenza there's
ostelnamivir, zinc lozenges, and vaccines, at least.

In kids, especially during the summer, Coxsackieviruses like to cause a pharyngitis called
herpangina, where you get tiny vesicles on your soft palate, uvula, and tonsillar pillars—
basically way in the back of the throat, which is different than getting it in your gums like 
herpes. Like with herpes, you get febrile illness. Someone who has hand, foot, and mouth 
syndrome will also get these on the edges of their hands and feet, and on the edges of 



their tongues. Coxsackievirus has an edgy-sounding name.

Epstein-barr or infectious mononucleosis also causes an exudative tonsilitis. Your EBV 
pt will also have fever, with generalized lymphadenopathy all over your body. You'll have 
persistent malaise and fatigue and a big spleen, and the pharyngitis should be painful. 
EBV works by binding to the C3d receptor (C21) on your B-cells—that's the complement 
receptor that's supposed to get them going. So then EBV gets into the cell, and instead of 
the receptor doing its job and making the plasma cell activate and grow, now it's an 
accomplice in transforming the B-cell into something more out of control. The out of 
control, power-drunk B-cell then proliferates and passes on EBV to all their little 
proliferating spawnlings. In the latent state inside those new B cells, EBV is lots of circular 
DNA, and it's not until it activates that it gets a little envelope and becomes a “real” virus. 
When you look at blood smears, your CD8 killer t-cells look all huge because they're trying
to kill the infected cells, and they look weird. Because there are so many CD8 cells all 
freaking out, your ratio of CD4 to CD8 goes down. It's important to understand that while 
it's the B-cells that are infected, you're not seeing them in your diagnosis: you're 
diagnosing with the big CD8 killer cells. How is this cured? Well somehow the immune 
system kills the weird B-cells and the virus—and good thing, too, because they're just 
growing out of control! EBV might help people on Africa get Burkitt's lymphoma, a B-cell-
out-of-control disease. When you diagnose EBV, you can look for weird lymphocytes in the
blood smear, or you can see if the blood causes sheep blood to agglutinate. If it does, it's 
got the EBV virus antibody in it.

In acute retroviral syndrome, if you get HIV and it just reacts with you right, you'll get a 
pharyngitis after 3-5 weeks with no exudate. There will be ulcers, and hyperemia, so a lot 
of blood flow and redness to that area, and you also get a non-itchy maculopapular rash all
over your body and flu-like symptoms.

Strep pyogenes pharyngitis doesn't come with a cough. That's a major marker. You get 
the exudates, fever, leukocytosis, and lymph-node enlargement in the neck, though. You 
can diagnose this with a rapid antigen test or a throat culture. You treat strep pharyngitis 
with 10 days of penicillins or a 5 day course of azythromycin or cefuroxime.

Diphtheria is really slow, with a really low-grade fever, which is one thing that makes it so 
scary—you don't really care about it until it's really hurt you so much. This is the gray 
tonsillar and pharyngeal exudate you always hear about, with the necrosis and fibrosis and
dead cells. If you try to peel this off, you could get the diphtheria into the patient's 
bloodstream by making him or her bleed! The bacteria look like the Chinese characters on 
examination. 

A scarletiniform rash is one that mimics scarlet fever. That means it's innumerable red 
papules aaaaalll over your body, really widely distributed. The papules are really tiny, so 
the whole rash just looks like a diffuse raised redness to me. That is the kind of rash an 
archanobacterium haemolyticum might cause with your pharyngitis.

Remember that N. gonorrhea can also cause pharyngitis. I will let you imagine how. You 
can diagnose that with Thayer Martin media, because that's what N. gonorrhea likes to 
grow on.

One more time, here are the things we've mentioned that cause exudative pharyngitis, and
a few more, for eight in total—memorize eight: anaerobes, a. haemolyticum, c. diptheriae, 
HSV, EBV, strep pyogenes, yersinia, and adenoviruses. How do you tell the difference 



between bacteria and viral pharyngitis, you ask? WIth viruses think conjunctivitis, cough, 
diarrhea, and ulcers. With bacteria think fever, sudden onset, headache, nausea, vomiting,
pain, winter, and early spring—I guess all the things you would think for a combined flu 
and pharyngitis. Virals are more simple, in this case, like herpes simplex is simple. When it
comes to pharyngitis, viruses are simple.

What really sucks is if you get an abscess in your tonsils because of your pharyngitis. That
could squish your jugular veins, and it could block your airway and make you drool a lot, 
and it requires surgical drainage. You'll see asymmetric tonsils.

Finally, while we're talking about infections all up in the top part of your respiratory tract, 
there isn't much more up you can go than your sinuses. Usually it's a viral cold or flu 
infection that's become complicated that gets into your sinus: the paranasal sinuses are 
sterile, closed spaces that are hard to worm your way into if you're a bacteria. So folks who
have more open areas because of inflammation are more likely to get infected in here—
remember infection vasodilates and opens up all your tissues. That means auto-
inflammation, like allergic rhinitis, for example, and sickness inflammation like URTIs or 
upper tooth infections. You could also just have mechanical weakness that makes it easier 
to get into your sinuses. Malformations or injuries like septal deviation, or foreign bodies or
masses like polyps all fit that category. 

How can you tell when your pt has progressed to sinusitis? Their nose discharge will 
become pus-y, and they'll look puffy, with cellullitis around their eyes, and they'll feel the 
pressure and get headaches. Because there's pus draining towards your throat from your 
sinuses, you'll get nasty breath if you have this, and of course you're blocked up so you 
can't smell. You could diagnose this with a CT scan, or by sending an aspiration of air 
through your pt's sinuses to see if it's blocked, or by trying to illuminate them and you can 
actually see them looking all opaque. Placebos are pretty useful to help these folks: they 
cure 66 percent versus the 80 percent that antibiotics cure. But you should give antibiotics 
to folks with pain and pus that lasts more than 7 days, and you should make them take a 
ten day course until it's gone: amoxicillin-clavulanate, TMP-SMX, cefuroxime, that kind of 
thing. For the symptoms antihistamines and nasal decongestants and just sticking them 
next to a humidifier might help. My pharm teacher says in a lot of cases the humidifier is 
more effective.

Lower respiratory tract infections 

Dude, this is serious stuff. I've heard anywhere from 12 to 17 percent deaths from this 
thing: that's between 1 in 5 and 1 in 10 patients die!

We're talking pneumonia. 

So the bacteria gets into you, usually because you breathed it in. Maybe you coughed it 
down (aspiration, like you breathed in your vomit), got it in your blood (bacteremia), or 
injected yourself with it, but usually you breathed it in the air. Well, you've got tons of 
defenses against the stuff: nasal hair, a mucociliary blanket, IgA from your nasopharynx to 
your bronchi, IgM and IgG in your trachea and bronchi, and surfactant and complement 
and T and B and macrophages and neutrophils all down in your alveoli. So in order for you
to get pneumonia, either you have something wrong with these defenses, or you just took 
in too much organism, or it was just a really strong bug. 

What can ruin your defenses? Viruses, cigarette smoking, alcohol, edema and uremia, 



bleeding, obstruction, and of course systemic medical concerns like corticosteroids and 
immunosuppressive stuffs and sepsis. If your consciousness is altered, it's easier for you 
to aspirate stuff, so there's that, too.

Probable diagnosis: chest radiograph. 

Physical findings: breathing fast, fast heart rate, fever, hypotension, cyanosis, confusion, 
crackles (rales) and ronchi, dullness to percussion, and vocal resonance. Dullness to 
percussion is because your lungs aren't as hollow anymore—now they're full of stuff. That 
makes the crackles and ronchi sound, too, as air is flowing back and forth past all that 
rough irregular stuff. Basically your patient comes in with dyspnea, and looking like he 
can't breathe, and breathing all fast—that's different from obstructive lung diseases where 
he'll breathe all slow and deep—and you hear his lungs are less hollow.

What causes pneumonia? FCARDS! No, FCARDs don't cause pneumonia, but that's the 
best way to remember these. 
Anthrax: pt's been around animal hides or raw wool or animals like pigs, horses, goats, 
and cows.
Plague: You've been around rodents. That includes the cute ones (ground squirrels and 
prairie dogs and rabbits) and the ugly ones like rats.
Tularemia: Bites of infected flies or ticks; tissue or body fluids of infected small animals 
(rabbits, foxes, squirrels) during hunting.
Psittacosis (Chlamydia psittaci): it's an Alfred Hitchcock special, and you get it from birds. 
Remember because birds sit on you. Psit. They psit on you. Thanks CMMRS.
Leptospirosis: Water with animal pee in it, or the animals themselves—that's all the 
livestock mentioned above, plus cats and dogs and rodents.
Coccidioidomycosis: Going to San Joaquin Valley, South California, Southwest Texas, 
South Arizona, or New Mexico.
Histoplasmosis: Bat poop.
Legionnaire's Disease: You're old and you've been around air conditioners or a hospital 
water/humidifier supply that's infected.
Pasteurella multocida: Infected dogs and cats.
Hentavirus: Rodent excretions (including spit!)

When you're diagnosing this, make sure you take the sputum culture before you give 
antibiotics, and then based on the pt's environmental history you'd choose the right stain 
that'll fit what you suspect. Your history is really important here, obviously. When you look 
under a microscope, first you'll look to make sure there's 25 or more neutrophils and 10 or 
less epithelial cells, under low power. Then, under high power, you'll check for ten or more 
gram-positive lancet-shaped diplococci, or any other bugs you find. Stain with gram, acid 
fast, whatever you need to rule stuff out. Gomori methenamine is the silver stain you might
use for pneumocystic carinii and other funguses in immunosuppressed pts. You might also
take a blood culture, and you'd definitely look at X-rays for that probable diagnosis.

X-rays might look diff for different organisms. If it's lobar, it's probably strep pneumonia. If 
it's upper lobes, and you see these bulging fissures, think Klebsiella pneumonia (and also 
think your pt is an alcoholic likely!). If it's central patches of white consolidation, with little 
micro patches elsewhere that could be abscesses and pneumatoceles, think Staph 
aureus. If it's really diffuse everywhere and spotted, like everything is micro-abscesses, 
pseudomonas aeruginosa. If it's consolidated interstitially, often in the lower lobe, think 
mycoplasma pneumoniae. It may be hard to make out specific patterns like this. You may 
just see a big pleural effusion covering everything up, just a big blotch of white. In that 



case, think strep pneumo, staph aureus, klebsiella, or anaerobes.

Strep's the most common community acquired pneumonia, causing over half of the 
patients you see in adults. Patients with dementia and seizures and cardiac heart failure 
and cerebrovascular incidents and multiple myeloma are at higher risk. Other risk factors, 
like not having a spleen or living squished up against a lot of other sick nasty people, are 
kind of obvious. We prevent these with the PCV7 or PCV13 (prevnar) vaccines in kids and 
the pneumovax 23 vaccine in adults.

Staph really liked to attack you after influenza's already weakened your mucosal lining. 
After strep, it's number two post-influenza, but you also see it a lot in diabetics, drug 
addicts, and folks with renal problems. Adults will get yukky abscesses, while kids will get 
these little air-filled cysts in their alveolar walls called pneumatoceles. 1/3 of pts will get 
bacteremia from this stuff.

I talk a whole bunch about haemophilus influenza below on pg. FIXAL. 

Those are the typical pneumonias. Atypical pneumonias are usually when your pt comes
in with a fever, headache, and a dry hacking cough but no sputum, and you don't hear a lot
of crackles and stuff. You won't even see lots of clouding on an X-ray, just some patches 
and streaks. 

Mycoplasma pneumonia is an atypical pneumonia. Mycoplasma don't have a 
peptidoglycan cell wall, only a cell membrane full of sterols that protect them, so they have
funky blob shapes, not like rods or cocci, and you can't fight them with penicillins and other
cell-wall stuff. But erythromycin and tetracyline—ribosome drugs—go straight through 
them, so that's great. This pt will be young, with a headache, sore throat, super-slow fever,
and inflammation of his ear drum called bullous myringitis, where he's got these fluid-filled 
vesicles on his tympanic membrane. This is the number one bacterial bronchitis and 
pneumonia in teenagers! The thing starts slowly, insidiously, and the pt's not going to be 
hacking-gross-sick like in typical pneumonia—it's walking pneumonia. Think a dry hacking 
cough with ear pain. You diagnose this with cold agglutinins and a complement fixation 
test. What's a cold agglutinin? Mycoplasma pneumoniae has some antigens that are the 
same as your RBC antigens. So antibodies against them would also do things to your 
RBCs, right? Certain anti-mycoplasma antibodies will clot blood at 4 degrees C. So you 
take some of the pt's blood, and then put it on ice. If the pt has made antibodies against 
mycoplasma, at that temp the blood will clump, and then it'll unclump as you warm it again.
On cultures, mycoplasma looks like a fried egg, and like eggs it likes cholesterol with that 
sterol membrane, so you gotta give it a medium with lots of nucleic acids and fats. This 
disease “self-limits,” but you can make it go away faster with erythromycin if you want. 

Another gram-negative pneumonia is chlamydia pneumoniae. Gram negative bacilli. Lots
of acronyms to remember here. TWAR (Taiwan and Acute Respiratory) is the serotype, 
and CAD (coronary artery disease) puts you at risk. I read a study that said it was found in 
the atheromatous plaques of young adults with early CAD.4 Diagnose with PCR and 
immunoflourescence. 

We all know about Legionella pneumophila from making all those old folks sick from the air
conditioning vents. This one is a gram negative that moves fast, and also comes with 
vomiting, diarrhea, and liver and renal problems. That's a way you can tell is apart from the

4 Pnas.org. Kuo, CC, et al. “Chlamydia pneumoniae (Twar) in coronary arteries of young adults 15-34 years old.” 
Proc. Natl. Acad. Sci. USA. Vol. 92, pp. 6911-6914, July 1995



other pneumonias—you get the pneumonia with all this GI stuff! Diagnose with urine 
antigens for serogroup 1, indirect flourescent antibodies, and ELISA.

Virus. Most childhood pneumonia isn't caused by any bacteria. Most is caused by viruses. 
In fact, out of all pneumonia, viruses are second after strep. Viral pneumonia will come 
with hemorrhage and diffuse alveolar damage, and inflammation, and lots and lots of 
interstitial consolidation. Remember that: interstitial, viral. More than half of viral 
pneumonias are influenza.

Influenza

Orthomyxoviridae are all influenza viruses that cause ordinary flu. Their cousins, 
paramyxoviridae, cause things that are like influenza, but also cause mumps, measles, 
and respiratory syncitial virus disease. All of these viruses can stick to glycoprotein 
receptors in your upper respiratory tract.

Orthomyxoviridae are spheres with with a capsid inside them that's made of eight 
negative stranded RNA and nucleocapsid protein. They've got an outer membrane with 
some long glycoprotein spikes called hemagglutinin (HA) and neuraminidase (NA) and 
also some M-proteins. The HA sticks to sialic acid receptors on RBCs, and make RBCs 
clump together, so that's why it's called hemaglutinin, but the virus uses it so it can fuse 
and get into your upper respiratory tract cells. NA is for breaking neuraminic acid in the 
mucin barrier of your upper respiratory tract so the virus can get past that sticky stuff into 
your cells. 

The differences in HA and NA are what make influenza A, B, and C different. All three of 
these attack humans, and A also attacks swine and birds. The slight differences in these 
HA and NA things over time are what make different strains and vaccines different, too. 
Every season they're slightly different and it's a little different for your immune system to 
fight them, but it can, and that's antigenic drift. Antigenic shift is when type A trades its RNA
segments with some other animal strain and the HA and NA are now totally different and 
humans aren't immune to them at all. These type A dudes get numbers because they're 
scary, like H1N1, and so on. H1N1 and other strains like that sometimes cause two 
epidemics: the first one, after their wild antigenic shift mutation, and a second one when an
unexposed, safe population of kids grows up and experiences the scary strain for the first 
time. 

The flu can hurt you by damaging your respiratory layer and leaving you open to bacterial 
infections. Staph aureus pneumonia might follow viral influenza. Strep pneumo can do 
that, too, especially in the elderly. You don't usually get a powerful primary pneumonia from
influenza—it's mostly upper respiratory tract—but folks who have higher blood pressure in 
their capillaries might get a really bad primary pneumonia from influenza (folks with mitral 
stenosis, or women in their third trimester of pregnancy). Remember, it normally doesn't 
cause a pneumonia, just that fever flu thing with myalgia, chills, cough, and malaise. Other
possible complications include myocarditis, pericarditis, Guillan-Barre, and other 
neurological problems a few weeks after the flu leaves.

How can we diagnose the flu? Rule out other things based on pt history and local 
epidemiology, or use PCR and immunoflourescence. One disease that's similar to 
influenza, but isn't influenza is Pontiac fever, which is a Legionella pneumophila disease 
with headache, muscle aches, fatigue, fever, and chills that goes in the air conditioning 
system (hit 95 percent of the Pontiac, Michigan County Health Dept). In Africa the Lassa 



fever virus from arenaviridae family also causes something similar to a flu. Hentavirus 
starts with flu-like symptoms, and you should think about it in young adults with pulmonary 
edema, because it can kill you. Influenza's typical cough usually helps you distinguish 
between influenza virus and lots of other things. The parainfluenza virus will cause 
something like upper respiratory infection and flu, but also pharyngitis, sinus congestion, 
and pneumonia and croup, with wheezing stridor and a barking seal cough, if that helps 
you distinguish. Adenoviruses, chlamydia psittaci, mycoplasma pneumonia, and francisella
tularensi can also cause stuff that's similar to the flu, but they're more respiratory than 
anything else, and they've each got their own special environmental things going on.

When you treat kids with influenza you gotta give them acetominophen, NOT aspirin, 
because aspirin gives them Reye's syndrome where their livers and brains break 
suddenly and we don't know why. Aspirin! We mostly treat influenza by prevention, with 
vaccination, mostly by growing influenza virus in chick embryos and then guessing which 
strains, as they evolve, are going to be most dangerous (so folks who are allergic to eggs 
shouldn't get the flu vaccine). In years where the guessing worked, and the virus vaccine 
matched the subtype, the vaccines were 70 percent or more protective against the flu. 
Amantadine and rimantidine are both drugs that can keep influenza A from uncoating, 
which is preventative and can decrease the amount of influenza in your body but of course
can't help you once the virus has already uncoated. Sanamavir, an inhalant, and its oral 
version osetalmivir inhibit neuraminidase. Neither of these kill the virus, but they're 
preventative and keep symptoms from getting worse.

There's another kind of influenza I've always been confused about. What does the bacteria
have to do with the virus? Well, Haemophilus influenzae is a gram negative rod that 
loves blood and needs it in its cytochrome system, and needs NAD for its metabolic stuff. 
It attacks people who are injured by viral influenza. It actually doesn't cause the flu—
people thought it did because they cultured it in folks who'd had the flu—and is actually 
opportunistic after the flu. It needs people to survive because we have blood. There is a 
kind that has a special b capsule, and that is really bad and can cause invasive meningitis,
epiglottitis, and septic arthritis. B=bad, says CMMRS. H. influenzae without the capsule 
cause only local respiratory tract infections, like pneumonia, and otitis media. They like it if 
you screw up your lungs with smoking or influenza virus, of course. They also like it if 
you're a little kid. There is a window from 6 months to 5 years where infants are really 
susceptible to Haemophilus influenzae because little babies don't make their own 
antibodies. The ones they get from their mom only last six months, and it takes kids like 3-
5 years before they start making their own to H. influenzae!

The bad scary capsule kind of H. influenzae is the main cause of meningitis in young kids. 
But they don't get stiff necks, just fever and vomiting and confusion kinda stuff, and even 
though only about five percent of kids with influenzae meningitis die, up to half of them can
still get seizures, language delay, deafness, and other mental problems. That's because 
even when you give antibiotics to save the baby's life, the dead bacteria explode and 
release antigents like LPS lipid A that make your immune system go crazy and destroy 
your neurons. Give steroids 15-20 minutes before giving antibiotics to calm your immune 
system down before that happens. 

This bad scary capsule H. influenzae can also make your epiglottis get infected and swell 
and clog up your esophagus and respiratory tract (epiglottitis). You can't even swallow your
spit! Don't touch the larynx of a pt with this big cherry epiglottis, because then they'll 
spasm and not be able to breathe at all.



H. influenzae b (the scary kind) is also the most common septic arthritis in infants. Usually 
it just hits one joint, and you'll see pleomorphic gram-negative rods in synovial fluid. H. 
influenze b can cause a sepsis that hits any kids, but kids without spleens or with sickle 
cell disease are most vulnerable. 

Treat H. influenzae with a third generation cephalosporin like cefotaxime or ceftriaxone. 
We used to treat with ampicillin or amoxicillin, but there's a plasmid the little bugs have 
been passing around to protect themselves from that—30 percent or more are immune 
with penicillinase—so now we only use that for ear infections. Cefuroxime (a second-gen 
cephalosporin) is really good for the pneumonia stuff because it knocks out both H. 
influenza and the Strep pneumo bug that causes most pneumonia, so if you don't know 
what your bug is it's a nice one, and it also hits H. influenzae sinusitis and otitis. There is a 
new Hib vaccine made of H. influenzae type b capsule and diptheria toxin (to wake up the 
T-lymphocytes) that you can give at 2, 4, and 6 months.

Macrolides (thromycins) and TMP/SMX may also be good against H. influenzae for 
pneumonia.

Anaerobic pneumonia is scary, because it might require a thoracotomy! You get it 
because you were drunk, or had some other altered consciousness that made you 
aspirate these guys who aren't normally in the air. It starts slowly, with malaise, anorexia, 
and a productive cough that about half the time knocks up this really nasty foul-smelling 
sputum. It'll start in the bottom, in your lowest lobes where you swallowed that stuff you 
shouldn't have, and then eventually it'll cloud the whole lung X-ray. This is a restrictive 
disease, right, because it's all in your pleural space, between the chest wall and the lung. 
That's because once you get the bacteria down in your air-filled lung, it's like “OMG AIR 
GET ME AWAY FROM THE AIR HELP” and it goes into your pleura instead. That pus in 
there needs to get out, so you might make a hole in the pt's chest and suck it out. You 
might check first with a thoracocentesis, and if the fluid you get out has a pH more acidic 
than 7.2, a glucose less than 60 mg, and bacteria, you keep a chest tube in there to drain 
it. 

Sometimes you get weird pneumonias from ventilators in hospitals. It's actually better if 
you get your infection within four days of going on the ventilator, because that means it's 
probably a bug you can treat with antibiotics. Since you're in the hospital, and probably on 
something already, a bug that shows up after five days is more likely to be a bug that's 
survived hard stuff around you for a while, something that's drug-resistant. It took its time 
because it was getting strong. The late ventilator pneumonias are gram negative bacilli like
p. aeruginoa, klebsiella pneumonia, e. cloacae, and a. baumanii, all multi-drug resistant, 
as well as the multi-drug resistant staph aureus (MRSA). Legionella might show up in this 
category, too (it's g-negative btw). The early ones are all the community pneumonias we 
already talked about, plus proteus, enterobacter, and s. marcescens. Basically if it's not 
one of the typical ones we already talked about, and it looks like the pt got it from a 
ventilator, you can guess they got it after five days. Klebsiella could be in either category. 
It's PKEAML for the after five days scary dudes. It's a cry for help from your patient: Please
Kill Each Anti-Me Loser causing this infection! 

Klebsiella pneumonia makes carbapenemase and a bloody sputum. It's really mean and 
nasty and likes to eat up your lung tissue to make cavities! That's why it kills you a lot, 
despite antibiotics. The sputum it makes looks like red currant jelly, they say, with lots of 
stringy appearance on culture. This bug is red because its O antigen capsule is red. It can't
move around (no H antigen). BTW, in addition to pneumonia, this bugger is the second 



most common cause of hospital-acquired sepsis, and causes UTIs if you have a Foley 
catheter. Nasty stuff. Don't drink alcohol, this might happen to you.

Pseudomonas aeruginosa prefers to attack folks who have immunodeficiencies. It is 
super-everywhere and resistant to almost everything. It's gram-negative, it doesn't ferment
lactose, and it needs air so bad to live. It will turn the infection greenish-blue because it 
makes green flourescein and blue pyocyanin, and it smells like sweet grapes. Ew! It 
makes exotoxin A, which stops protein synthesis, and some pseudomonas also has an 
antiphagocytotic capsule that helps it escape and stick better to your lung cells. CF 
patients have a chronic pneumonia because of this jerk. You also have to worry about 
cancer pts and ICU pts. Pseudomonas also causes about every other infection under the 
sun in all your other sick patients, so yeah, we hate this dude, and we try hard to kill it with 
a penicillin and an aminoglycoside put together, like piperacillin and gentamicin.

Pneumocystis jirovecii (used to be called carinii, but that name's now used only for the 
species that attacks rats) likes to attack folks with HIV. You might fight it back with 
TMP/SMX, which is especially good at preventing pneumocystis carinii pneumonia 
(dropping cases in AIDS pts by 60 percent). You could also give pentamidine. This bug is 
actually a fungus that looks like a flying-saucer. People have also called it a protozoan 
before. We all have it living in us, and CMMRS says about 85 percent of kids have had a 
mild or asymptomatic respiratory infection with it before they turn four! And that's okay. We 
live well together, us and Jiro. But AIDS pts don't: it's the most common opportunistic 
infection that kills them, and about 80 percent of AIDS pts will get it at some point. Look for
weight loss, chest tightness, tachypnea (restrictive disease), and signs of AIDS (swollen 
lymph nodes, risky sexual activity in the past).

We talked a lot about pneumonia. There's another infection you should know about: 
sudden, acute bronchitis. This one is like pneumonia, but the patient will have wheezing 
instead of rales and crackles, and they'll have a productive cough for 1-3 weeks—but it 
starts with fever, malaise and myalgia. What's that sound like? The flu! Yup! Influenza is 
the most common cause, followed by respiratory syncytial virus, and mycoplasma 
pneumonia. It's just a different infection with those same guys, where instead of having a 
whole bunch of infiltrate and goop in your pneumonia lungs, down in your alveoli, you have
the problem up in your bronchi, and you're wheezing through an obstruction.

Tuberculosis

Tb is another special topic. Tuberculosis is the leading infectious disease killer worldwide, 
says Dr. Martinez.

Mycobacteria that cause tuberculosis include M. tuberculosis, M. bovis, M. africanum, M. 
microti, and M. canetti, and you can detect them all with Kinyoun/Ziehl-Nielson/Acid Fast 
stain classically, although fluorescent staining's more sensitive. Acid fast smears are about
75 percent sensitive in normal folks with Tb, which means there's 25% of samples you 
might miss or get false negatives, and that sensitivity is lower in HIV infection. Acid fast 
works best for sputum, and has lower sensitivities (like down to 25 percent) in other 
tissues. If you run a DNA PCR amplification test instead, you might get false positives in a 
patient with old Tb and contaminations. Mycobacteria is also niacin positive and heat 
sensitive, and it's a nitrate reducer.

Of course, the actual clinical test we use is PPD, as you know. It works because you get
a cellular immune response after you're infected with Tb, so when you inject the antigen 



you can SEE a response in the area of the injection because the body recognizes those 
antigens and doesn't like them. A negative test happens because the body doesn't 
recognize those antigens as a problem, and doesn't make a big inflammatory response in 
that skin area. This test is 90 percent sensitive for folks who have a 10mm induration, and 
folks with a 15mm induration almost 100% have Tb. But we start calling it positive once the
induration is greater than 5 mm. If your induration is more than 5mm, then if you have HIV, 
an apical scar on X-ray, organ transplantation, recent contact with pulmonary Tb, or 
immunosuppression, we will treat you like you've got Tb, because you're at-risk. If you're 
taking more than 15 mg/day of prednisone for one month or more, or TNF-alpha 
antagonists, you qualify as immunosuppressed for these purposes. If your induration is 
more than 10mm, then we consider you have Tb if you've got other diseases, as well, like 
silicosis, diabetes, chronic renal failure, leukemia, lymphoma, carcinoma, gastrectomy, 
jejunoileal bypass, or weight loss over than 10 percent body weight. We also include being
a recent immigrant from a high prevalence country, being a drug user, or being a Tb lab 
worker a risk factor in this category. If your induration is more than 15 mm, then risk factors
no longer matter: you have Tb. Make sure you measure the induration, not the red mark.

The infection starts as a droplet of about 1-5 microns that you inhale into your lower lung 
fields. Your activated macrophages eat the bacilli in that droplet, and then the bacilli kill the
macrophage. Then they're released in greater number, and they spread eventually to your 
hilar lymph nodes, and then to your whole system. Your cellular immune response (Tcells 
and such) is what responds to this, since macrophages don't work, and that takes bout 6-
12 weeks. Most infections actually do get controlled by that immune response, but then the
bacilli will keep living in you until you get weak and they get a chance to kill you bwahaha.

Actually for real that's scary stuff bro. Your pt will have symptoms like a poor appetite and
anorexia and fatigue, and in their lungs they'll have chest pain, cough up blood, and their 
coughs will be prolonged like in bouts of four. Night sweats and pallor is a big one. That's 
the primary infection. 

Those are the main symptoms, but in bad Tb you could have other symptoms too. It could 
spread outside your lungs and become extrapulmonary Tb. This happens if the bacilli 
spread before your immune system could control them. The spreading happens first in the 
lymph nodes, then out through the pleura, then into your bones and joints, and then into 
genitourinary, abdominal, and meningeal areas. Miliary tb is when the Tb erodes the 
pulmonary veins or the extrapulmonary Tb gets into veins, and then it's all over your body 
everywhere and that's really bad. When it gets into your genitourinary tract you can get 
infertile, but really that's the least of your worries since you have calcifications everywhere,
especially in your lower thoracic or lumbar spine, with abscesses and stuff, and palsies in 
your brain, and lymphocytes all up in your CSF (high protein, low glucose). 

You're more likely to see the extrapulmonary disease in HIV patients, and you'll see the 
pulmonary disease more often during the primary disease (EXTRApulmonary is more 
common in reactivation). Why do you see less positive skin tests in HIV, then, if these 
patients have Tb all over their bodies? Because the skin test relies on the CD4 cells and 
the cellular immunity. They don't have much of that going on, so they have less positive 
tests. 

When your HIV pt is on meds, there might be a focal worsening of their Tb lesions called 
Immune Reconstitution Inflammatory Syndrome. So basically you give them meds, 
and they have more inflammation, so the lesions of Tb get worse. This is because their 
immune system is being kicked up with the meds—or you're trying to make that happen 



anyway—and it becomes kind of violent in focal areas. This can happen when they're not 
on HIV meds, but it's much more common while they're on meds, so that up to 30 percent 
of HIV patients on HAART who get Tb will have immune reconstitution inflammatory 
syndrome. They might have lesions in their heads, lymph nodes, pleura, and skin. This is 
painful and frustrating, but it's because the therapy is working, and you shouldn't stop the 
Tb meds because you don't want them to die of Tb. You could use steroids, in the worst 
cases, to calm down the immune system while you keep killing the Tb with the Tb drugs 
and the HIV with the HAART drugs. This also happens with M. Leprae in HIV patients.

In someone with a normal immune system, the lifetime risk of getting an activated Tb 
infection after you've inhaled it is about 5-15 percent, and it's most likely to recur within 
the first 1-2 years after infection. In a patient with HIV who isn't taking HIV meds, within 3-6
months of making contact with Tb bacteria 30-40 percent of patients will get the active Tb. 
With a latent Tb infection they've got a 3-10 percent risk per year of it swelling into full-
blown tuberculosis.

We already talked a bit about diagnosis, but what if you need to diagnose someone who 
had one of those previous vaccines? They'll come up positive, even if they don't have 
Tb, because their bodies have already made antigens. You can check them with 
interferon-gamma release assays called T-SPOT.Tb, which checks for proteins that aren't 
in the vaccine or non-tb mycobacteria. This is as good as the PDD test. It's also 
abbreviated the IGRA test. 

Treatment: You use multiple drugs at once right away, because you're really scared of 
resistant Tb. If you start to fail, you don't just add one drug to the failing regimen, because 
that's like training ground for the Tb bug to become resistant to that drug too! You have to 
start all over with a new batch of drugs if you're failing. 

Your firstline drugs are Isoniazid, Rifampin (Rifabutin/Rifapentine), Pyrazinamide, 
Ethambutol, and maybe Streptomycin. Your secondary drugs are Aminoglycosides, 
polypeptides like capreomycin, flouroquinolones, thonamides like ethionamide, 
cycloserine, P-aminosalicylic acid, and other like macrolides, linezolid, and arginine. You 
treat differently based on whether you have culture-positive Tb or not. If you have culture-
positive Tb, you use RIPE for the first two months: rifampin, isoniazid, pyrazinimide, and 
ethambutol. Then, if culture's still positive OR you see cavitation on X-ray, use just 
isoniazid and rifampin for four more months (total 6 months). What if you see BOTH a 
positive culture AND cavitation on X-rays? Then you use isoniazid and rifampin for total of 
9 months treatment instead of 6.

What if your patient has symptoms, but they're culture-negative? If clinically it really 
looks like they have Tb, start therapy before you get the cultures and acid-fast smear. 
After two months of RIPE, if they've improved at all, give two more months of isoniazid and
rifampin. If they haven't improved, then switch to another suspicion of diagnosis. If 
clinically it really doesn't look like they have Tb, but they don't improve two months 
later, then start Tb treatment then.

In pregnant women, you should wait to treat them for Tb until they've delivered, unless 
they're in a high-risk category, or they're a converter. What's a converter? It's when you've
got an increased in the induration by 10mm. Then you're high risk.



When you treat HIV Tb, it's exactly the same except you shouldn't use rifapentine. 
Rifamycin also interacts with antiretrovirals, and of course we're afraid of IRIS, that 
inflammatory reaction thing we mentioned. It would be nice to clear the Tb before we start 
on antiretroviral therapy, if this is a new HIV patient. You have to weigh the pros and cons 
to each, and there's debate on how to deal with IRIS. It's not good to use the therapy twice
weekly in HIV infections with CD4 below 100, because it's easier for the Tb to become 
resistant with such a low immune system—from what I'm reading, that indicates you need 
the Tb therapy to be more than twice a week.

Resistance is scary stuff. Less than 1 percent of Tb cases become multi-drug-resistant, 
says Dr. Martinez, but there are a lot of those in the former Soviet Union, sub-Saharan 
Africa, and parts of South America. The definition of MDR TB is quinolone resistance with 
resistance to at least one injectable agent.

How do you treat that Tb that's already gotten out into your body? The same way, 
with the same drugs, for 6 months, except that if it's gotten to your CNS you need to treat 
with 9-12 months and steroids, and if it's in your bones and joints it's 6-9 months. 

Interferon gamma is a really important way your body tries to fight mycobacterial 
diseases. Interferon gamma activates macrophages, which makes them make TNF-alpha, 
which makes them help get your cellular immunity to come running. Folks with autosomal 
recessive interferon-gamma deficiencies are more likely to have disseminated 
mycobacterial infections early in life. Autosomal dominant deficiency is less severe, but 
those folks do get osteomyelitis in late childhood or adolescence.

end micro

Hemorrhagic Fever

Dengue, Lassa Fever, and Ebola are all hemorrhagic fevers. These diseases come from 
RNA viruses with a lipid-enveloped coating. Combined, they've got a 20 percent mortality 
rate, and there aren't cures or therapies for these fevers. Except for Dengue, most of these
lipid-enveloped hemorrhagic-fever-causing RNA viruses don't use humans as a natural 
reservoir—in other words, these diseases come from animals. 

Dengue travels via Aedes aegypti family mosquitos, and humans are the only place it can 
live and divide (the only reservoirs). The dengue virus starts in a sick person, then gets 
taken up by a feeding mosquito during the sickness period (the window of infectivity is 
about seven days). Then for about 4 days, days 8-12, the virus incubates inside that 
mosquito. That's the extrinsic incubation period. Then the virus gets into a new human. It 
doesn't make the new human sick right away—it has an intrinsic incubation period of about
eight days (days 12-20). Then the person is sick and transmissible for about a week, and 
the cycle continues.

You could theoretically get dengue from an organ transplant or a red blood cell infusion, or 
from your mother during childbirth, but usually you get dengue from mosquitoes. Unlike a 
lot of other mosquitoes, Aedes aegypti prefers to eat you during the day, and it likes to 
make eggs and larvae and pupae in artificial containers—so it really likes being around 
people. Only the girl mosquitoes drink your blood. Boy mosquitoes just have sex and eat 
flowers and fruits. In temperate regions, you'll see it in the summer, but in tropical areas, 



while it is increased during the rainy season (winter), it's actually there all year around.

There are 4 serotypes of Dengue, which is one of the reasons a dengue vaccine hasn't 
been developed adequately: it's hard to develop a vaccine that deals with all the 
serotypes. 

5 serotypes of ebola

Infectious Mononucleosis

Zoonosis

SARS was a completely new infections.
Dengue was an infection that reappearedin an area of South Florida 
Old infections become resistant to antibotiocics, like staph aureus.

Acinobacter made them close hospitals in Puerto Rico

We don't well-know all the zoonotic diseases. Wethink elephants might maybe have tb and
spread it to humans but we don't know for sure.

Zoonosis doesn't includefish and reptile toxins, allergies to vertegrates, or diseases where 
animal-derived food serves as a vehicle. Also zoonosis can't be those that depend on the 
human host for part of the pathogen's life-cycle, so like malaria and schistosomiasis, river 
blindness and elephantiasis (depends on the textbook, some include this others don't)

bats carry rabies 
cats plague anthrax copox, tapeworm, bacteria 
dogs carry plague, tapeworm, rabies, rocky mountain spotted fever, and lyme disease 
horses carry anthax, rabies, salmonella 
cows carry anthrax, european tick-borne encpehaplitis, rabies, tapeworm, salmonela, and 
bacteria and viruses , like cryptosporidium
pigs carry tapeworm, antrhax, influenza and rabies  
sheeps nad goats carry rabies, european tickborne encephlitis, salmonealla, and bacteria 
and viruses 
rabbits carry plague and q-fever 
birds carry campylobacteriosis, chlamydia psittaci,pasterurella multocida, histoplasma 
capsulatum, salmonellosis
rats can give you rat bite fever

some zoonosis have special exposure rules
travelling to malaysia can give you the nipah virus 
being a wildlife biologist can give you hantavirus 
going to australia can give you hnedra virus 
unpasteruized dairy can give you listeria

some zoonosis is caused by paraistes
parasites can be treamtodiasis, echinococcosis/hydatidosis, toxoplasmosis, and 
trichinellosis, study what these are
pigs can also carry a parasite called cysticercosis or taeniasis which the parasite infects 
the pig and causes seizures ,headache, and other stuff in humans, you can see the larval 



cysts in the patient's brain FCARDS of pictures

some zoonosis is caused by fungi 
cryptococcosis, histoplasmosis 
dermatophytes 
sporotrichocis rose garderner's disease comes from cats not just roses

some zoonosis is caused by viruses 
rabies
avian influenza
crimean-congo hemorrhagic fever 
ebola 
rift valley fever

zoonosis caused by bacteria 
q fever is caused by coxiella something
salmonella 
campylobacteriosis
anthrax
brucellosis 
leptospirosis
listeriosis
plague
 shigellosis
tularemia

yersinia pestis has to cycles, the urban and sylvatic, likes to travel through the 
the urban cycle is when you get it from an urban source like your house because rats
the sylvatic is when you get it from hunting or camping or seeking out wildlife 
the plague could be bubonic, which is lymphanodepathy where you've got HUGE buboe 
swelling on your lymph nodes, your lymph nodes might bleed and have pus falling out
septicemic is a possiblity 
pneumonic is when you get it all in your lungs seeded and causing pneumonia, you can 
transmit it through the air after this point, it's only infectious from person to person after the
pneumonia part, that's how it was spread during the bubonic plague they used to protect 
themselves by wearing these beaks they would put these smell things in the beaks so their
work didn't stink so much
when you transmit it from person to person the clinical presentation will be much faster, 1-
3 days, after a flea bite it's 2-7 days, much slower
with both pneumonic and bubonic you get fever and hedache, with buboni you get malaise
too and also nausea and vomiting and joint pain, while the pnuemonic is very lung with 
muscular not joint weakness

why is yersinia pestis so powerful
it is a non-motile, non-spore-forming, pleomorphic, bipolar staining, gram negative bacillus 
enterobactericaie with a capsule encoded by the F1 gene 
complement is important to help phagocytosis of things with capsules 
yersinia can prevent this by being resistant to Pla gene which degrades C3b and C5a and 
fibrin clots so you can use complement system. So it stops the complement 
it also has Yops—yersinia outer proteins—that are type III secretion systems and cause 
apoptosis in macrophages 
it also suppresses cytokine production



plague is more common in the southwest, with some incidences in california, the west, 
colorado, those areas
just avoid dead or sick rodents in those areas 

to diagnose this you need to ask everyone with fever and painful lymphadenopathy if 
they've travel to southwetstern us, and ask about rats in the past ten days
gram stains from the buboes will show bipolar-stianing gram-negative bacteria, you could 
stain the bubo aspirate or blood or sputum but you need to war nthe laboratory to be 
careful so they don't get plague too

to treat plague you give streptomycin, alterantives are tetracycline, chloramphenicol, and 
sulfonamides
if you're exposed to pneumonic plague, you can give chemoprophylaxis of tetracycline so 
you don't get all sick 
you only give the formaline-killed plague vaccine for high-risk occupations because 
dangerous

another disease is francieslla tularensis which is also called rabbit ferver or glandular 
fever. It's called tularemia because it comes from wild animals in tulare county, california, 
and it's called francisella because edward francis helpd find it.
You get it from bunny rabbits or ticks or deerflies (you could also get it from cat scratches); 
while it's a worldwide bug its most virulent forms come from Noth America, most commonly
in south central US, pacific northwest, and parts of massachussets.

it's a high fever with lesions and stuff and it's plaguelike 

how does it make you sick? It's a small, non-motile aerobic gram negative coccobacillus 
that likes to live inside your cells. It needs cysteine t ogrow, which your cells have, and in 
about 2-10 days after you've infected you might see tiny transulcent colonies in your 
macrophages. It's a tough bug that can live in water, mud, animal carcuses, or 
macrophages because it's got a capsule, it keeps phagosomes and lysosomes from 
fusing, it's got endotoxin, and it doesn't let your blood kill it either. 

From the ppt study the rest of this stuff 

Of the kinds of b b melitensis is the most severe, and canis is the softest they're arranged 
on the slide by meanest to nicest

Leptospirosis

Transplant-Related Infections

When we divide transplant-related infections into stages of early (<one month), mid (2-6 
mos), and late (>6 mos), this doesn't mean that the infections that might attack them the 
first month suddenly won't attack them the second month. These months aren't rigid 
dividers. As you continue becoming more and more immunosuppressed, you cumulatively 
accrue risk. Some infections are more prevalent in different stages. In the first two phases 
you're kind of sensitive, like an HIV patient; in the later phase as your immune system 
stabilizes it behaves more like you're a normal person. That's the engraftment or post-
engraftment period.



In early infections, the month after transplants, the major infection will be surgically-related
—so these tend to be nosocomial infections. The major complication with hematopoietic 
stem cell transplantation is that you are controlling the immune system so much. A lot of 
times patients won't have fevers, because the immunosuppressants keep them down. If 
there IS a fever, you think there's an infection until you prove there isn't one—a fever could
signal an organ failure by itself! It could be a rejection fever.

Lots of other things like drugs and stuff can cause a fever. Pain and the patient holding 
their breath and not breathing and having atelectasia can cause a fever.

In solid organ transplants infections obviously target the organ transplanted, where the 
immune system is weakest. Kidney transplants-->UTIs. Pancreas transplants--
>peripancreatic inflammation. Liver transplants-->intraorgan abscesses. Lungs--
>pneumonia. Heart-->mediastinitis. Skin/GI infections will be nosocomial infections only, 
not patient flora. Look for wound infections, intravenous cathethers, drainage sites, and 
other places infection could get in. After 24 hours lying down, 90 percent of your skin and 
GI flora has been replaced by hospital flora; it's 85 percent after 12 hours. Hospital 
residents who are all running around and working and stuff don't get all their flora replaced 
like this, just some of it.

In those kidney UTIs, you should look for enteric gram negatives, enterococci, 
staphyloccoi, and pseudomonas. Enterococci like to live in hyperosmolar areas, so they 
often grow easier in UTI than pseudomonas. In the pancreas, you should look for enteric 
flora in the peripancreatic fluid. In the lung you should look for nosocomial gram negative 
bacteria and H. flu (but also staph aureus and pseudomonas too). In the liver, that abscess
might contain enteric flora and VRE—vancomycin resistant enterococci. 

Viruses like HSV1 or II, and epstein barr, can also be a problem. They're not organ 
specific, and they cause an increased mortality rate from pneumonia or mucositis. There's 
a rare risk of encephalitis, too. OKT3 is used to arrest T-cells in the medulla in early 
maturation—it's a immunosuppressant we use early on in the post-transplant phase. It 
really predisposes the patient to these viral infections.

Fungus, one word: CANDIDAAAA

If you've had an hematopoietic stem cell transplant it's often easier to take them quickly 
out of the hospital and send them home—so that means they're more likely at risk for 
community-acquired infections. You should consider HSV, candidemia, aspergillosis, and 
pseudomona just like you would for nosocomial, too, of course. The patient's level of 
neutropenia tells you how they'll do against infections, of course. The patient will back 
come in to an outpatient center with a fever—fever's sometimes the ONLY indicator. If they
don't move a lot like they should they might also get pneumonia and UTI. In the indwelling 
catheters and central lines (PICC lines) they might get infections.

During the mid period is when you've got the most intense immunosuppression. Here's 
where you get the big opportunistic infections for your solid organs: listeria, herpes, 
pneumocystis carinii, aspergillus, strongyloides, toxoplasma gondii, all the AIDS-type 
infections. Cryptococcus, histoplasmosis, coccidiomycosis, blastomycosis, M. Tbc—all the 
environmentally-relevant stuff about geography and bats and stuff matters here. You could 
even see things like a Karposi's sarcoma, but not so common because that Herpes Type 8
is really only acquired through fecal-oral-insertive pathways. Strongyloides is interesting 
because the parasite can carry gram negative organisms on its back—so a patient who 



has a gram negative pneumonia, but hasn't been in the hospital or anywhere you'd expect 
to see gram negative pneumonias, you might think of strongyloides. 

Listeria is most common in the early days of this mid period, and comes from 
contaminated food and causes diarrhea. May spread through the blood stream and cause 
brain abscesses.

Virally, think CMV and EBV.

CMV reactivates from infected monocytes—so these patients often had it in them already, 
or they got it from a donor who was seropositive. OKT3 pre-disposes you to CMV risk. If 
you've been re-transplanted, you're also at more risk, and if you had hepatitis you're at 
greater CMV risk. When you get CMV, you might get a mono-like syndrome, or you might 
get something specific to the organ (like pneumonitis for the lung, or hepatitis). This can 
cause allograft rejection from the kidney, heart, or liver. You diagnose it with an 
antigenemia test, before 24 hours, or a shell viral assay after 48 hours. The gold standard 
is to take cultures. You can treat CMV. You could use gancyclovir for that. You have to 
worry about neutropenia, though.

There isn't treatment for an EBV. The body usually deals with it, and usually you got it like 
during your teenage years, and it goes to sleep in your body until you become immuno-
suppressed. That would be a secondary infection. 

Fungus like candida and aspergillus might even cause necrosis of the skin. CANDIDA 
FIRST

Toxoplasma gondii will be attacking any organ except RBCs because it needs nuclei to 
survive.

In hematopoietic transplants once engraftment is over the lymphocytes are still 
dysfunctional. This is where you could get graft vs. host disease, and it's also where you 
could get CMV pneumonitis. That's got 50 percent mortality! Even with treatment.

Aspergillosis replaces your Candida as the main fungal pathogen here (remember in solid 
organs during this middle phase Candida is the main pathogen).

Once you get to the later phase, you're almost home free. The major concern is 
chronically-rejecting patients, or chronically virally-infected pts. CMV and EBV! And that's 
going to affect them on and off. Watch out for Influenza and RSV too. Vaccines are 
important in these patients. At this point CMV might cause retinitis. Viruses! You might get 
pneumonias at this stage, and you have to worry about salmonella in folks with renal 
transplants. This salmonella came from enteric/GI sources. 

Bioterrorism

Malaria

Once Malaria gets in your body, it's a sporozoite. It goes to your liver, and it can either hide
in your hepatocytes latenet for months, or after a few days it could leave the liver to infect 
your erythrocytes. Once malaria invades your erythrocytes they form a ring, then a 
trophozoite, then another shizont. Schizogony is the asexual reproduction cycle. It takes 
about 72 hours for P. malariae, and 48 hours in other kinds of malaria. The shizonts 



become merozoites that burst out of the RBC to infect other RBCs.

Then when a mosquito bytes you it sucks up those merozoites as gametocytes, and those 
become sporozoites to infect other people. Only some merozoites become gametocytes. 
Those gametocytes can be male or female. 

P. vivax and P. ovale are the forms that prefer to remain dormant in the liver for months or 
years. They are the major exoerythrocytic forms. The name of the stage they are at when 
they sleep in the liver is hypnozoites. When they eventually rupture the liver cells they 
cause malaria relapses. P. ovale is called that because they make your RBCs look like 
ovals.

A patient with malaria will get periodic fever spikes. It's so regular you can actually predict 
when the patient will have fever. This is helpful for P. vivax and P. falciparum and P. 
malariae to survive—they want you to have those fever spikes so they can have their 
reproduction temperature cycling. Falciparum attacks every erythrocyte it can, while P. 
vivax only attacks the mature ones. Falciparum has a gradually dropping fever spike series
—like you have daily fever spikes, not all organized every two or three days like P. vivax 
and P. malaria. P. falciparum is more poisonous and has more mortality because of these 
things.

Malaria symptoms alternate between hot malaise and a cold period that lasts minutes to 
two hours. This cold phase is right before the fever spkies. The patient will have cold skin, 
cyanosis, and will just be cold. The hot period will bring tachycardia, warm, dry skin, 
tachypnea, dry cough, severe headache, backache, ab pain, nasuea vomiting and 
delirium, and the temp can go up to 40 degrees C.

When you're doing the physical exam check the spleen because it can rupture, and be 
careful. They will have painful/tendr hepatomegalia, histericia (jaundice), urticaria, 
petechial rashes, conjunctiva suffusion, hemorrhage like from the lungs, and pulmonary 
edema. 

Falciparum causes extra complications because it can give you hypoglycemia. That can 
mess with your glycogenolysis. We give them dextrose to help deal with this.They start 
sweating, and sometimes they don't respond or they convulse because the sugar is so low.
If we give 50 percent dextrose and they don't respond we have to figure out why. The 
hemolysis cancause severe bleeding. They can get lactic acidosis and more anaerotibc 
glycolysis because they don't have tons of oxygen because they are rupturing all their little
oxygen carriers. This lack of oxygen will hurt the kidneys and lungs.

Cerebral malaria is the worst. Death rate is 50 percent. This is when the parasitized 
erythrocytes get all stuck in your cerebral capillaries. Well one reason giving dextrose 
might not stop the convulsions and stuff is if they've got cerebral malaria. If you've got a 
bunch of blood cells that don't carry oxygen all stuck in your brain well then you aren't 
getting any oxygen up there and it's a problem. You'll see convulsions maybe, focal 
neurologic deficiency, and they'll become somnolent or go into a coma. 

A patient with falciparum you need to examine their eyes daily. If you see a dot at any time,
that's an indication that the patient can in hours go into cerebral malaria. That's the first 
place, you see, where you see the clump of parasitized erythrocytes, is in the eyes.

Folks with G-6-PD deficiency actually have an advantage against malaria because they 



need G6PD for their metabolistm. Sickle cell causes premature death of which form 

You diagnose malaria with blood smears—thin and thick Giemsa stains—and checking 
indirect hemaglutination. Shoffer's nodes are the little vesicles you will see in the 
erythrocyte that's infected. The dotted ones with lots of bands are more plasmodium vivax.
The more goopy cytoplasm, with no Shoffer's dots, and really pretty schizonts that look like
marbles arranged around a yellow gem, that's like plasmodium malariae. Another kind 
you'll see shoffer's nodes but the RBC will have little projections outside, and will be oval 
shaped, and this is plasmodium ovale. Finally you might see ring forms with two little 
points of chromatin on them. That's the dangerous falciparum.

You really quickly want to kill all the asexual erythrocyte parasites. You also want to 
prevent relapses of vivax and ovale by destroying hypnozoites. Of course DDET helps 
prevent mosquitoes from biting you, that's nice. 

Pregnancy puts you at higher risk for severe malaria, and you should take prophylaxis in 
areas where malaria are. You should also use bed nets treated with pyrethroid. They used 
to give you chloroquin, but not anymore. Now you give Mefloquine for one week before 
until two weeks after they're going to be in the area.

To treat P. vivax and Ovale you give chloroquine and primiquine. You can't do this in G6PD
patients because they might get hemolysis. The primiquine is to kill the hynpozoites. This 
stuff is contraindicated in pregnancy, this primiquine.

P. falciparum or P. malariae might be sensitive to chloroquine. You have a lot of falciparum 
that's resistant to chloroquine though, so you give quinine sulfate instead and doxycycline. 
You can't give the doxyccyline in prengant women or kids under 8, and of course quinine 
will kill pateints who are on beta-blockers or have other cardiac problems. Atorvaquone is 
for Malaron.

When your patients are travelling you might give them chloroquine if they're going to an 
area where resistance hasn't been reported, and mefloquine or doxycycline or malarone 
(atovaquone and proguanil) if they're going to areas where resistance has been reported.

end micro



Chapter 12: Pharmacology

The dose makes the poison. --Paracelsus (1493-1541)

Pharmacology comes from the greek Pharmacon, drug, and logos, word or discourse or 
treatise. Drug comes from the French word drogue, which means a dry herb. It's any 
chemical entity that's used in medicine to diagnose, prevent, or treat disease. So 
pharmacology is words about how chemical agents affect our living processes. So while 
medicinal chemists create new chemical entities (NCEs), pharmacologists have to test it 
for what it does to your body. We've got three main principles or assumptions in 
pharmacology: each disease has a specific cause for which there's a specific remedy, 
each natural remedy has an identifiable component which makes it work, and the size of 
the dose determines the degree of response to the drug. 

Yes, Jen, I already know those things. Shut up and tell me something I don't know.

Okay, okay! Wow, you got a little pissy over the summer, didn't you? I just gotta make sure 
we know some terms before we jump into all the drugs. Or you can just jump into the 
drugs directly by clicking here (FIXAL). I'm not gonna make flashcards of these terms, 'cuz
they're not that important, and you may know some of them already, but I just want to 
make sure you know them. Doctoring is kind of a language, after all. So we'll go terms, 
then general topics about drugs and problem-solving lessons, and then individual drugs 
organized in groups by what they do. All the individual drug stuff will be in flashcards.

Xenobiotics: Drugs synthesized outside the body.
Pharmacognosy: The science of drug identification.
Chemotherapy: Studying not just anti-cancer drugs, but any other drugs that have effects 
on microorganisms or unwanted parasites living or multiplying in living organisms.
Pharmacopoeia: A code with a list of the drugs and medicines that tells you about their 
physical properties and tests for their identity, purity, and potency. It should tell you how to 
prepare them, too.
Orphan drugs: Drugs for really rare diseases, which are so rare that it's unlikely it'll be 
cost-effective or the industry will care enough to develop these drugs. Non-profits and 
news organizations can really help get these drugs into the public eye so that industry 
produces them.
Pro-drug: Like a pre-drug—something you take in, and then your liver metabolizes it into 
its active component.
Agonist: Drugs that bind to a receptor and make it work.
Antagonists: Drugs that bind to a receptor and block it from working in some way.
Pharmacokinetics: What the body does to drugs: absorption, distribution, metabolism, 
excretion, etc. 
Pharmacodynamics: What drugs do to the body: their mechanisms, and endogenous 
agents. Remember this because Dynamic and Drug-action start with the same letter.
Pharmacological Profile Tests: When you discover a drug, you start a whole screening 
system that includes molecular tests (how it works on the receptor and on different 
enzymes), cellular tests (what it does to cells and isolated organs), and systems tests 
(checking blood pressure, blood coagulation, diuretic activity, cardiac effects, and so on 
and so forth).
EC50: The concentration of an agonist where you see 50 percent of its maximal agonistic 
effect. It's the half-way curve on the graph, where you're at half of the graph's height. This 
is the minimum dose that does what you want in half of your study group after a specific 
time-period.



IC50: The concentration of an antagonist where 50 percent of its maximal antagonistic 
effect happens. So an IC10 or IC90 would be where 10 percent, or 90 percent, happens.
LD50: The dose you need to kill half the members of a group after a specific point of time. 
Obviously you know this with animals, not people.
Therapeutic index: The ratio of the LD50 to the ED50 (or the LD50 to the IC50 of an 
antagonist), a safety parameter. If it's pretty big, then the drug is pretty poisonous. If it's 
pretty small, the drug is safer. (There's another definition of therapeutic index given later; 
apparently you can find one def in 5 textbooks and another in 8, so...the definition varies.)
Narcotics: Common word for controlled drugs, actually incorrect. A narcotic is something 
that puts you to sleep, and there are plenty of drugs that put you to sleep (like melatonin) 
that aren't controlled and don't have high potential for abuse. You try selling melatonin on 
the street as a narcotic and you will be laughed at, but it's a narcotic.
IRB: Institutional Review Board which makes sure your research is ethical.
Informed Consent Document: This is what you give the research subjects before you 
test drugs on them. It must have something to explain why you're doing the research, what
you're doing, what you'll pay them, how you'll treat them if they're injured, what risks 
they're undergoing, what benefits they might get from the drug, and who they should 
contact for information or claims. You must also have available alternate procedures or 
treatments, a confidentiality agreement, and a clause that says “this is voluntary, and you 
can leave whenever you want.” Make sure to have all those parts, in that order!
Pharmacoviligance: The area of pharmacology that focuses on keeping patients safe.

Chai Tea: Ancient Drugs
So have you heard that story about the mages who visited the baby Jesus with three gifts?
Gold, frankincense, and myrrh?  Back then, many babies died from infections, so the gifts 
may have had practical use: frankincense is an oil with anti-bacterial properties. Some 
components of frankincense are also anti-inflammatory, actually, too.

General Topic 1: A Quick History

Facts and facts alone are the basis of science. --F. Magendie

Yes, you want to skip this, too. I know. So, to make it easy, if you want to know the names 
of the people who discovered various things, and thereby impress everyone in the medical
field that you talk to, and impress your residency and research overseers, you can check 
these flashcards for who discovered what. I would go ahead and put full-on stories here 
like I did in physio, but...we don't have time. So click here (FIXAL) to skip, and click here to
get the FCARDs!

You also need to know the history of drug legislation. This is definitely applicable to your 
practice, because you need to know what laws govern the things you are going to 
prescribe. Here are FCARDs of some basic laws you may want to know, and things you 
need to know about clinical trials and drug scheduling and classifications. Of course, when
you get into residency, and practice, people will tell you more.

General Topic 2: Drug-Receptor Interactions and the Law of Mass Action

Corpora non agunt nisi fixata—a drug will not work unless it is bound. --Paul Ehrlich

Lock, key. Done. Easy. Seriously, though, understanding the lock and key is becoming 
'key'--har-har—to drug research. When you're doing drug research, usually you just test a 
ton of chemicals until one works, but some drugs have been designed by computers, 



where you look at the enzyme you want to inhibit, and design a drug to fit its shape—that's
how protease inhibitors to fight HIV came about. 

Most drugs work through those famous cellular receptor locks, either as agonists or 
antagonists, but antacids, osmotics like enemas and IV-given drugs that help drain edema 
from the brain, and chelating agents—which bind to toxins—do not. Cholesterol binding 
agents—candy-bars you give your patient that taste like sand—also don't act through 
cellular receptors: they just keep the patient from absorbing cholesterol by binding to 
cholesterol in their intestine and bringing it out in the feces. 

Once a drug binds to a receptor, it initiates a cellular process, the group of cells have some
effect on the tissue, that leads to a physiological (or whole body) effect, and the body may 
then respond with a compensatory/anti-effect, working against the drug. It's important to 
know that agonist binding is reversible, but antagonist binding may be irreversible, where 
the drug totally knocks out the receptor for good. (It's also sometimes called a non-
competitive antagonist.) Even though drug agonists are reversible, they tend to act for a 
longer period of time than the natural compounds do. You can use an agonist or an 
antagonist to effect the same change: you could use an agonist to dilate the pupil, or an 
antagonist to block its constriction.

Most of this receptor stuff is just repeats of biochem stuff. You know, secondary 
messengers, tyrosine kinase, etc etc. Remember G-proteins? G-protein agonists will bind 
to the alpha subunit of the G-protein, to help it bind GTP so the alpha subunit can leave 
the beta and gamma and go do its job. Not all drugs act directly like that, though. Some 
drugs act on a compound that will then act on something else. Epinephrine doesn't block 
histamine receptors—it just counters the effects of histamine in tissue.

We understand drug/receptor interactions via the law of mass action. Math-wise, it's 
E=(Emax*C)/(C+ED50). Basically, if you graph this, there's a flat line for a bit before you 
really have drug effects, then the drug takes off and starts having more effect, and then 
you get up to the maximum level and everything flatlines again. It's a sigmoid graph of the 
log of drug concentration vs. the receptors occupied. So at some point a hundred percent 
of the receptors are occupied, and that's your flat line at the top of the S. We can also 
graph the log dose response curve, which is more important than knowing how many 
receptors are occupied. It's the same graph, but we're graphing drug concentration versus 
effect instead of versus receptors occupied. At some point, at the top of the S, you have 
the maximum drug effect. In some systems, you've got spare receptors which exist after 
the top of the S. What does that mean? It means that you reach maximum effect before 
you've closed out all the receptors. That doesn't really happen a lot though, so don't worry 
about it. Usually, the Emax correlates well to number of receptors occupied. 

The efficacy of a drug is its Emax—a drug with a higher Emax has more effect. 
Remember ED50 is the dose where you get 50 percent of the effect out of a drug, so like 
50 percent of Emax. A partial agonist is an agonist that binds to the same receptors as a 
full agonist, but doesn't ever reach Emax—doesn't produce a full effect. It will flat-line 
earlier, in other words. The receptor lives in an active and inactive form, and a full agonist 
binds hard to the active form and makes it work a lot, while a partial agonist binds both to 
the inactive and active forms. When it binds to the inactive form, it keeps it from going 
active, which means it's kind of cancelling its own effect. Partial agonists have lower 
intrinsic activities than full agonists. Intrinsic activity is how we measure a drug's ability to
produce an effect after it binds to a receptor; affinity is how tightly it binds that receptor. 



A drug's potency is related to its affinity, and we measure the affinity or disassociation 
constant to talk about how strong or potent drugs are. A drug that produces its effects at a 
lower concentration is more potent (so like at its ED50 instead of at ED90). Drug reps love 
to talk about potency, but actually from a clinical perspective its relatively unimportant. 
Endomethocin is 100 times more potent than aspirin, but aspirin doesn't have as many 
side effects, so we use aspirin more. No one cares that you have to take 500 mg of aspirin
to get the same effect as a much smaller does of endomethicin: we care more about 
toxicity and effectiveness than we do about power. In two graphs that both reach the same
Emax, but one is steeper, the steeper one is more potent. Both have the same efficacy—
the same effectiveness on the receptor—but the steeper one binds harder so you can take
a lower dose to get to that maximum effect. Potency is definitely less important than price, 
since if the patient can't buy the drug after they leave your office it's like the drug doesn't 
work.

If a receptor gets activated too often the cell may answer by making less of those 
receptors—down-regulation—or sometimes the number of receptors stays the same, but 
the cell deactivates them—desensitization. This can be temporary or permanent, and 
that's why heroin addicts who get off of a drug can sometimes later take it and still get a 
pretty good high, or why you may take a patient off a drug for a while so it'll be effective 
again. Tachyphylaxis is what we call a sudden decrease in effectiveness after you give a 
drug. On the graph, this looks like the effect you get of a partial agonist, where the Emax 
line is really low and doesn't reach the drug's actual Emax.

On the other hand, if you keep blocking a receptor with an antagonist, the cell might 
respond by up-regulating and populating the membrane with more receptors. Chronically 
blocking beta-adrenergic receptors does this, so if you take a person off beta blockers too 
fast, they might respond really too much to their own epinephrine, and their heart-rate will 
go up too much because they've become so sensitive over the course of the drug. In this 
case, the flat-line went up, and you raised Emax.

We talked about competitive antagonists, right? Let's think about them graphically. A 
reversible or competitive antagonist blocks the action of an agonist, but if you add more 
agonist you can overcome it. Adding a competitive antagonist to an agonist is like lowering
the agonist's slope a little bit, like lowering its potency without changing Emax. This is like 
shifting the drug curve right without changing the beginning or ending parts. So like if 
someone took too many amphetamines, which is an agonist, you can give him an 
antagonist to change that thing's potency. Unfortunately, if someone overdoses on an 
antagonist, you usually can't give enough agonist to overcome it (because it would take 
SO MUCH agonist to beat it out).

A non-competitive or irreversible antagonist changes the curve of an agonist by bringing 
Emax down, like turning it into a partial agonist. To recover from this you need to make 
new receptors. Omeprazole (a proton pump inhibitor for digestion problems) and aspirin 
are irreversible antagonists, and they may have effects for days after the drug use stops. 
That's why your patient needs to stop taking aspiring at least a week before they have 
surgery.

So we've been looking at LDR, the dose response curve, like a gradient, but some things 
are all or none—either your birth control keeps you from having a baby, or it doesn't. So if 
a birth control is 98 percent effective, that doesn't mean you'll get two percent pregnant, 
but that two percent of averagely fertile women using the method will become pregnant 
over the course of a year. Taking no method, about thirty-three percent of average fertile 



women will get pregnant in the course of a year, so one woman would get pregnant every 
three years ish. (That's not an exact number, the professor gave a kind of average thing) 

One drug might work at two different receptors: a beta-blocker might hit both beta 1 and 
beta 2 receptors. A more selective drug has a higher affinity (a steeper curve) for one type 
of receptor versus the other; a non-selective drug will bind equally to both, with the same 
curve. Beta-1 receptors stimulate your heart; beta-2 receptors close the bronchioles. You 
wouldn't give a person with asthma a non-selective beta-blocker because they need their 
bronchioles open, and their beta 2 receptors need to not be blocked! If you're treating the 
asthma, you don't give them a beta-1 agonist, because you only want to deal with the 
beta-2 receptors, not raise their heart-rate. Atenolol selectively blocks beta-1 receptors, so 
if you've got a patient with asthma who needs heart-rate lowered, you would give them 
that. You can kill someone by giving them a drug with the wrong selectivity. Some 
antihistamines block cholinergic and adrenergic receptors also, and that's why you've got 
so many side effects with them, like fainting and stuff.

I really like this pharmaco webpage about pharmacodynamics. 
http://www.uky.edu/~mtp/pharmacodynamics.htm

We already talked about the therapeutic index, or the LD50/ED50, but there's also a 
protective index, or TD50/ED50. This number isn't used much. The TD50 is the dose that's
“toxic” to 50 percent of people, instead of the “lethal” dose. But some drugs will have lots 
of toxic effects—shutting down kidney function and so on—so the LD50, which talks about 
what kills you, is better. Remember the LD50 is only “what kills 50 percent of people”--
some people at the edge of the bell curve won't die until the LD90 or something. 

Graphically, you can find the therapeutic index by finding the LD50 and the ED50 points on
the graph. The ED50 you already know how to find—it's the concentration where 50 
percent of the effect happens (not 50 percent of the concentration of Emax, by the way). 
The LD50 you'll find similarly on the graph, the concentration where 50 percent die, and 
then you can divide those two numbers by each other for the therapeutic index. When 
you've got both of these curves graphed next to each other, there is usually a space 
between the curves, and that's called the therapeutic window. 

There's another way to graph the therapeutic window. This time, Y axis is drug 
concentration, and time is the X axis, and the therapeutic window is the space between 
two flat lines—one line for beginning effect, and one line for lethality. Some drugs have 
super narrow therapeutic windows, and others have super broad ones, and sometimes 
very powerful drugs, you have to deal with the toxic effects either way. To treat severe 
fungal infections, you often have to give seriously kidney-damaging drugs, and it becomes 
this kind of cost-benefit evaluation: should they have a horrible fungal infection, or should 
they have kidney problems? It's their choice, with the information you provide them.

Toxicity of the drug has a lot to do with its side effects. Almost all drugs cause either 
allergies or GI upset in someone as a side effect, so a lot of drugs will have a most 
common side effect that's something like nausea, but many drugs have a special signature
side effect that we consider. Like phosphamax, for example. Phosphamax is given for 
osteoporosis. Its most frequently encountered side effect is really bad esophageal 
irritation. Don't bite down after you take it, take it with plenty of fluid. Its signature side 
effect is mandibular necrosis, which is super not frequent, but HOLY CRAP. 4/1000 
patients might experience it. Sometimes you have a problem where a doctor will give a 
drug to deal with the side effects of another drug, rather than just changing or taking them 



off the original drug. This is a big deal with older people, who may be more susceptible to 
various side effects. Think of your therapeutic window as changing for your patient 
population. 

You also need to worry about drug interactions when you worry about drug toxicity. Some 
drugs have early warning side effects: if digoxin is about to hurt you, you'll have problems 
seeing color, before you have other problems. Digoxin is an anti-arrhythmic, but if you give
too much, you end up causing arrhythmias, so as soon as your pt has vision problems 
check your dose!

Chai Tea: Placebos
White-coat effect: Patients who are treated by doctors wearing white coats sometimes get 
better faster. The chemicals we release or don't release via our neurological system 
(histamine, glucocorticoids) affect our immune systems. This is why placebos can cause 
side effects, and why how you educate your patient about the drug you give her matters; 
it's also why placebos worked for about 50 percent of patients in an antidepressant study 
Dr. Hill showed us. Would you give a placebo, if it works for 50 percent of patients with 
way fewer side effects than the drug? What if the drug (as in the case of the study we 
were shown, Effexor) has 75 percent effectiveness, but one of the side effects is suicide? 
In adolescents there are several anti-depressants contra-indicted because of increased 
suicidal tendencies. With those risks in mind, how can you protect your patient? What if 
you have a depressed patient who may be benefited by exercise? Do you want to tell your
patient “just exercise” after waiting for your appointment for two hours? Can you maybe 
prescribe a placebo and exercise instead of the drug? 

General Topic 3: We ABSORB Drugs Many Different Ways

Another way to think about pharmacokinetics vs. pharmacodynamics: Kinetics is what gets
the drug there, dynamics is what gets the job done. So you have to get the drug there 
before it does anything, and the kinetics—how it's absorbed, how you distribute it, how you
metabolize or gt rid of it or transform it in your body, and how you eliminate it—all matters 
before your drug dynamics can even happen.

We chart drug absorption as C, drug concentration in the blood, on the Y axis, and time on
the X axis. Absorption is the hill part, the part where you're climbing the hill. A fast slope of 
absorption isn't always good: in some drugs, we want them to stay in the local area (like 
local anesthetics, or dealing with skin infections), and we don't want them to have systemic
effects. 

Absorption depends on chemical make-up and how we package the drug. A lipophilic or 
fat-soluble drug will cross membranes faster than a hydrophillic drug, and so lipophilic 
drugs will get absorbed and distributed in the body better. They're also hard to get out, and
have to be metabolized before the kidney will excrete them. A lot of birth control pills are 
really lipophilic and you can absorb them all over the place. A smaller drug will cross 
barriers faster than a large drug (obviously; like you can absorb methanol everywhere, but 
ethanol is harder to absorb), and drug that's in liquid or suspension form is faster to 
absorb. Capsules have dissolving coats to control release and absorption; tablets are solid
pellets that don't do that (and both capsules and pills are tablets). Hydrophillic, charged 
drugs (like acids and bases) can get ion-trapped in certain tissues. Weak acids get 
trapped in bases, and weak bases get trapped in acids. At the pH of urine, a weak base 
with a pKa of 7.0 will have a thousand times more ionized molecules than un-ionized, 
which means a thousand times more of it will get stuck in the urine than go across the 



membrane in the blood. Urine, breast milk, and fetal blood have usually low pH (so they're 
more acidic). That's why drugs can be more concentrated in a mother's breast milk than in 
her blood, and why a mother has to be so careful what drugs she's taking while she 
breast-feeds. About half of the drugs we distribute our weak acids and weak bases, so 
they obey Henderson-Hasselbach (remember from biochem: Log (HA/A-)=pKa-pH for an 
acid).

Basically your lungs and small intestines and intramuscular areas have the best 
absorption, and your stomach and skin are the worst absorption sites. Sites with open 
junctions—like intestines, subcutaneous areas, intramuscular areas, and intrapleural areas
—are more likely to let you absorb the drug. Sites with tight junctions—skin, mucous 
membranes, sublingual areas, and your stomach—don't let you absorb the drug as fast. 
Areas with higher blood flow—lungs, intestine—will absorb drugs faster than areas like the
skin and stomach, with less blood flow. Sites with large surface area—lungs, and intestine,
again—will absorb faster than areas with small open surface area like the stomach and the
skin. (Your whole skin obviously has a lot of surface area, but when you give a drug you 
don't usually coat the whole patient in it—you apply it to a specific surface area, and that's 
less surface area than if they absorb it through their long long intestines).

Aqueous diffusion: Drug diffuses through pres and aquaporins
Lipid diffusion: Drug diffuses through lipid barriers
Endocytosis: intestinal cells or other cells wrap around liquid and eat the drug that way 
because of special receptors that grab the drug

If your patient has a slow or fast GI tract that can affect absorption, and if they've got liver 
damage that'll change their first pass effect, so absorption can change depending on your 
patient's health status. The other drugs they're on can also slow or speed up the 
absorption of each other, and anything your patient takes—food or so on—that slows 
stomach emptying will slow your absorption. Some specific foods—like grapefruit juice and
milk—have their own effects on absorption.

Enteral means you give the patient the drug through the GI tract. Parenteral means 
everything else. Enteral stuff is convenient, but not all the drug is absorbed, and there'll be 
a delayed effect, and you can get an upset tummy. Amphotericin B, an antifungal, is a 
good example of something that's really too hydrophilic to get absorbed orally. It's not as 
efficient as sticking the drug straight in your patient's veins. Enteral absorption sites 
include:
Sublingual/buccal: Small surface area, little absorption, good for small lipophilic drugs like 
nitroglycerine and nicotine. That's why you can chew nicotine and get it in you, and why 
you really shouldn't swallow it if you do (you really shouldn't chew nicotine to begin with, 
but that's another story). 
Stomach: You really can't use this at all in pharmacology. It's thick-walled, has a small 
surface area, and is covered in mucous, so the longer something's in your stomach the 
longer it delays absorption. Methanol can get absorbed in your stomach, and Dr. Hill says 
maybe like 10 percent of ethanol can get absorbed there.
Small Intestine: All blood from small intestine passes through liver, so while everything 
here is really well absorbed, it usually then has to pass through the liver before it has its 
effect. That's the first pass effect. Oral morphine suffers a lot from this: only about 25 
percent of morphine will escape the liver, so it's better either in the veins, or you have to 
give four times the dose you actually want the body to use in order to have that effect. 
There's usually nothing left of any drug after the small intestine to make it to the large 
intestine, and anything left in the large intestine will probably go out the feces.



Rectal administration: This can bother the rectal mucosa, and it's not as absorptive as the 
intestines (because you don't eat out your butt), but this is the best way to give a vomiting, 
comatose, or non-cooperative patient drugs, says Dr. Hill. Non-cooperative means like a 
little kid who can't swallow pills or something, not like you're punishing someone. 0_0 Only 
50 percent of this blood goes past the liver. Sometimes rectal route is classified as 
parenteral.

The bioavailability of a drug is how much of it makes it into the systemic circulation. 
When you put a drug into IV, its bioavailability is 100 percent, so if you really want to 
control plasma concentration you give drugs via IV. On that concentration-in-the-plasma 
versus time graph, bioavailability is the area under the curve (AUC). The AUC of an oral 
dose curve, divided by the AUC of an IV dose curve=bioavailability=F. IV F=1, or 100 
percent. They used to measure this by hand by cutting out the area under the curve and 
weighing the paper!

You can also do the F calculation for two different formulations of a drug, or two drugs. If 
two drugs have the same bioavailability, but different formulation, they are bioequivalent. 
This comes in different ratings: an A rating in bioequivalence means the two things are 
completely bioequivalent. They have ratings like A0 and Ag but that's not as important as A 
or B rating. A is bioequivalent. This matters in selection of generic drugs. Digoxin has a 
narrow therapeutic window, and many years ago brand-name digoxin would give a certain 
percentage of dosage in the blood stream, while the generic formulation only provided like 
25 percent of that same dose. That was just based on the formulation of the pill, not the 
molecule being different, so formulation matters, and all generic drugs have to now prove 
that they are bioequivalent.

Parenteral administration types:
IV or IA (IA=in artery instead of vein, IA is rare, and you might do it for a really localized 
tumor so you could put the drug right into the artery going into a tumor, but really the artery
just has so much pressure it's a hassle to deal with the possible bleeding): Because the IV 
drugs go straight to the heart, and then the lungs, those areas get a full dose and that can 
make these more toxic. Some drugs are just too large and/or hypophillic to get absorbed 
any other way. 
Subcutaneous: Insulin! This is good for rapid absorption and medium release, but you 
have to be careful not to inject something that'll be caustic or irritating.
Intramuscular: Moderately fast release, depending on the blood supply in the area and the 
fat content of the muscles. You can cure syphilis with a single dose of penicillin, but it's a 
really huge dose, like a horse syringe, and you inject into the gluteus maximum muscle, 
and intramuscular is really good for really huge doses like that.
Intravitreal: When you inject something once a month to the back of the eye, usually to 
deal with particular infections where you're trying to avoid problems in the rest of the body 
or give people higher doses in a short time instead of spreading bad effects over the whole
body all the time.
Pulmonary: This is the most effective absorptive site short of IV administration, but the 
compound has to get all the way into the alveoli, and most of the aerosol lands in the back 
of the throat and stuff. This fantastic absorption is why it's sometimes easier to get a little 
sick taking marijuana when you eat it then when you smoke it: smoking is like a controlled 
IV, and you can stop the moment you start feeling sick and then the drug stops, but if you 
eat too much, you might not notice the effects until it's absolutely too late to stop it, and it's 
already waaaay in your stomach. Any drug that is even slightly irritating really shouldn't go 
through here. 
Topical: Mucosal membranes and skin! Only really lipophilic stuff gets in here. Absorption's



better if you've got abrasions, rubbing, or inflammation. Anti-nausea patches go here.
Eye: You put drugs on the eye because you really want to affect the eye. Beta-blockers 
here are good for glaucoma.

Chai Tea: Copy-cat “Me-too” Drugs
According to Dr. Marcia Angell, the outgoing editor of NEJM, and Dr. Hill, my pharm 
teacher, most new drugs don't really add much to the therapeutic “armamentarium” 
because they're just the same old drug modified by something stupid like a chlorine 
instead of a fluoride ion. The company does just enough to get a new patent, and then 
charges for the new drug. How does this affect your patient's options when she goes to 
buy something over-the-counter? Is there a way to stop this without inhibiting the 
industry's ability to freely develop new drugs?

General Topic 4: Drugs DISTRIBUTE Through Your Body To Reach Target Sites

A quick trick to save your patient money: sometimes the 100 mg version of a drug will cost
less than the 25 mg version, so even if they need the 25 mg dose, you can prescribe 100 
mg and tell the pt to cut it.

When you give a drug, where does it go? Pretty much all drugs get to the blood, but some 
drugs, like heparin, don't go any further because they're large and hydrophilic and you 
want them to work on the blood. Heparin is an anti-coagulant. Most drugs go on to the 
extra-cellular fluid, and a fair number of cells go on to total body water (like 60 percent of 
your body weight). Some drugs then go accumulate places, like lipophilic drugs can get 
stuck in your fat. Tetracycline can get stuck in your bone, even though there's a really low 
blood flow there. Tetracycline is an antibiotic. If you want a drug to get to your brain, it has 
to be lipophilic. 

3 liters of blood: plasma
12 liters=ECF
42 liters is your total body water 
You can remember this by connecting all these numbers with 9. 3+9=12, and 3+39=42.

So yeah, basic principle, drugs distribute in your liquids. Sometimes plasma protein 
binding keeps a lot of drug from distributing to the cell receptor site. If 99 percent of the 
drug binds to a plasma protein, only like 1 percent will get to the cell receptor, and the rest 
will stay in the blood—and that's a problem for lipophilic drugs. They just like to hide inside 
to albumin all the time, because they hate the water in the blood, so they cling to the 
proteins and things to hide. Basic drugs like to hide in alpha1-acid glycoprotein sometimes.
So sometimes you have to give a second drug to push the first drug off the albumin or 
alpha1-acid glycoprotein. This is where drug interactions happen, when one drug 
increases the action of another drug. Warfarin is an anti-coagulant, and aspirin will kick 
the warfarin out and increase its anti-coagulant effect; tolbutamide, for diabetes, will also 
kick the warfarin out. Both warfarin and tolbutamide have narrow therapeutic windows, so 
you don't want to be having them increase each other's effects beyond what you asked for!
Sulfonamides are an antibiotic that like to bind to plasma proteins, and you can't give 
them to newborns because newborns have so much hemoglobin turnover, and that makes 
a lot of bilirubin, and that's toxic to the CNS. Bilirubin's not a problem in adults, but 
newborns don't have a complete blood-brain barrier yet. If you give them sulfonamides, it 
kicks the bilirubin out of the plasma protein binding, and that poisons the baby's brain and 
gives them kernicterus.



You can measure this with math! Volume of distribution=dose/concentration in the plasma. 
This is only the apparent volume of distribution, since it's actually theoretical. This number 
often turns out larger than the volume of water in the patient, which is crazy, but that's 
because the blood has “disappeared” from the blood where it's measured, and it's moved 
into lipophilic tissues, or bound at receptor sites. I mean, 500 mg dose by iv injection at 5 
micrograms/ml ends up equally 100 L of volume of distribution. There's not really 100 L of 
drug in your blood. You can compare this volume to what's actually in the blood, and if it's 
not in there, the fraction that's not in the blood isn't going to be eliminated, and that kinda 
helps you begin to think about the drug's half-life and effects. In other words, this volume 
of distribution is important because it's the artificial fraction of the drug in plasma that 
determines its elimination. Drug's clearance and volume of distribution determine half-life. 
Conceptually, a high volume of distribution means it's really distributed in tissues: the 
higher the volume of distribution, the harder it will be to get it out of the body (because it's 
not in the blood), and the more lipophilic or trapped it is.

A distribution curve is the time on the X axis, and log of concentration in the blood on the Y.
The distribution part of the curve is the sleep exponential-looking down sweep at the 
beginning, the alpha phase, and it's different than the elimination part of the curve, which is
the slower, straight-line down slope later on. That's the beta phase. Distribution is fast as 
tissues take stuff up quickly out of the blood; elimination is slow, because it requires things 
like peeing and pooping and stuff. 

You can also look at distribution on a plot that includes absorption, where you'll see the 
mountain-like upslope of absorption, then the quick exponential-looking down sweep of 
distribution, then the slow, gradual down-line of elimination. After an oral dose, the 
distribution part of the curve will look really tiny because it's just overwhelmed by how long 
you're absorbing and eliminating. Other drugs really depend on the distribution part. 
Thiopental is a big distribution drug that goes into your brain in like five seconds in enough 
dose to knock you out; to keep you down they use other anesthetics, but to get you out 
they use thiopental so they don't have to wait around for you to fall asleep.

So this drug distribution determines what similar drugs you use for different cases. If a kid 
cuts his hand, you choose a local anesthetic with a long half life, and then you give 
epinephrine because that constricts local blood vessels and keeps it form getting absorbed
away from the site. If they cut their finger, you don't use epinephrine because you don't 
want to cut off blood supply and make their finger fall off. For penis injuries you also don't 
add epinephrine, because like a finger, it will fall off.

Chai Tea: Drug Advertisements
So, in the late 80s Erythropoietin was approved to increase RBCs in kidney pts with really 
bad anemia. People marketed it to cancer patients, AIDS patients, and kidney patients 
with mild anemia. Also screened for athletes—you know, get more blood, boost yourself. 
Amgen began a study to prove it was safe for mild anemia, and people started to die. FDA
decided medicare wouldn't cover people with mild anemia, but Amgen got Congress to up 
Medicare coverage to people with hematocrits up to 37.5 (still mild). The drug became a 
huge money-making engine, but in 2011 there was no evidence that these drugs made 
people with mild anemia feel better, and the earlier study showed patients with mild 
anemia were at greater risk of death when they took the drug. I tell you this long long story
to point out the importance of the marketing: the drug was useful for one purpose, but it 
used marketing to extend its reach. The information patients, doctors, and Congress 
received had huge impacts not just on individuals' health, but on the nation-wide economy 
through the Medicare program. So how do you educate yourself beyond what the drug rep



tells you? How do you educate your patient? How do you personally educate your 
lawmakers? As a doctor, you have the ability to give expert testimony. Will you use that to 
influence policy?
 
General Topic 5: How You Get Rid Of Drugs

Elimination! This could be excretion, or it could be inactivating the drug because you 
metabolized it. As a general rule, hydrophilic drugs can just go right out in your pee, but 
you need to metabolize lipophilic drugs before you can piss them out. Basically you just 
turn them hydrophilic. So based on that, you already know your kidney and liver matter in 
elimination, since they like to metabolize and pee stuff out, and that the bile system re-
uptaking drugs, and the large intestine pooping them out matters, too. Lungs can also 
eliminate general anesthetics (like a little bit of alcohol, but not anything else), and some 
drugs go out selectively through the skin.

Kidneys pretty much clear drugs the same way they clear things from plasma that you 
wash out normally. A lot of elimination happens during secretion, which happens a lot in 
the proximal tubule. So for example, about 90 percent of penicillin's dose is secreted in the
proximal tubule, and that means penicillin goes in really high concentrations in the bladder.
Secretion is fast elimination, with high concentrations in the bladder. Elimination in the 
kidney also happens via filtration, where stuff passively goes out through the glomerulus 
because of the high blood flow in the area, instead of being actively transported out via 
secretion. The kidney prefers to excrete polar drugs, and the metabolites from the liver, 
because the low pH of urine traps weak bases and drags them out with it. 

The liver works in both renal and biliary excretion. It deactivates drugs through 
metabolism, and most of the drugs it deactivates go out in the kidney. Some of its drugs 
get excreted in bile, but most of that stuff gets reabsorbed in the gut via enterohepatic 
cycling. The stuff that goes through the bile cycle gets conjugated with glucuronic acid in 
the liver, then goes out into the biliary capillary and bile duct, and then gets excreted into 
the small intestine, where most stuff gets reabsorbed. Then the drugs that weren't 
absorbed in the small intestine in the first place, or the biliary-excreted-drugs didn't get re-
absorbed, all go out together in the feces. 

We measure elimination using half-life, usually. The half-life of a drug is pretty constant 
and defined, but actually people can vary a little and their health can change the drug's 
half-life. It's how long it takes for your body to clear half the drug from the blood. 
Clearance is the how much blood gets totally cleared of drug in a certain time (ml/min); it's
a measure of how well the organ is working, and how well it cleans the blood. First order 
elimination is when you have a constant clearance rate (so like you have a straight line 
with a consistent slope on a log graph). Zero order is when you've got a straight line 
across, with no slope positive or negative, a zero slope, and clearance rate isn't very 
helpful. You're just eliminating all this amount all the time, not some sloped proportion. 
Drugs sometimes behave as zero order. Like in ethanol poisoning, where the ethanol 
overwhelms the number of receptors available, and you just have this set amount 
constantly cleared over time as you're getting rid of it.

Halflife is 0.7 times volume of distribution, all over clearance. Volume of distribution 
basically helps you figure out how much drug is in the blood. T1/2=(0.7Vd)/Cl



General Topic 6: How You Transform Drugs In Your Body

Inhibition, induction
phase 1, phase 2, cytochrome p450s

General Topic 7: More on Drug Interactions

Drugs can interact, as we mentioned, by increasing the concentration of each other in the 
blood. They can also interact by: 

• Both hitting the same receptor
• Pharmacodynamic antagonisms: Having opposing effects either by fighting for the 

same receptors, or indirectly (like how glucocorticoids and insulin fight each other). 
Like Cisapride slowing your heart, while another drug tries to speed it up.

• One drug increases activation rate or metabolism of another
• One drug makes P450 or another metabolitic enzyme turn another drug into 

something toxic 
• One drug inhibits P-450 and makes it hard for the other drug to eliminate: Thiazide 

diuretics keep lithium from getting eliminated. Probenecid keeps aspirin from getting
secreted. 

• One drug increases the other's absorption: Cholinergics speed up stomach 
emptying time, which means they make the other drugs really available to your 
intestine.

• One drug can increase the distribution of another drug: Mannitol opens the blood-
brain-barrier so you can get other drugs in there.

• One drug could speed up the elimination of another drug: Phenobarbital (anti-
epileptic) induces cytochrome P450s that metabolize birth control pills, so you lose 
their effects.

• One drug could slow the activation of another.
• Some drugs bind to others in the GI system and that's pharmacokinetic antagonism,

because they prevent absorption: If you have high cholesterol (cholestyramine is a 
drug for that) and you take digoxin, cholestyramine keeps digoxin (for a heart 
arrythmia) from getting absorbed.

This all sounds really scary, but actually there's really a relatively small set of drugs with 
narrow therapeutic windows that cause drug interactions. Dr. Hill calls them “bully” drugs. 
These are the 

• drugs that inhibit 450 (ketoconazole, cimetidine, ritonavir (for AIDS), cyclosporine, 
spironolactone) 

• or the ones that induce P450 (rifampin, phenytoin, phenobarbital, carbamazepine), 
• ones that can block renal secretion/re-uptake (probenecid you give it on purpose at 

the same time as penicillin because it blocks secretion into urine and that causes 
longer half-life for penicillin inside the blood, aspirin increases renal secretion), 

• and ones that can cause renal elimination (diuretics).
FCARD: pharmacology: interactions

Dr. Hill also calls some drugs “victim drugs”--drugs that everyone beats up on, that 
become toxic really easily if other drugs modify their effects. Theophylline, lithium, digoxin, 
warfarin, coumarin, tolbutamide, and MAOI drugs really quickly become toxic if other drugs
do things to them, either pharmacodynamically or pharmacokinetically.

BREAK FOR TIPS: SOLVING PHARMACOKINETIC PROBLEMS

Remember that...



• A drug with a first order of elimination==>straight-line down on a semilog graph of 
concentration over time.

• Find the half-life from a graph by taking any number you can go to half of in 
concentration (so like an easy number like 40), and look at the time at that 
concentration. Then look at half of that concentration (so like concentration 20), and
look at the time at that concentration, and then take the difference between those 
two times. Remember to take the difference. You're looking for slope between two 
halves.

• Remember volume of distribution is dose over concentration in plasma.
• Remember 5 mg is 5 million nanograms. = )
• (Volume of distribution times 0.7)/clearance=half-life. So clearance is (Vd*0.7)/half-

life. We use 0.7 because 10 to 0.7 is 5, which is half, and in the original general 
form of this equation you could calculate third lives or fourth lives or whatever, so 
when you wanted to get to 3.33 which is third, instead of 5 which is half, you could 
use the fraction 0.52ish (log of 3)--but basically when you derive the original 
clearance and rate formula, there'd be a general term there to calculate that 
constant. If you got back to half-lives from chemistry, you can see the whole 
equation.

• Four half-lives is how long it takes to get to steady state with a constant dosing. So 
half-life is 4, then about 16 hours to get to steady state.

• On a normal, non-log, 1 by 1 graph, a straight line down means zero order of 
elimination.

• You can find the elimination rate by finding the slope of that graph. Typical alcohol 
metabolism is like 10-15 mg/100 ml each hour. (0.015)

• 12 oz beer=5 oz wine=1.5 oz whisky rum=BAC 0.035 in a 60 kg individual=0.020 in 
a 100 kg individual. So if you need to calculate alcohol things.

• Loading dose=(Vd*target concentration)/F. F is the fraction of the dose reaching the
general circulation. Loading dose is the dose you give the patient to get that target 
concentration in circulation.

• A reversible antagonist lowers potency (shifts the graph right); an irreversible 
antagonist lowers effectiveness (shifts the effectiveness line down, maybe even flat-
lines the graph).

General Topic 8: Know How to Manage Herbal Therapies

Make sure you, as a doctor, are someone who makes your patient feel safe asking 
questions. 2/3 of patients don't tell their doctors if they're taking an herbal therapy, and 
some of that stuff has bad effects, so you don't want your attitude to keep a patient from 
telling you things. Ironically, you sneering down your nose at herbal treatments makes it 
more likely that a patient will take a dangerous compound without telling you. On the other 
hand, you become a safe place if you're open and willing to do the research. “Oh, you're 
taking St. John's Wort? I'd like to talk to you more about that, but I wanted to double-check
some of the most recent research. Is that okay?” St. John's Wort is actually the most 
prescribed anti-depressant in Germany, and 84 percent in a study reported improvement, 
with 47 reporting side effects and 12 percent stopping the drug because of side effects. It's
potentially a real medication, and it's better if you handle the patient's prescription than if 
they're self-medicating doses they know nothing about. If you have a policy of checking 
everything your patient brings up on Pubmed, and your patient knows that you're open-
minded, you can protect him or her from damaging herbs while steering him or her in the 
right direction. “Well no, actually, because you're on diabetic medication I feel very 
uncomfortable with you taking ginseng. It works for some people as a stimulant, but there 



is evidence right now that it interacts with your diabetes medications. Let's see if we can 
find something else to improve your energy; there are a variety of fruits that have a similar 
effect.”

Diet can really help. Garlic can lower LDL a lot (although taking a lot of it, especially 
enough to get the effects you want, can cause flatulence!). So you can try to steer your 
patient through healthy foods with medical effects, too. Just be open and research-driven, 
and you can protect your patients.

Some herbs you should know and things they do:
• Echinacea: According to Dr. Hill, this one doesn't work, and that sucks because 

people take it as an immunostimulant that deals with everything from viral infections
to AIDS to cancer to radiation poisoning to fungal infections to arthritis. According to
a new study that just came out last month, echinacea is also a strong CYP450 
enzyme inhibitor, which means it can keep other drugs from getting metabolized.5

• Goldenseal: It's said to help with GI distress, and even the common cold and flu, 
as well as diarrhea and diabetes. Its main ingredient is Berberine, which is an 
abortifacent that can give you convulsions, and in really high concentrations the 
stuff burns. There's a study that came out in February this year looking for the 
biochemical basis of its anti-diabetes effects, which are apparently based on 
antioxidant and anti-inflammatory interactions with several cellular kinases, and you
should read it if you're interested in whether or not this works. So apparently there's 
some evidence that it does help with diabetes.6

• St. John's Wort: Like we said, often prescribed for antidepressant. It is a P450 
inducer, so it speeds up metabolism of other drugs, and it can make you go into 
straight-up sedation if you're taking CNS depressants, and it can make you 
photosensitive. Real-ass drug! 

• Kava Kava: This is claimed to work as an anti-anxiety and insomnia drug, and in 
reality it's a mild sedative says Dr. Hill. But if you're taking a CNS depressant, it 
might add to its effects, and it can cause dizziness and GI distress, and of course 
allergies (like with most drugs).

• Valerian: This prevents GABA breakdown, which means it increases your sleep 
efficiency and decreases your sleep latency (which is the length of time it takes you 
to get to sleep). Sometimes it may cause paradoxical insomnia or nervousness and 
excitability, kind of like how Effexor is supposed to prevent suicide but can make 
you suicidal. Valerian doesn't interact with alcohol, and can mess up your tummy a 
little bit.

• Ginko Biloba: Supposed to fix everything, from tinnitus to Alzheimer's! In real life it 
may help improve circulation, and Dr. Hill found at least one study showing that it 
improved social function in Alzheimer's patients. We don't know a lot about its 
toxicity: during one study in 2013 researchers found no ill-effects on mice fetuses 
and mice mothers at concentrations above 1225mg/kg/day, which is a lot, so I 
guess that's nice,7 but there's a decent bit of information out there saying it might 

5Grappe F, Nance G, Coward L, Gorman G. In vitro inhibitory effects of herbal supplements on tamoxifen and irinotecan 
metabolism. Drug Metabol Drug Interact. 2014 Aug 5. pii: /j/dmdi.ahead-of-print/dmdi-2014-0017/dmdi-2014-0017.xml. doi: 
10.1515/dmdi-2014-0017. [Epub ahead of print] 

6Li Z1, Geng YN1, Jiang JD2, Kong WJ1. Antioxidant and anti-inflammatory activities of berberine in the treatment of
diabetes mellitus. Evid Based Complement Alternat Med. 2014;2014:289264. doi: 10.1155/2014/289264. Epub 2014 
Feb 11.

7   Koch E1, Nöldner M, Leuschner J. Reproductive and developmental toxicity of the Ginkgo biloba special extract EGb 761® in 
mice. Phytomedicine. 2013 Dec 15;21(1):90-7. doi: 10.1016/j.phymed.2013.09.004. Epub 2013 Oct 28.



promote bleeding.
• Aloe vera: Oral dose provides laxative effects, but it's actually too powerful a 

laxative for regular use and might cause potassium depletion. It's a skin moisturizer,
but it doesn't, says Dr. Hill, promote wound healing time like people claim.

• Yohimbine: This is an alpha2 antagonist. Alpha 2 receptors block insulin release in 
the pancreas, and make you release glucagon, and make your GI sphincters 
contract, so blocking alpha 2 makes you block glucagon, and lets you release 
insulin, and in one study yohimbine was able to help reverse hyperglycemia by 
partially reversing down-regulation of insulin in mice.8 But Yohimbe also promotes 
angina (chest pain). It's also a serotonin antagonist, which is obviously not good if 
you're a depressed person. It increases your blood pressure and heart rate and 
might cause tremors. Also, it increases sexual activity in rats. People claim to use it 
for impotence.

• Ginseng: Some studies indicate it increases your energy, maybe because it 
stimulates your sympathetic system, and it may provide memory enhancement. But 
it can also cause insomnia and nervousness, and if you have asthma, emphysema, 
high BP, and cardiac arrhythmias, or you're taking diabetic or anti-depressant 
medications, you should stay away!

• Ephedra: People try to use this to promote weight loss. And in real life, it's a bit of 
an anorexic, but it also raises your BP and HR and causes insomnia, and if you've 
got hypertension—which a lot of overweight people do—it can put you into 
hypertensive crisis. So...maybe not so good for weight loss. It's got ephedrine and 
pseudoephedrine, so it's a nasal decongestant. It's a stimulant that can interact with
MAOI drugs. If you're a diabetic, or you've got an enlarged prostate, stay far far 
away.

• Saw palmetto: This drug is supposed to relieve benign prostatic enlargement and 
asthma. It can make your tummy upset. A pubmed search I did brings up a ton of 
stuff,9 and Dr. Hill also says it looks like it does help with benign prostatic 
enlargement. I found a really awesome ten-year study that just came out showing 
that it really did keep hyperplasia from progressing, but the thing is in Russian!10

• Feverfew: This is supposed to relieve migraines, but in real life only dried leaves, 
not the extract, can reduce migraine attacks, and side effects are nervousness, GI 
irritation, and cramping, and chewing the leaves can give you oral ulcers.

• Garlic: Lowers LDL by 5-10 percent, thins your blood, decreases clotting, and 
lowers BP mildly, but you need more than one clove a day. Which, if you love 
garlicky food, is not a problem...

General Topic 9: Medication Errors

8 Sim YB1, Park SH1, Kim SS1, Lim SM1, Jung JS1, Suh HW2. Activation of spinal α2 adrenergic receptors induces 
hyperglycemia in mouse though activating sympathetic outflow. Eur J Pharmacol. 2014 Aug 30. pii: S0014-2999(14)00627-X. doi: 
10.1016/j.ejphar.2014.08.022. [Epub ahead of print]

9 http://www.ncbi.nlm.nih.gov/pubmed/?term=saw+palmetto+benign+prostatic+hyperplasia LAZY QUOTATIONS 
SO SHOOT ME

10Aliaev IuG, Vinarov AZ, Demidko IuL, Spivak LG. The results of the 10-year study of efficacy and safety of Serenoa repens 
extract in patients at risk of progression of benign prostatic hyperplasia  Urologiia. 2013 Jul-Aug;(4):32-6. 



You should check out these websites to learn the most common medication errors, and 
how to avoid them. Lots of medications have similar names.

ismp.org
mederrors.com

In small group we talked about how the second-most common cause of medication errors 
is bad handwriting on prescriptions. Electronic scripts have reduced medication errors by 
about 40 percent, so that's pretty neat, but I guess I should learn better handwriting?

General Topic 10: Pharmacogenomics and Toxicogenomics

We're getting to a point now where we may be able to analyze a patient's genome based 
only on a single cell, Dr. Matta says. Soon, says Dr. Matta, it may be possible to get a 
patient's genotype in fifteen minutes for fifteen dollars, making us the first generation of 
doctors that have to deal with widespread access to patients' genes and really incorporate 
that into daily clinical practice. 

That's useful, because right now thirty to sixty percent of patients treated with drugs don't 
respond to therapy. You can picture a population dose-response curve in your head, a big 
bell curve, and in the middle you've got the average response to the drug; at one extreme 
you've got the sensitive people who respond so much, and at the other extreme, the left-
most extreme near zero, you've got people who are resistant, and the drug's got minimal 
effect. It gets pretty bad, to the point where hypertension drugs have a 30 percent rate of 
poor response, and schizophrenia drugs have up to a 70 percent rate of bad response! If 
an airline told you that 70 percent of their passengers don't arrive at the destination, would 
you fly that airline? I don't think so.

Some of this variation in drug response has to do with lifestyle—someone might be eating 
something that inhibits their metabolism of the drug—but a large part of that non-response 
or failure to respond has to do with genetics. As an example, CYP2D6 is the most 
polymorphic P450 enzyme gene. The variation in CYP2D6 determines how fast you 
metabolize codeine. If your patient's a fast metabolizer of a drug, you'll have to raise the 
dose or give it every two or four hours instead of every six hours to make it effective; if 
your patient's just slow—like 5-10 percent of caucasians, and more asians—and her drug 
concentration levels stay high for a long time because she takes a while to metabolize 
things, you have to give her a smaller dose, or put a lot of space between doses, so she 
doesn't pass out. Now they've made a “Roche AmpliChip P450 Test” so they can find 
which patients have variations in their CYP2D6 and CYP2C19 CYP450 genes. 

Another example. Some cancer centers now do routine TPMT genetic testing before they 
give patient's thiopurine drugs that deal with cancer, transplants, rheumatoid arthritis, 
lupus, dermatology, and Crohn's disease. Patients with high TPMT enzyme activity don't 
respond at all to thiopurine drugs; patients with low TPMT enzyme activity get toxic doses 
really fast, and may even become more likely to find their tumor coming back. 

Sometimes, of course, you'll have polymorphisms that have nothing to do with metabolic 
rate—you can't change the dose or the release to affect the patient, you need to change 
the drug—and the patient has different pathways going on that cause unusual interactions 
or her receptors don't bind the drug at all or even provide the opposite effect from what you
intended. Part of the drug response variation may also have to do with the placebo effect, 
in reverse: when you believe something will help you, your brain releases chemicals that 



help you, to some small extent, and when you believe something it won't, and you stress 
about it, you release cortisol, which doesn't help you much at all. Placebo effect probably 
doesn't have nearly as much impact on drug efficacy as genetics, though. 

So we're moving towards more personalized medicine. Pharmacogenomics is where you 
look at how an individual's whole genetic makeup affects your patient's response to 
drugs; pharmacogenetics is where you look at single genes that affect her individual 
variation in response to drug metabolism and distribution. A patient who's got a CYP2D6 
variation in her germline DNA won't respond to codeine; a patient who's got an NAT2 
variation in her germline DNA develops an autoimmune response to hydralazine and 
procainamide; a pt with a germline mutation in ALOX5 doesn't respond to 5-lipoxygenase 
inhibitors that are supposed to lower inflammatory response; and a woman with breast or 
gastric cancer who doesn't express the HER2+ gene won't respond to the anti-cancer drug
herceptin. These are all pharmacogenetic observations, but if you put them together they 
tie into the pharmacogenomic picture you paint of a patient. Pharmacogenomics has huge 
implications on drug research: some drugs that we discard, because they're super-
dangerous for most people, might actually be the only thing that helps some individuals 
with really resistant genetic profiles, so what do we do with that? Knowing more about 
each individual patient could really help you.

You may also have a patient who works in a high-risk area (like mining or something), and 
If you'd like to know a bit about how genomics deal with your patient's response to toxins, 
you can check the National Center for Toxicogenomics, at 
http://www.niehs.nih.gov/nct/home.htm. ToxCast is a program that predicts hazards and 
prioritizes toxicity testing of environmental chemicals at the EPA. Don't say I don't give you
ways to stay up to date. = P Oh, and there's a toxicology board you can take, to be 
certified; if you take the PhD version you're certified anywhere you go, and you don't have 
to take a fellowship, but if you take the MD one you maybe have to do a fellowship, maybe
—but you'll want to double-check that yourself.

Epigenetics, for me, is the missing link between environment and genetics. --Dr. Matta, 
discussing how epigenetic modification, via environment, can effect changes in an individual's germ line that 
alter their children's toxicity responses

General Topic 11: Drugs for Old People

By 2040 folks 65 or older will be 25 percent of the US population, buying 50 percent of the 
prescription drugs—while adverse drug events is the most common cause of iatrogenic 
illness in hospitalized elderly patients, making up ten to fifteen percent of hospital 
admissions in the US. To put it a different way, for every dollar spent on meds in nursing 
homes right now, about $1.33 is spent on drug-related problems. About 28 percent of 
these drug events are preventable. So how can you jump into that prevention statistic?

You should know:
• In older folks, the rate of absorption slows, but the extent of absorption doesn't. 

They absorb the same amount, just slower, with the same bioavailability.
• Older folks have a decrease in total body water and lean mass, and an increase in 

body fat, which means that hydrophilic drugs get a lower volume of distribution. (So 
like they'll get drunk on ethanol faster)

• Albumin is lower in the elderly, so you get more of the drug unbound and active 
(which is going to affect diazepam, dilantin, phenytoin, and warfarin)

• Phase 2 metabolism in the liver isn't affected by age, but phase 1 is as the liver 



decreases in size with age, so phase 2 drugs are better in older people. Like 
lorazepam, which becomes inactive through phase 2 easily. (Phase 1 in the liver is 
more oxidation and reduction, while phase 2 is conjugation and stuff.)

• Liver function goes down with age, and because they don't make a lot of muscle, 
they don't produce as much creatinine as the rest of us do, so using creatinine can 
actually over-estimate their liver function (they could be eliminating a lot more 
creatinine than they should). So instead we use <(140 minus age)*(weight in Kg)> 
divided by (serum creatinine times 72). For a woman, you multiply this by 0.85. The 
normal is over 70 mL/minute. The most precise way to know is to take a 24-hour 
urine test and look for protein.

• Beta adrenergic receptor sites go down as you get older, so beta agonists and beta 
blocker effects are blunted.

• They tend to have more sedation and lower psychomotor scores after 
benzodiazepine because of some kind of receptor effect.

• Baroreceptors are less sensitive, which makes older people more orthostatically 
hypotensive after meds. Their blood pressure doesn't adjust as fast when they 
stand up and such.

• Anyone who is over 85, with a low body weight, 6 or more chronic diseases, 9 or 
more meds, and 12 or more doses of meds per day is more at risk for adverse drug 
events.

• No digoxin with diuretics: diuretics potentiate the digoxin.
• No inderal with tagamet: Inderal is a beta-blocker, and Tagamet is an antiacid, but 

the Tagamet inhibits the breakdown of inderal, potentiating it, and giving you 
bradycardia.

• No sleep hypnotics with ethanol: Dude, this can put you into a coma.
• No sulfonylureas with warfarin: Sulfonylureas are useful in diabetics to drive down 

sugar, but when you use it with warfarin it potentiates its effect, causing 
hypoglycemia.

• No coumadin with flagyl: The antibiotic flagyl or metronidazole kills some of your gut
bacteria that make vitamin K, and without the vitamin K you get more effect with 
warfarin and you get hemorrhage.

• No Ace inhibitors with diuretics: Your blood pressure will go way down, or you'll 
have really high potassium if you used potassium-sparing diuretics, and that can 
cause heart arrhythmias.

• No benzodiazepines with antidepressants: Especially any anti-depressants or anti-
psychotics that are anti-cholinergic. You get confusion/sedation, dry mouth, and the 
other anti-cholinergic overdose effects.

• No benzodiazepines with antipsychotics: confusion and falls.
• No beta-blockers with diabetics, because beta blockers mask sympathetic response

to hypoglycemia. This isn't completely contraindicated, actually, but it is a concern. 
• No Ginko biloba with anti-platelet drugs, because you can get brain hemorrhage.
• Before you prescribe any new drug, ask yourself:

◦ Do the benefits of this drug outweigh the risk of the med?
◦ Is this med now treating the adverse effects of another drug? What if I just 

change the first drug instead?
◦ Can I give one med for two conditions instead of two?
◦ Are there any non-pharm ways to treat this patient? What about drug 

interactions?
◦ What's the lowest dose I can give to reach the effect I want?

• Try not to start with two or more drugs at the same time, and use the non-pharm 
solution first. For example, you might have a dementia patient who wakes up 



everyone in the nursing home with his agitation, and he does it night after night, and
they want you to give him drugs. But maybe his roommate keeps coughing all night,
and it bothers him, and he can't express to you how much it keeps him from 
sleeping, and that's what's making him agitated. Maybe if you just moved him to 
another room, he would stop, and then he'll live a longer, happier life than if you 
gave him drugs. It takes more work to identify this stuff, says Dr. Torres, but it's 
worth it. Maybe sending your lonely elderly patient out and giving him activities to 
do is just as good, or better than Zoloft.

• Provide med changes in writing so the elderly patient doesn't forget.
• Check the BEER list for drugs old people can't have. These include xanax and 

valium benzodiazepines, tricyclic antidepressants like amitriptyline, amphetamines 
like Adderall, antihistamines like Benadryl, anticholinergics like benytl, narcotics like 
demerol (its metabolites accumulate really fast and hard), NSAIDs like indocin, 
antipsychotics like mellaril.

DRUGS

Most of this section is memorizing drugs and what they do. So I'll put a drug list here to 
match the flashcards, but the flashcards are the killer here. In each segment, I'll go over 
basic principles we need to know to understand the drugs we're memorizing, and then give
a list of drugs to know.

You can skip straight to the FCARDs if you want.

FCARD: pharmacology: drug-use
FCARD: pharmacology: mechanism-of-action
FCARD: pharmacology: interactions
FCARD: pharmacology: generics
FCARD: pharmacology: errors
FCARD: pharmacology: side-effects

Autonomic Pharmacology/Ganglionic Blockers

 Quick definitions to help you decode the drug names in this section:
lytic means it blocks activity, mimetic means it mimics an endogenous agonist and 
increases activity, ergic tells you what neurotransmitter gets released by that neuron, and 
ceptive means what kind of neurotransmitter that neuron accepts. Drugs with the suffix olol 
tend to be beta-blockers. Beta-blockers with names towards the end of the alphabet tend 
to be non-selective, and with names towards the beginning are more selective (metoprolol 
is selective...not sure what the cut-off is). All the igmins are direct muscarinic agonists that 
work by inhibiting acetylcholine esterase.

Quick high-yield principles to remember about parasympathetic vs. sympathetic 
innervation for drug targets, and why your autonomic ganglionic blockers work:

• Parasympathetic pre and post ganglionic areas are all stimulated by Ach.
• All the pre-ganglionic Ach is hitting nicotinic receptors; all the post-ganglionic ACH is

hitting muscarinic receptors (like in the organ). Remember this because I in nicotine
comes before U in muscarinic in the alphabet.

• Sympathetic system pre-ganglionic neurons release Ach, and then the post-
synaptic neurons release epinephrine or norepinephrine. 

• Only in the sweat glands does the sympathetic system post-ganglionic release Ach 



(to muscarinic receptors). (Pre-ganglionic is still Ach to nicotinic.)
• Only in the renal vascular smooth muscle does the sympathetic post-ganglionic 

neuron release dopamine. (Pre-ganglionic still Ach to nicotinic)
• The Ach nicotinic receptors in the somatic system's skeletal muscle, that you move 

because you want to, are different than the Ach nicotinic receptors in the pre-
ganglionic system of the autonomic system. 

You should remember from neuro (pg. FIXAL) and physio (pg. FIXAL) how cholinergic 
transmission works. Receptors:

• In the muscle nicotinic receptors are channels that let sodium in, which then triggers
calcium release from sarcoplasmic reticulum. 

• In the brain nicotinic receptors are channels for calcium, too. 
• Muscarinic receptors are G-protein-linked receptors. You've got three types of 

muscarinic receptors:
◦ M1 is “neural” and mostly in autonomic ganglia, presynaptic nerve terminals, 

and the CNS, and it works by increasing IP3 and DAG. It's Gq coupled.
◦ M2 is “cardiac” and it hits cardiac tissue on the SA and AV nodes, and it works 

by upping potassium efflux or decreasing cAMP (to slow heart rate and 
conduction). It's Gi coupled.

◦ M3 is “glandular” and it lives in smooth muscle and glands and vascular smooth 
muscle. Like alpha1 receptors in the sympathetic system, M3 works by 
increasing IP3 and DAG, and contracts smooth muscles and makes your glands
secrete stuff. In vascular smooth muscle, M3 works by upping cGMP after NO 
stimulation. It's Gq coupled. 
▪ Remember, however, that there are no parasympathetic nerves in your 

vasculature, so the M3 receptors there don't usually have any ACH to work 
with, so ONLY DRUGS can trigger them to vasodilate you. A direct 
muscarinic agonist will cause vasodilation, while an ACH esterase inhibitor 
will not becasue there's no innervation there, so there isn't a ACH released 
for ACH esterase to break down to begin with.

Ganglionic blockers work by blocking nicotinic receptors which are in both 
parasympathetic and sympathetic. Remember, everyone has nicotinic receptors pre-
ganglionically.

And also, remember how adrenergic transmission works (neuro pg. FIXAL, physio pg. 
FIXAL). Once you make norepinephrine and epinephrine, they bind to receptors.
General rules for receptors:

• alpha 1 contracts smooth muscle
• alpha 2 generally is presynaptic to inhibit NE release.
• beta 2 generally relaxes smooth muscle, so vasodilates
• beta 1 generally contracts cardiac muscles.

Those are the big rules. Remember also that alpha 2 also lowers aqueous humor 
secretion, Ach release, insulin secretion, lipolysis, and increases platelet aggregation. 
Norepinephrine stimulates everyone except beta 2. Beta 2 are for vasodilating to send 
blood to skeletal muscles and liver in response to sympathetic stimulation.

Once you're done using these chemicals, you break them down and re-uptake them. 
MAOA and MAOB are two different enzymes to break down catecholamines. MAOB is 
specific for dopamine. 



This is where we talk about cheese. Dietary tyramine is in wine, cheese, pickled herring, 
etc. Tyramine's normally metabolized in your gut and your liver. If you have a MAO blocker,
it won't be metabolized, and it'll escape the gut and the liver to promote release of all this 
norepinephrine and you have this big side-effect. You're not breaking it down, and you're 
also releasing it, so now there's too much NE everywhere. You get kind of the same 
interaction if your inhibit MAO while you're taking an alpha one agonist. The alpha one 
agonist acts like NE, and then doesn't get broken down, so then you have too much alpha 
one stimulation everywhere. People don't use MAO blockers often so you don't have to 
worry too much. 

Different organs have different set points, so different drugs will have different 
impacts in different parts of your body. For example, your heart's natural heart-rate is 
way above what you want it to be to survive, but the parasympathetic system has major 
impact on that organ, pretty much controlling it and slowing it down. You can affect an 
organ system by helping one or the other side in the tug of war. 

In the heart, parasympathetic dominates. Sympathetic is beta one, parasypathetic is M2 
receptors. Chronotropy is when you increase the heart rate at the SA node. Inotropy is 
when you increase contractility in the atria and ventricles. Think of inotropy like ions, ions 
come into muscle, more contraction. Ectopic pacemakers are bad. They happen if too 
much beta one receptor stimulation. AV node dromotropy means you increase conduction.

In blood vessels sympathetic dominates.
Remember for blood vessels, pretty much the autonomic system is only sympathetic, 
unless you're talking blood vessels in the penis or clitoris.
In arteries, alpha 1 makes vasoconstriction; in skin and mucosa alpha 1 makes contraction
of vasculature.
Veins: alpha 1 vasoconstriction.
Did you know your spleen can contract? Alpha 1 receptors contract your spleen and you 
make more red blood cells spat out.
Skeletal muscle and liver vasculature have vasodilation via beta 2. Beta 2 basically makes 
your liver detoxify all that lactic acid your muscles are generating.
Parasympathetic M3 receptors do exist on all these things, but there's no nerve going in 
there. So why are they there? Well we use them pharmacologically! I think God knew we'd 
need to make drugs for these things. In pharmaco, M3 receptors makes you release NO 
and get vasodilated on all these places.

In the respiratory system parasympathetic dominates.
Muscarinic recpetors in bronchii are M3. These support bronchoconstriction, while beta2 
receptors from sympathetic bronchodilate tracheal and bronchial muscles. There are also 
a few alpha 1 sympathetic receptors in the bronchi to lower secretion.

Remember that your brain also uses ACH. This can cause problems for elderly folks 
because we like to give them antimuscarinics for their incontinence, but those 
antimuscarinics could also block their CNS function, so sometimes you are making them 
'senile'.

In GI tract parasympathetic dominates. M3 contracts smooth muscle and increases 
relaxation of sphincters and motility. The only place it doesn't relax sphincters is in your 
esophagus—it contracts that. I think of parasympathetic as promoting GI function always, 
which means making things flow and move and stuff, but keeping everything within the 



true GI system means you shut the esophageal sphincter. I hope that makes sense.
M1 increases secretion.
M1 activates myenteric plexus.
Alpha 2 and beta 2 relax smooth muscle and lower motility while alpha 1 contracts 
sphincters.

In skin sympathetic dominates. Alpha 1 contracts hair follicles and increases secretion in 
sweat glands. Remember the eccrine sweat glands for thermoregulation? They are all over
your body, and their post-ganglionic receptors are muscarinic and take ACH even though 
they're sympathetic. They're an exception to the normal rule of adrenergic post-ganglionic 
transmitters with sympathetic: they're cholinergic sympathetic. They increase sweat 
secretion.

In the eye parasympathetic dominates. Circular mM3 receptors in your sphincter muscle 
contract-->miosis-->pupil is dilated. I remember midriasis versus miosis because midriasis 
has a d like dilate. 
You've also got a ciliary muscle. That uses M3 receptors, and its contraction makes the 
lens thicken for accomodation to increase curvature for near vision. Accomodation is near-
sight, for reading: remember this because you don't get born reading, you accommodate 
yourself to it. If you can't accommodate anymore, that's called cycloplegia.
When the lens thickens, and the ciliary muscle contracts, they kind of move out of the way 
to open the drainage network of the aqueous humor. That's gonna be relevant for 
glaucoma. Lacrimal grands are by M receptors to increase tearing. Sympathetic receptors 
in your eye include alpha 1 in the radial muscle. That's the muscle that stretches from the 
circular muscle back to the outside of the eye, stretching out away from the pupil like 
sunbeams to cause midriasis, open the pupil, dilate the eye. Alpha 1 stimulation of radial 
muscles makes mydriasis. Ciliary muscle also has beta two receptors, which promote 
relaxation, far vision, etc. Ciliary epithelium beta receptors stimulate aqueous humor 
secretion so you make more aqueous humor. Alpha-2 agonists stop these receptors, and 
stop aqueous humor production, because alpha-2 receptors' primary job is to keep NE 
from getting released—they're the feedback inhibition part of sympathetic system. So if 
you trigger an alpha 2 receptor, it'll turn off NE, and then there's no NE to trigger those 
beta two receptors to promote aqueous humor secretion, and you get less aqueous humor.
That's good for open angle glaucoma.

You can use direct and indirect agonism to diagnose Horner's syndrome. If the 
postganglionic neuron is damaged, there's no neuron to release NE or E into the eye, so 
giving an indirect-acting agonist won't dilate the pupil. It's trying and trying to promote NE 
release, but there's no NE to release from, so that doesn't work. A direct acting agonist will 
always dilate the pupil, and if there's nerve damage, it actually might dilate the pupil MORE
because there's less control. An indirect-acting agonist will only dilate the pupil if the 
preganglionic nueron's damaged and the postganglionic neuron still works—as long as 
there's a postganglionic neuron to release catecholamines from, we're good. So you could 
give your pt ampheatimes versus phenylephrine to compare this—amphetamine will only 
cause dilation if the post-ganglionic neuron is intact, while phenylephrine will cause dilation
either way, as long as there are still receptors in that eye.

A few more adrenergic drug principles. All problems with sympathomimetics are 
extensions of their therapy effects. If it can increase blood pressure for septic shock, well it
can also cause hypertension and cerebral hemorrhage and pulmonary edema in 
overdoses. If it can trigger increased heartrate for someone with bradycardia, well it can 
also cause ventricular arrhythmias. If it can increase blood glucose, well it can also cause 



hyperglycemia. If it can increase your arousal level, well it can also make you restless and 
give you insomnia.

Sometimes you naturally just have too much sympathetic activity. You know, like if you 
have a thyroid storm, or your body doesn't let you pee, or you have migraines, or you 
make too much aqueous humor and you get glaucoma, or you have arrhythmias, or 
hypertension. That's why it's nice to have adrenergic blockers. 

Out of beta blockers, know that A to M are selective, N to Z are non-selective.

Autonomic drug list: cholinergic stuff

• Direct cholinergic agonists for acetylcholine, work by binding to nicotinic receptors: 
nicotine 

• Direct cholinergic agonists for acetylcholine, work by binding muscarinic receptors: 
muscarine, bethanechol (urecholine), pilocarpine (isopto carpine)

• Indirect cholinergic agonists, work by inhibiting ACH esterase so Ach stays longer: 
neostigmine (prostigmin), edrophonium (tensilon), physostigmine, echothiophate, 
pralidoxime (2-PAM)

• Indirect cholinergic agonists that don't inhibit ACH esterase, but still up-regulate 
acetylcholine: metoclopramide (Reglan)
◦ Metaclopramide works to prevent esophaegeal reflux by blocking presynaptic 

dopamine receptors
• Blocker that proteases synaptobrevin and SNAPs so they can't bind release 

vesicles to the membrane, so ACH can't be released: Botox
• Muscarinic blockers: atropine, ipratropium (atrovent), scopolamine, benztropine 

(cogentin), oxybutynin (ditropan)
• Ganglionic blockers: mecamylamine (inversine), hexomethamine

Autonomic drug list: catecholamines, adrenergic stuff

• Direct-acting catecholamines: norepinephrine (levophed), isoproterenol (isuprel), 
epinephrine (adrenalin chloride), dobutamine, and dopamine (nitropine)
◦ Norepinephrine binds to all adrenergic receptors except beta 2
◦ isoproterenol only binds beta 1 and beta 2 receptors

▪ it is occasionally, but rarely, used to treat AV block
◦ Dobutamine only binds beta ones and beta twos, and prefers to bind beta one, 

used for CHF
◦ Epinephrine binds all adrenergic receptors, but it binds alpha 1 a little less than 

the other three, so at low doses, beta actions predominate in the cardiovascular 
system. At medium doses, alpha one and beta two action kind of cancels itself 
out, and at high doses, alpha one predominates, so it acts like norepinephrine, 
and you get increased total peripheral resistance and a potential reflex 
bradycardia.

◦ Gotta give these parenterally because the COMT and MAO in the liver 
inactivates them really fast (that's the first pass effect)

• Alpha 1 agonists: phenylephrine (neo-synephrine) and midodrine (proamatine)
◦ phenylephrine is the prototypical selective alpha 1 agonist. It can be used for 

eye exams because it's short-acting and doesn't produce cycloplegia (doesn't 
stop accomodation); ephedrine is also used for this

◦ Midodrine is used for chronic orthostatic hypotension



◦ Tetrahydrolozine (visine/ tyzine) is an alpha 1 agonist used for corneal 
vasoconstriction

• Alpha 2 agonists: clonidine (catapres), brimonidine (alphagan), methyldopa 
(aldomet)
◦ Clonidine decreases sympathetic outflow from CNS by directly blocking rostral 

ventrolateral medulla neurons—remember, when you bind alpha 2, you help 
alpha 2 inhibit norepinephrine release—which can help lower hypertension.

◦ Clonidine can also help fix diarrhea in diabetics who have autonomic neuropathy
and so their sympathetic system makes them go all the time.

◦ Clonidine can also knock down cravings during narcotic and alcohol withdrawal.
◦ Clonidine is also helpful in ADHD, as is its buddy guanfacine (tenex).
◦ Methyldopa is a prodrug that turns into methylnorepinephrine, it has high protein

binding so can be used in pregnant women, but can cause hemolysis because 
positive Coombs test-->becomes hapten with that bound protein

◦ Brimonidine and apraclonidine (iopidine) help deal with open-angle glaucoma by
helping alpha 2 stop norepinephrine and stop aqueous humor from getting 
produced; epinephrine and its prodrug dipivefrin can do this too 

◦ Dexmedetomidine (precedex) is an alpha 2 agonist that's so good at helping 
alpha 2 knock out norepinephrine, it can put you all the way to sleep! It's used 
for sedation.

• Beta 1 agonist: dobutamine (dobutrex)
◦ Low to moderate doses increase CO without increasing TPR, which helps in 

cardiogenic and septic shock
• Beta 2 agonists: Albuterol (proventil, ventolin), ritodrine (yutopar), and terbutaline 

(brethaire, brethine, bricanyl)
◦ Ritodrine is used to delay childbirth  (relaxation of smooth muscle)
◦ The other two are asthma meds
◦ Albuterol is only relatively selective, and can occasionally cause increased 

heart-rate
• Causes release of catecholamines by acting at the synaptic terminal, outside: 

Amphetamines, methylphenidate (ritalin), tyramine (from cheese, sausage, wine, 
and pickled fish), ephedrine, pseudoephedrine
◦ Ephedrine and pseudoephedrine are mixed drugs. They release stored 

catecholamines, but also directly activate alpha 1 adrenoreceptors
▪ Ephedrine is for asthma 
▪ Pseudoephedrine is nasal decongestants

• Keeps catecholamines active by blocking uptake of NE and others: cocaine and 
tricyclic antidepressants
◦ cocaine can help prolong local anesthetic by being an alpha 1 agonist, too, 

which helps vasoconstrict and keep the blood in that area of the body so it 
doesn't wash out the anesthetic

• Catecholamine precursors: L-dopa
• Ergot alkaloids: mixed adrenergic effects

◦ These are drugs that originally came from rye fungus, claviceps purpurea. 
Fungus can cause epidemics like St. Anthony's fire, which was a death of 
vasoconstriction, gangrene, loss of limbs, and convulsions, and sucked

◦ LSD is a synthetic ergot alkaloid 
◦ Ergotamine (cafergot) is an alpha 1 agonist and serotonin system effector that 

helps migraines
◦ Ergonovine (ergotrate) is an alpha 1 agonist that helps treat postpartum 

bleeding



◦ Bromocriptine (parlodel) is a D2 agonist that hits your anterior pituitary to knock 
down prolactin release so you stop having hyperprolactinemia and you stop 
being infertile, and it might also help for parkinsonism

• Alpha blocker, nonselective: phentolamine (regitine)
◦ Phentolamine is a competitive inhibitor that hangs around only 3-4 hours
◦ Another nonselective alpha antagonist is phenoxybenzamine (dibenzyline) 

which alkylates the alpha adrenoreceptors forever (or until the receptors are 
destroyed and replaced in 3-4 days, whichever comes first = P)

• Alpha 1 selective blocker: prazosin (minipress)
◦ Others: Doxazosin, tamsulosin
◦ These can be used for hypertension, and also for the symptoms of benign 

prostatic hyperplasia (these relax sphincters to help you pee, so of course side 
effects in folks using them for hypertension might be urinary incontinence)

• Beta blockers, nonselective: propranolol (inderal), nadolol (corgard), pindolol 
(visken), labetalol (normodyne), carvedilol (coreg)
◦ Labetalol and carvedilol also have other action—they aren't only beta blockers—

and they have combined alpha blockage, too. 
◦ Carvedilol is good for heart failure.
◦ Pindolol is a partial agonist, which means it can also have some intrinsic 

sympathomimetic activity (ISA) when it acts on its own, but normally when 
you've got your natural catecholamines there it's a blocker because it has only a 
partial effect while it takes up receptors they could use to get full effect 

◦ Propranolol is super-sedative
◦ Beta-blockers increase lipid profile, so not the best best for someone with 

atherosclerosis unless you also give them statins or stuff to lower cholesterol
• Beta one blocker: metoprolol (lopressor)

◦ Atenolol (Tenormin) is another beta-one selective blocker used for CHF
• Blocks adrenergic system by inhibiting tyrosine hydroxylase so you can't turn 

tyrosine into DOPA: metyrosine (demser)  
• Blocks adrenergic system by blocking conversion of dopa into dopamine by 

blocking dopa decarboxylase: carbidopa
• Keeps dopamine and other catecholamines from getting packaged into vesicles: 

reserpine (serpasil)
◦ cheap anti-hypertensive, dangerous because not specific-->not used as much 

because causes serious depression
• Blocks exocytosis of your catecholamine stores: bretylium (bretylol) and 

guanethidine (ismelin)
◦ Guanethidine interacts with tricyclic anti-depressants. It works by getting 

uptaken through NE's re-uptake pump and then blocking NE's vesicles from 
opening; TCAS, they keep it from working by blocking the re-uptake pump it 
needs to work.

Cardiovascular drugs

Same deal. Treatment principles, then a concise list of drugs. Skip to the drug list if you 
want. 

Quick Principles...Cardiovascular disease are a big deal, bla bla bla, if you haven't 
figured this out by now you're never going to be a doctor. (Wow that was mean) 
Hypertension's the most common cardiovascular disease, and a ton of it's not treated. 



Kind of interesting to note that heart failure patients are becoming more common now-a-
days as we manage myocardial infarction better and better, so those patients survive to 
then suffer of heart failure. We treat these problems by controlling risk factors, with 
diuretics, with beta blockers, with calcium channel blockers, ace inhibitors, angiotensin 1 
blockers, clot busters (thrombolytics), and calcium sensitizers. (These are listed in order of
discovery since 1950, down to the year 2000)

Quick HEART FAILURE principles. Heart failure goes from I to IV in severity, with IV 
giving your patient symptoms even at rest, and I not limiting your ordinary activity at all, 
only affecting your exercise. If you have no symptoms at rest, but you can't handle even 
less than ordinary exercise, you're a III. In systolic heart failure, you've got left ventricle 
problems and you've lost contractility and lowered your ejection fraction. In diastolic heart
failure, or right-sided failure, you've had stiffening and loss of relaxation, and decreased 
cardiac output, and a normal ejection fraction. (In only hyperthyroidism do you have high 
output and still failure, where the output it just SO high that your body can't handle it) In all 
of these conditions, reducing the workload on the heart (the preload), and reducing 
the afterload, and lowering the amount of fluid, would make it easier for your heart to 
work. You would also like to enhance myocardial contractility so that your heart can 
“bounce” the blood out like it should. All heart drugs that increase cardiac contractility are 
called positive inotropic drugs. Basically, with all heart failure you start by naturally 
restricting sodium and water and reducing the work load of the heart, and then you go into 
drugs: diuretics first, ACE inhibitors or ARBs, and then positive inotropes like 
digitalis, beta blockers, and vasodilators. Pts with systolic dysfunction or atrial fibrillation 
take digitalis right away. 

Digitalis is a cardiac glycoside. Cardiac glycosides are positive inotropes that all have 
active lactone rings, mimicking hydrocortisone like steroids. They act on the sodium 
potassium pump, blocking it. This helps sodium accumulate in the cell, which triggers 
opening of the calcium channels, and that keeps lots and lots of calcium around to help the
muscle contract. That increase in contractility means you get stronger contractions, and 
the sympathetic nervous system stops freaking out and upping your heart-rate so much 
(that's an indirect effect). Instead, as arterioles and veins dilate to accommodate your big, 
strong heart strokes, you get some vagal stimulation and the heart-rate slows down and 
you slow or stop the cardiac hypertrophy. Decreasing the heart-rate also means the heart 
has less oxygen consumption, and you're at less risk of stress and infarction. So cardiac 
glycosides themselves don't lower the heart-rate, but they make your body compensate for
what they do by withdrawing the sympathetic system and lowering the heart-rate. That's a 
compensatory, indirect response. With that increased stroke volume, they will either 
increase or not do anything to your blood pressure. Because cardiac glycosides block the 
sodium-potassium pump, they also have some electrical effects, and they directly 
stimulate the Vagus nerve, which of course would directly lower heart rate.

Cardiac glycosides are a little weird when they're fixing arrhythmias and not heart failure, 
though. Even though they increase vagal tone, they decrease automaticity (and 
decrease conduction through) the AV node. This makes them good for atrial 
tachycardia or atrial fibrillation, or anything with you've go supraventricular craziness going
on—basically you slow down the conduction of the crazy atrial signal before it gets to the 
ventricle. Cardiac glycosides enhance automaticity in the His-Purkinje system, though,
which is why if you've got digoxin toxicity you might have complete heart block at the AV-
node, but an accelerated junctional escape rhythm. At therapeutic doses, cardiac 
glycosides slow the SA node, but at really high doses they totally block it. In the 
EKG, digitalis shortens the ST-wave and inverts the P-wave.



There are a lot of dangerous things that can happen with digitalis and other cardiac 
glycosides. If you take quinidine, the amount of digitalis in the serum doubles. If you take 
spironolactone, you decrease tubular secretion of digitalis and increase its serum level by 
25 to 33 percent. If you take tetracyclin and erythromycin, not only does the serum level of 
digitalis double, but you inhibit the antibiotics' bacterial inactivation. Verapamil, nifedipine, 
and amiodarone all increase serum digitalis levels by 45 to 80 percent. Antacids and 
sulfasalazine decrease its absorption, also which decreases its serum level. Nitroprusside 
and hydralazine increase renal clearance and tubular secretion of digitalis, which decrease
its serum level. This is all very bad, because digitalis has a very narrow margin of safety, 
with an ED/LD of ¼ and an ED/TD of ½. If you're taking diuretics, or anything that makes 
your potassium go down, you're also in danger of toxicity because low potassium means 
more inhibition of sodium-potassium pump. If you're someone who already has 
hypercalcemia, digitalis' effect will be too much on you. People with decreased renal 
function are at risk with digoxin, and folks with chronic lung disease, who might get 
acidosis, might get potassium imbalances that will, again, poison the already-limited 
sodium potassium pump. Older folks are also more prone to digitalis toxicity. Beta-blockers
and verapamil with cardiac glycosides completely block AV conduction, and methyldopa 
increases bradycardia. Beta agonists and succinylcholine make you heart more sensitive 
to arrhythmia. If your pt is suffering cardiac glycoside toxicity, he'll have headache, fatigue, 
drowsiness, hallucinations (both auditory and visually), blurred vision, and a change in 
color vision, all because of the neurological effects of losing your sodium-potassium pump.
The loss of color vision is one of the first things you lose. You'll also get nausea, vomiting, 
diarrhea, and eventually the SA block, AV dissociation, and sinus arrest.

You can treat digitalis toxicity by stopping the drug (obviously), and giving activated 
charcoal and other resins that bind steroids. Atropine might stop the AV block, phenytoin or
lidocaine might stop the ventricular arrhythmia, and you might even give antibodies to 
digoxin (DigiFab). If you can deal with any potassium or calcium imbalance (maybe 
caused by diuretics or another condition) you might also resolve the toxicity that way.

Bipyridines are another kind of positive inotrope. These help with acute heart failure by 
increasing the cAMP in your heart. They inhibit PDE3 (phosphodiesterase) which in turn 
inhibits cAMP. So they increase cAMP in your cells, and more cAMP means more calcium,
and that means more cardiac contractility. They have side effects, like nausea, vomiting, 
arrhythmia, thrombocytopenia, and hepatotoxicity, because just increasing cAMP can have
effects all over your body. These aren't long-long term drugs.

Anti-hypertensive drugs can also help in heart failure, and of course they're meant for all
kinds of hypertension. They focus on decreasing sympathetic tone (so you dilate the veins 
and arterials to decrease preload and afterload), decreasing cardiac output, increasing 
diuresis from the kidneys, or inhibiting the renin-angiotensin system. 

The ones that suppress the sympathetic nervous system are the alpha1 and beta 1 
antagonists, and the alpha 2 agonists. Beta-adrenergic blockers decrease your heart 
rate, and keep you from remodeling, and they up-regulate beta receptors (because the 
more you block them, the more they will be like 'hey, hey, we're not doing our job, let's get 
more of us out here to grab that stimuli'). For acute heart failure, you might use beta-
adrenergic stimulants, to hit beta one receptors in your heart. This increases your 
cardiac output by making your heart fire faster, and reduces ventricular filling pressure, so 
this is not good at all if you have hypertension long-term or chronic heart failure—problems
where your heart is already firing very fast, and already there isn't enough blood in your 



heart, and where your heart is already taking in too much oxygen and working too hard. 

There are also drugs that increase your endothelium NO and cGMP, which in your 
blood vessels causes vasodilation. This vasodilation reduces your pre and afterload, 
making it easier for your heart to work. 

Calcium sensitizers is a new thing, where you don't increase the calcium levels, but you 
make the cardiac myocytes more sensitive to calcium. Basically you make troponin C need
less calcium before it moves out of the way of myosin and actin—it's more sensitive. This 
is nice and safe, because you don't get a calcium overload—you keep the same amount of
calcium in your muscle cells. Calcium sensitizers can also open ATP-dependent potassium
channels, which makes blood vessel smooth muscle relax, dilating your vessels. This 
decreases pre and afterload, and increases cardiac contractility, which is pretty great.

Diuretics specifically for heart failure: Loop diuretics block the sodium-potassium-
2chloride symporter in the thick ascending loop of Henle, keeping sodium and chloride 
from getting reabsorbed by competing with chlorine for its spot. This in turn keeps water 
from getting reabsorbed, so you pee out more liquid, putting less strain on your heart. 
Potassium-sparing diuretics compete with aldosterone for receptor sites inside of the 
cells, or sometimes they just block EnaC sodium channels. Aldosterone usually hits your 
distal tubules and collecting ducts, telling them to reabsorb sodium and water and pee out 
potassium, so when you block it, or block sodium channels that want to reabsorb water, 
you save potassium and pee sodium and water instead. All of this reduces the water in 
your body, and saves the heart work. Potassium-sparing diuretics are good for heart 
failure, because they keep potassium high even while your patient may be taking 
something like digitalis that causes low potassium. (However, spironolactone, one of the 
potassium-sparing diuretics, also decreases tubular secretion of digoxin, in addition to 
decreasing potassium secretion, so...that could be bad, too.) Thiazide diuretics are more 
for hypertension, not heart failure. They block the sodium-chlorine symporter in the distal 
convoluted tubules, so you pee out more sodium instead of taking it back up. This knocks 
down the sodium concentration in your epithelial cells. That means the sodium/calcium 
antiporter on the basolateral membrane starts working harder—it wants to put more 
sodium into the epithelial cells, and it does that by pumping more calcium out of the cells 
and more sodium in. Well, as you take all the calcium out into the interstitium, now there 
isn't much calcium in the cells. Now the calcium can diffuse from the kidney's tube lumen 
into the cell. So in the end you uptake more calcium. Uptaking more calcium is not a good 
thing if you're taking something like digitalis, where you're already having lots of calcium 
retention, so this isn't a good heart failure option.

More hypertension solutions

Direct vasodilators that don't work with the sympathetic system are calcium 
channel antagonists and potassium channel agonists. Calcium channel blockers block
calcium from getting into arterial cells; dihydropyridines specifically block L-type channels 
on vascular smooth muscle cells. Potassium channel agonists increase the outword 
potassium current to keep the membrane hyperpolarized so calcium channels won't open, 
and they're only used for very severe hypertension that won't obey anything else. You can 
also affect cardiac contractility by controlling your sensitivity to calcium, the amount of 
calcium you store or release from the SR, or the amount of calcium exchanged for sodium 
at the membrane.

The ones that target the renin-angiotensin system are ACE inhibitors and angiotensin II



receptor antagonists. Ace inhibitors ends in pril, and angiotensin II receptor antagonists 
end in artan. Angiotensin II receptor antagonists are nice because they don't mess with 
kinin processing, so they don't make you cough (some ace inhibitors make you cough by 
keeping you from inactivating kinins, so kinins stay around longer and make you cough). 
ACE inhibitors keep you from turning angiotensin 1 into angiotensin II, so you can't make 
angiotensin II. Angiotensin II makes you hold on to salt and water. ARBs (the blockers) 
compete with A2 for its receptors. Both of these things keep you from holding on to salt 
and water.

For pulmonary hypertension, you'd use all these hypertension drugs except you'd also 
add prostaglandins, nitric oxide, endothelin receptor antagonists, and cGMP 
phoshpodiesterase inhibitors. You wouldn't use ACE inhibitors, ATII antagonists, or 
sympathetic system suppressors.

What if your patient has hypotension? You'd use sypathomimetic drugs to increase the 
action of the sympathetic system, increasing cardiac action with beta-agonists and 
vasoconstricting with alpha-agonists. You might also use some vasoconstrictor drugs that 
aren't sympathetic by mimicking vasopressin. Vasopressin tells all your blood vessels to 
constrict.

Angina

To stop angina, you'll use coronary vasodilators, break thrombi with clot-busters, lower 
oxygen demand to the heart by reducing after-load and preload with vasodilators, and 
reduce heart-rate and contractility, again so the heart isn't working so hard and using so 
much oxygen and hurting itself. You also want to stop cardiac remodeling, in the case of a 
heart attack, to prevent future hypertrophy and heart failure. You can do that by stopping 
sympathetic activity and stopping angiotensin II's cardiac effects. If there's MI, you also 
need to suppress arrhythmias, and there are several classes of drugs for that. Class I 
drugs block sodium channels. Class II are beta-blockers. Class III are potassium-channel 
blockers. Class IV are calcium-channel-blockers, and class V are random things like 
adenosine, magnesium and potassium salts, digitalis (cardiac glycosides), and atropine 
(muscarinic receptor antagonists).

One angina solution is organic nitrates. These drugs are vasodilators that both decrease 
preload and afterload. Most of these drugs release nitric oxide any time there's 
glutathione-S-transferase and a thiol around. NO increases your intracellular cGMP, 
making your smooth muscle cells relax. At least one organic nitrate works by using the 
same potassium ATP channels that calcium sensitizers do. This prevents depolarization of 
the smooth muscle, again causing vasodilation. Most organic nitrates affect veins 
(capacitance vessels), with less action on resistance vessels. That increases venous 
volume, decreasing cardiac filling and lowering arterial pressure, and all that decrease in 
demand means the heart has to work less and use up less oxygen and, bingo, less chest 
pain. That vasodilation can give side effects of headache (more blood perfusion to the 
brain as the blood vessels open and stretch, pushing on gray matter), dizziness, 
tachycardia (less blood gets to heart, heart gets concerned), decreases platelet 
aggregation (everything's all diluted and spread out, think of it that way), and 
pseudocyanosis (because again, low pressure, blood's spread out, it's not all getting as 
oxygenated maybe as it would be if it were being channeled quick and thick to the heart). 
Folks who already have high intracranial pressure shouldn't take nitrates, and people who 
work in areas with a lot of nitrates will become tolerant during the work week, but have 
headaches and dizziness on Mondays because they suddenly come into this environment 



with all these nitrates they weren't used to over the weekend. You can also have coronary 
steal syndrome with nitrates, which is why we don't give them to full-on MI patients or 
unstable angina patients. They're for stable angina ppl.

Calcium-channel blockers (CCBs) are another angina solution. Blocking calcium 
channels means intracellular calcium can't go up and you can't get contraction. Think 
relaxing vasculature, and slowing cardiac contractility, so more blood can go through 
vessels to tissue (like cardiac tissue), so there's more perfusion and less oxygen demand. 
These are verapamil, which works on cardiac muscle, nifedipine, which focuses on smooth
muscle, and diltiazem, which focuses on the SA node, with the addition of nimodipine for 
cerebral vessels. Nimodipine can help with hemorrhagic stroke by binding the L-type 
voltage-gated calcium channels in your brain's vasculature so they relax and aren't so 
hypertensed and so cutting-off-blood to your brain. Blocking calcium channels in your 
smooth muscle means you can relax smooth muscle in your GI and your brain, of course, 
even while you're only trying to hit the heart, so verapamil and diltiazem, given for the 
heart, may cause headache and constipation, and of course in too high doses you could 
get heart block and heart failure (because negative inotropy). You wouldn't ever give these
with congestive heart failure. Nifedipine, working on your vessels, might make BP drop so 
much that you get reflex tachycardia, and it can also loosen your vessels enough to case 
peripheral edema. Pts with hypertension and diabetes shouldn't take nifedipine because it 
increases MI risk. There are also little receptors on your platelets that calcium channel 
blockers inhibit, stopping them from aggregating.

If you use beta-blockers for your angina, you'd use them for chronic stable angina, and 
you'd stay away from them in asthma and left ventricular heart failure. Why? In asthma, 
blocking the beta-two receptors in your respiratory tract would block the sympathetic 
stimulation that's keeping your airways open, and even beta-one selective beta-blockers 
might have some beta-two blocking effect. You wouldn't use these in heart failure because 
they decrease contractility, which is exactly what you DON'T want. But in stable angina, 
decreasing contractility means your heart is working less hard, and with a low HR and 
lowered BP, that means less oxygen demand and protects you from MI. It also lengthens 
diastolic filling time, and as you know your coronary arteries get their blood during that 
time. More blood in your coronary arteries gives you the opposite of coronary steal 
syndrome: there's so much blood your ischemic vessels get some too. These are more 
effective if you combine them with nitrates, since nitrates help with that preload and 
afterload, basically adding to the effects and making absolutely sure that the lowered 
contractility doesn't mean a less contractile heart is pumping against the same afterload 
and therefore going into congestive heart failure. Beta-blockers can cause fatigue, 
insomnia, and erectile dysfunction because of their lowered BP effects, and in the wrong 
patient, reduced contractility can mean more angina and MI.

So basically to treat chronic stable angina, you first counsel the patient about aggravating 
factors like smoking and hypertension, then give nitrates and CCBS or nitrates and beta-
blockers, remembering to tell the patient to take the nitrates off at night, and never keep 
the nitrate patches on for more than eight hours. There's a new anti-anginal called 
Ivabradine (procoralan) that might also help for stable angina by inhibiting the inward 
sodium/potassium currents in the SA node, slowing heart rate and giving your blood time 
to flow into the myocardium. Side effects, of course, include bradycardia, and possible AV 
node block (because the drug's not totally selective) and headache (because possibly 
lowered blood pressure to brain) and bright vision (I don't know why, probably also 
inhibiting some kind of ion channel in the eye), and the drug interacts with ketoconazole 
and macrolide antibiotics.



To treat unstable angina, you use nitrates during the immediate attack, then do the same 
as stable angina except add anticoagulant or platelet aggregation inhibitors like heparin, 
aspirin, and clopidogrel. These help keep thrombuses from forming and causing the 
occlusion to happen again. You DON'T want to give thrombolytic agents, though. Why? 
Why wouldn't you want to get rid of already-there thrombuses? Well, a thrombolytic agent 
might break off a thrombus that's formed on the wall of a coronary artery. That thrombus 
that was just sitting there doing nothing is now floating through the arteries, waiting for a 
place to get stuck. Better leave the thrombi where they are, and keep new ones from 
forming, eh?

What about folks with Prinzmetal's Angina (vascular spams)? Don't give beta blockers—
they have too many side effects and actually don't do anything to the vasospasms. 
Calcium channel blockers, since they're more direct to the vasculature than betas are, 
might help improve symptoms. A combination of nitrates and CCBs remove improve 
symptoms in 90 percent of patients and totally get rid of the angina in 70 percent, says Dr. 
Husain. 

Vascular disease: Lipid problems!

For vascular disease, review cholesterol metabolism in biochem pg. FIXAL. When 
you're talking high cholesterol, you've got several classes of hyperlipoproteinemia. Type 
IIa patients are your typical patients that deal with both diet and familial reasons: they 
don't have good LDL receptor activity, or they have weird apo-B100, or they have a high 
fat diet, and with too many calories and physical activity they leave a lot of cholesterol in 
their blood. Type IIb are familial patients, where they have a combination of increased 
VLDL production and lots of conversion of VLDL to LDL. Type III patients have a genetic 
problem where they have weird Apo-E, and so they don't clear the blood of VLDL and 
chylomicron remnants, and type IV patients just make too much VLDL and have bad 
lipoprotein lipase so they don't process cholesterol like they should. If you have 
alcoholism, too many diabetes, high estrogens, hypopituitarism, and uremia, you're likely 
to get hypertriglyceridemia; if you've got anorexia, cholestasis, hypothyroidism, and 
nephrosis you're likely to get hypercholesterolemia. Remember chylomicrons are mostly 
made out of triglycerides, and then as you get down to LDL and HDL the little orbs of fat 
are more made of cholesterol, as your body's uptaken a lot of the triglycerides already, so 
different disease triggers mean you're having trouble processing or having too much of 
different kinds of fat. 

Of course the best treatment for cholesterol problems would be lifestyle changes—
changing your diet can decrease your blood cholesterol as much as 25 percent, and if you 
add exercise and eliminate smoking you can cure yourself, decreasing heart disease 
death rates by 50 percent.

But this is pharmacology, so...not happening.

Statins inhibit cholesterol synthesis very specifically by competing with HMB-CoA for 
spots on the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA reductase), 
which is the rate-limiting enzyme when you make cholesterol. Yay competitive inhibition! 
This makes you make more LDL receptors, because your decrease in cholesterol pathway
metabolites activated the transcription factor Sterol Regulatory Element Binding protein, 
SREBP, which is activated because OMG WE'RE NOT MAKING CHOLESTEROL WE 
BETTER UPTAKE AS MUCH LDL AS WE CAN. And so you get less cholesterol in your 



blood. This is good for hyperlipidemia type IIB, where there was lots of LDL and VLDL in 
the blood, and for any hypercholesterolemia in type IIa. Basically both the lifestyle and 
genetic patients. Aside from the obvious anti-arthrosclerotic effects, statins also cause 
some vasodilation by helping endothelium release NO. You take statins orally. Their active 
group is called a lactone, and most statins are processed by the liver enzyme P450 3A4: 
some statins aren't active until they've received that processing, which means they need 
their lactone ring opened up. Most of the absorbed dose gets excreted in bile, with 20 
percent in the urine. General toxic side effects include muscle pain and liver dysfunction 
because they block aminotransferases in one to two percent of people; myositis with high 
cerum CK in one percent of patients; and hypersensitivity reactions, with rashes. They 
interact badly with ketoconazole, cimetedine, cyclosporine, erythromycin, and fibrates—all 
these drugs increase plasma statin levels. Grape fruit juice keeps your intestines from 
metabolizing statins, which also increases plasma statin levels to dangerous levels. 
Fetuses, kids under eight, and old folks with bad livers and kidneys can't process statins 
very well, so you don't feed them (or pregnant mothers) statins because you don't want 
them to be poisoned.

Fibrates very specifically inhibit triglycerides by inhibiting the lipoprotein-lipase enzyme in 
the endothelium so you can't uptake triglycerides. They are fibric acid derivatives used to 
treat familial hypertriglyceridemia type IV (familial, high triglycerides) and 
hyperlipoproteineima types III (those people who can't uptake VLDL or chylomicron 
remnants) and V, and also hypertriglyceridemia associated with type II diabetes. They bind
to the nuclear peroxisome proliferated activated receptor-alpha, PPAR-alpha, an activate 
it. That makes you transcribe more LPL gene, and less Apo-CIII. Apo-CIII inhibits LPL. This
also makes you transcribe more Apo-AI and II. So then, with all your lipoprotein lipase 
produced, you drop your VLDL-triglycerides by like 40 percent, because they eat it all up 
and break it all down, and your HDL goes up as much as fifteen percent, because more 
Apo-A1 means you can make more HDL. You absorb fibrates completely from the GI tract,
and about 97 percent of the dose then stays very tightly bound to plasma proteins. 
Fibrates commonly cause GI disturbances like nausea, diarrhea, and weakness, but they 
can sometimes cause cardiac arrhythmias, myopathy, skin rashes, and erectile 
dysfunction (by inhibiting androgen synthesis). They increase the cholesterol in your bile, 
since LPL is metabolizing triglycerides into things that your liver can turn into cholesterol. 
Well, increasing cholesterol in your bile can make you get gall stones. Don't give this drug 
to patients who are on warfarin, because they compete for plasma protein positions, and 
that of course means warfarin is acting more. Patients who have bad kidneys and bad 
livers can't excrete and process these fibrates.

Just to make it clear, you know which to give your patient by labs. If you see LDL up, you 
give a statin. If you see triglycerides up, you give fibrates. What if you have problems with 
both cholesterol and triglycerides? Can you combine statins and fibrates? No, combining 
those causes severe side effects and muscle damage. Niacin inhibits both of those 
pathways. It's brand name nicolar, and it's actually vitamin B3. The body absorbs it in the 
GI and then turns it into an amide, nicotinamide, in the body. It inhibits intracellular lipase 
activity in the adipose tissue, and inhibits fatty acid mobilization from the adipose tissue, 
and it inhibits secretion and synthesis of VLDL in the liver. Basically it freezes anyone who 
wants to move any fats anywhere, so fats can't get used by your body. You excrete it via 
your kidney as inactive niacin. Because it inhibits your liver, it can cause hyperglycemia 
and hyperuricemia, so you definitely don't give it to someone who's diabetic or 
hyperuricemic, or has any liver problems. It increases sympathetic activity, which can give 
you this big hot cutaneous flush and hurt your GI (because remember your GI is super 
parasympathetic and doesn't like a lot of sympathetic interference). So if you've already 



got GI problems, like a peptic ulcer, you don't take this.

Bile acid sequestrates help you hold more fat in your intestines and out your poop instead 
of absorbing it.

Cholesterol absorption inhibitors keep you from up-taking cholesterol. You use them if 
your patient has primary hypercholesterolemia (like not secondary, not dietary), or patients
who have phytosterolemia. Phytosterolemia is a super-rare thing where you uptake plant 
sterols at a crazy abnormal up-rate, so like olives and avocados are toxic to you and 
basically all plants give you build up in your blood vessels. Cholesterol absorption 
inhibitors selectively block your intestine from taking up cholesterol and phytosterol, even if
that cholesterol is in your bile—you just don't take it up! In the intestine, you absorb CAIs 
and conjugate them to glucuronides. They peak in the plasma in about 12-14 hours, and 
their half-life is about 22 hours, with about 80 percent excretion in the feces. Fibrates 
increase their blood plasma levels, and cholestyramine decreases their blood plasma 
levels. Again, they can impair your hepatic function, and some studies indicate they should
not be taken with statins.11 They can impact the liver by inhibiting the enzyme 7-alpha-
hydroxylase, and apparently there's been some cover-up about their negative effects.

Bile acid sequestrants are bile-acid-binding resins, or polymeric cationic exchange resins
that bind negatively charged bile acids in the intestine and keep your gut from reabsorbing 
any bile, and that means that instead of reabsorbing bile, with the fats involved, you 
excrete it. This is good for young patients and it can reduce LDL as much as 30 percent. 
It's also useful in digitalis toxicity. Why are bile acid sequestrants better for young patients 
and patients in danger of digitalis toxicity? It's not as aggressive a drug, and it's safer, and 
since young people don't metabolize drugs as well, and digitalis can interfere with some 
cholesterol metabolism, it's good to go with a safe drug. Bile acid sequestrants up-regulate
7alpha-hydroxylase so it makes more bile acid from cholesterol, and that means there's 
less hepatic cholesterol hanging around, more bile acid, more LDL-R expressed, and more
LDL cleared from circulation. Why is there more LDL-R expressed? Well, it's the liver's job 
to take up LDL. If the liver suddenly doesn't have a lot of hepatic cholesterol, because all 
of it got excreted in the bile, the liver worries it's not doing its job. So it starts putting out 
more LDL receptors (LDL-R) and taking up more LDL from the blood. These are water-
insoluble, so they're not actually taken up by the intestine, or absorbed: they just get 
pooped out. You increase bile production in the liver, and decrease hepatic cholesterol, 
just because all the bile's getting pooped out and the liver's like “HEY WHERE DID ALL 
THE BILE GO THAT I MADE BETTER MAKE SOME MORE.” Thiazide, digitalis, warfarin, 
tetracycline, iron salts, thyroxine, folic acid, and ascorbic acid don't get absorbed very well 
when you're taking a bile acid sequestrant, because their charge is similar to that of bile 
and they get sequestered (kidnapped), too, so you may have to take some folic acid or 
vitamin C supplements while you're on this drug.

What if HDL is low? Diet and exercise, and especially weight reduction, can increase HDL.

Anti-thrombotic and anti-platelet and just generally clotting problems drugs

So you've heard of like thrombosis, right? When something clots up one of your blood 
vessels? If it's red, it's a vein thrombosis, and it could be in your deep veins (like femoral), 
your portal vein, renal vein, jugular vein, or cerebral venous sinuses, most often. Red 

11 http://www.nytimes.com/2007/12/21/business/21drug.html?_r=1&th&emc=th&oref=slogin December 21, 2007 
New York Times article based on research by Merck; also http://www.drug-
injury.com/druginjurycom/2007/12/zetia-data-abou.html



thrombosis comes from fibrin problems. Then there's white thrombosis, which is in your 
arteries, and happens because of platelets or ischemia and usually occurs in your brain 
(stroke) or heart (MI). To prevent thrombosis, we can either prevent platelets from 
aggregating, prevent coagulation, or break up thrombi. 

The anti-platelet drugs include COX inhibitors, phosphodiesterase inhibitors, and ADP 
receptor inhibitors. COX inhibitors like aspirin and NSAIDs block COX-1, which blocks the 
inflammatory chain, which then keeps platelets from getting activated. 81 mg of aspirin 
helps prevent thrombi formation. Clopidogrel (plavix) and Ticlopidine (ticlid) also keep 
platelets from getting activated, but they're no longer just for prevention, because they go 
ahead and block the ADP (P2Y) receptor. See after blood vessel damage liberates your 
collagen, it hits receptors that trigger things like ADP, calcium, 5-HT, and PF4, which then 
make you release granules that eventually help tell platelets to aggregate. If you block 
ADP, you can block both the release of granules, and the aggregation itself: it works at 
both levels. People often get achiness and headaches when you inhibit this receptor, and 
ticlopidine can cause neutropenia in like one percent of patients because apparently 
sometimes ADP also has to do with your neutrophil-summoning and stuff: you know, 
clotting, inflammation, they're super-related. Dipyridamole is a drug that stops 
phosphodiesterase from breaking down cAMP, which means there's more cAMP, which 
tells you to take in less adenosine, which means your platelets, with all that adenosine, 
can't work. This is used normally for pts with artificial heart valves, and you might use it 
with warfarin or aspirin. You know the platelet GPIIb-IIIa receptor? Yeah, I know, I need to 
review the blood clotting pathways, too, in biochem. But anyway, it's one of the later 
pathway receptors, the ones on the platelets that help them stick together. If you inhibit 
this, they can't stick together, so you'd bleed more, but you'd be able to help with acute 
coronary syndrome, where the platelet aggregation would be pretty serious. The drug that 
does this is Tirofiban (aggrastat) or eptifibatide (integrillin). Abciximab (ReoPro) is an 
interesting that instead of blocking this receptor, is an antibody against it, so your immune 
system kills your receptor. Weird, huh? This is also used in pts with acute coronary 
syndrome, like after an angioplasty. 

Anticoagulation is different. You know how platelets are like actual cells and stuff, while 
clots are also made up of proteins and stuff binding together into nets to catch the platelets
and RBCs and stuff? Yeah so anticoagulant therapy blocks those proteins and stuff. It's 
usually used prophylactically for people who might get a pulmonary embolism, or have 
rheumatic heart disease or valve problems which might give them an arterial embolism, or 
folks who have unstable angina, where you don't want to risk that clot. Heparin is your 
typical choice for this. You might also give Enoxaparin or Fondaparinux or Hirudin. These 
are injected. Heparin's what you'd give during surgery and stuff. Oral anticoagulants are 
like coumarin and warfarin. Heparin inhibits thrombin indirectly by helping antithrombin III, 
increasing its action like 1000-fold to inhibit thrombin, IXa, and Xa. Low-molecular weight 
heparin binds only anti-thrombin (AT) III, while UF heparin binds both ATIII, and ATIIa. 
Heparin's fast-acting, so you use it short term, and you'd rather use the low molecular 
weight kind because that's more effective and safer, although UF heparin is standard. 
Some people have allergies, and in 30 percent of people you might get thrombocytopenia, 
which is pretty bad, because that means you ran out of thrombocytes because you were 
clotting so much! Which is like the opposite of what you want heparin to do! You don't want
clotting, that's why you're giving it! The antidote to a heparin overdose is protamine sulfate.
Hirudin is the bi-valent anticoagulant in leeches that binds irreversibly to thrombin so it 
can't work anymore. It's developed into three drugs: lepirudin (refludan), bivaluridin 
(angiomax), and argatroban. Lepirudin is what you give when somebody has problems 
because heparin made them clot. Bivaluridin is what you do when you're going to do 



coronary angioplasty percutaneously. Argatroban is used in both coronary angioplasty and 
heparin-induced thrombocytopenia (HIT), so it's like both lepirudin and bivaluridin put 
together. Dicumarol and Warfarin stop vitamin K from getting regenerated by looking 
similar to it and blocking the enzyme that re-generates it, which means you then don't have
your co-enzyme to help you make prothrombin or clotting factors. These last two drugs 
take about 8-12 hours to start acting, and they're like 99.9% bound to plasma proteins. 
That plasma protein binding means any drugs that are also plasma protein bound might 
knock dicumarol and warfarin off their spot and make them act more (so no barbiturates, 
rifampin). It takes you 36 hours to eliminate these two drugs. They're metabolized via 
P450, which means any drugs that also use this pathway, like cimetidine, will mess them 
up and make them act longer. So think antibiotics, ketoconazole, cholestyramine, and think
“hey I shouldn't give those with warfarin.” You shouldn't give them in pregnancy because 
they can cross the placenta and be teratogens, and in some rare cases they can cause 
cutaneous necrosis (yikes!) because again, inflammation is related to clotting and you can 
screw dat stuff up bad. The antidote is vitamin K. 

Finally, you use thombolytic drugs to dissolve clots you already have. A lot of times they 
activate plasminogen which breaks down fibrin. Streptokinase (streptase) and urokinase 
(abbokinase) directly activate circulating and fibrin-bound plasminogens by binding 
plasminogen and converting it into plasmin, its active form. Streptokinase acts within 12-24
minutes (that's it's half-life) and urokinase within 10-20 minutes, and you give them by IV 
within two-hours of the bad clot, like an acute deep vein or pulmonary emboli or arterial 
thrombus. They can cause pyrexia (heating/fever stuff) and streptokinase sometimes 
causes allergies.

I'm not including hemorrhage as a side effect of these things because it should be fairly 
obvious.

Tissue-plasminogen-activator-alteplase (activase), reteplase (retavase), and tenecteplase 
(TNKase) all activate plasminogen once it's already bound to fibrin, and they come from 
human enzymes. They've got faster half-lives than the thrombolytics I already mentioned 
(5-10 minutes) so you give them in repeated IV injections, and maybe follow them up by 
heparin to prevent the thrombi from coming back. They're pretty powerful, so you have to 
worry about bleeding at the site where you inject the IV, actually. 

There's also a thrombolytic that's a streptokinase that comes with plasminogen. This is 
very efficacious, and also breaks down fibrinogen and factors V and VII. It's given through 
IV, like the others, and called anistreplase (eminase) and it's very expensive. The antidote 
is aminocaproic acid.

What if you want to keep your patient from bleeding? (Control blood loss) Like if you're 
doing a cardiopulmonary bypass, or your pt has hemophilia A, or you're doing heart valve 
replacement surgery? Desmopressin (DDAVP) is a drug that increases factor VIII, so you 
can use it for von-Willebrand Factor disease and hemophilia. Aprotinin (trasylol) is a 
protease inhibitor that keeps fibrin from getting broken down, and you use it in surgeries 
because at the same time it stops certain parts of coagulation, so you don't get clotting 
while you're working but also fibrin's there keeping your blood thick and keeping it from 
bleeding out everywhere.

To review the antidotes: warfarin's is vitamin K or phytonadione, heparin's is protamine 
sulfate, and streptokinase (and other thrombolytics) can be stopped by aminocarproic acid.



Post MI, you can use the pneumonic ABCDE to know what drugs you give. Aspirin, 
ACEinhibitors, antianginals. B is beta-blockers, and BP medicines. C is cholesterol, get rid 
of cigarettes. D is diet, look for diabetes, and E is education and exercise. During a heart 
attack, you would hurry and give streptokinase to break the clot, and also give the tissue-
plasminogen-activator-alteplase (t-PA) thing. They double survival rates as long as you 
give them right away. Within 2-6 hours after the onset of symptoms they fix things up.

Diuretic Agents For all purposes everywhere

Where do diuretics act? Acetazolamide acts in the proximal convoluted tubule near Na 
HCO3 exchange. Osmotic agents like mannitol act in the proximal convoluted tubule 
where water's absorbed. Loops agents act in the thick ascending loop of Henle. Thiazides 
act in the distal convoluted tubule and maybe also in the proximal straight tubule. 
Aldosterone antagonists act in the collecting duct. ADH agonists act in the collecting duct.

Carbonic anhydrase inhibitors include acetazolamide or Diamox. These are 
noncompetetive inhibitors of carbonic anhydrase that prevent bicatbonate uptade at the 
brus hborders' membrane. This decreases H+ secretion in the proximal tubule, also 
causing potassium to stay in the body. They are useful for glaucoma. They decrease 
intraocular pressure by keeping you from making so much aqueaous humor. You may also
use them for epilepsy, hypokalemic periodic paralysis, CSF leakage, and to make the 
lurine more alkaline. They're not really used as a diuretic, and they can cause 
hyperchloremic metabolic acidosis or renal stones. If you have cirrhosis, you shouldn't take
these.

Mannitol is an osmotic diuretic. Mannitol's freely filtered by the glomeruli and doesn't get 
reabsorbed by the tubes, so it's all in the tubes making your tubes all hyper-osmotic, and 
all the water rushes out into the tubes to be with mannitol. You can't give it by mouth, 
because then you'll digest it and eat it up, so you give it by IV instead. This acts in the 
proximal tubule. Because there's so much water now in the proximal tubule because of 
mannitol, sodium also doesn't get as much reabsorbed—it goes into the water to “dilute” 
the water. If these tubes are broken, and they're not permeable, this osmotic method won't 
work. These are used for glaucoma, reducing pressure and volume of CSF, and 
prophylaxis of acute renal failure. So your pt comes in with hemolytic transfusion reactions 
or surgery that reduces renal blood flow or trauma, things that could lead to acute renal 
failure, and you give these osmotic diuretics to make sure that there will be enough flow of 
dilute urine to keep the kidney all cleaned out and working. If the kidney is shutdown, this 
won't help at all, and in congestive heart failure, mannitol would cause the heart's work-
load to go up (because osmosis in your blood stream, right, so liquid leaves the cells into 
ECF).

Thiazides are the most popular diuretics. You give them by mouth, and with their 
unsubstitutded sulfonamide group they're reliable and well-tolerated. They're rapidly 
absorbed in the GI, and highly bound to plasma proteins, and they're quite long acting 
agents because they're more highly bound in plasma and they make a larger volume of 
distribution. You might even reabsorb them in your tubes to use them again. When you 
want to get rid of them, you excrete them by the organic acid pump in the proximal renal 
tubule (they compete with the secretion of uric acid for that pump). Chlorthiazide (diuril) 
and hydrochlorthiazide are major examples. The first is not too lipid soluble, so it's only for 
parenteral administration. The normal one you give by mouth is HCTZ, the second one, 
which is more powerful. Chlorthalidone (hygroton) is a drug similar to thiazides, but it's not 
a thiazide. It blocks the active reabsorption of sodium and chlorine by blocking the 



sodium/Cl co-transport system in the early distal segment of the nephron. It blocks at the 
chlorine site. This means you keep excreting sodium and chlorine, and then also water. 
Thiazides are good for treating the kidney stones caused by hypercalciuria. NSAIDs inhibit
thiazides by inhibiting prostaglandin production (inhibiting COX). Prostaglandins 
apparently help with diuresis somehow, either through catabolism with the thiazides or 
some signaling pathway.

You give thiazides for hypertension, mild heart failure, nephrolithiasis that you don't know 
what's caused by (hypercalciuria), and nephrogenic diabetes insipidus. Unfortunately they 
can cause hypokalemic metabolic alkalosis and hyperuricemia (by competing with the uric 
acid secretion). They can also make it harder for you to tolerate carbs (remember uric acid
comes in biochem via metabolism), which of course can lead to getting fat 
(hyperlipidemia). Since they make you pee out all your sodium, they can cause 
hyponatremia, and of course sometimes people have allergic reactions.

Loop or high ceiling diuretics include furosemide (lasix), torsemide (demadex), ethacrynic 
acid (edacrin), and bumetanide (bumex). Lasix is that big first-line emergency room 
diuretic. These drugs inhibit the sodium/K/Cl co transport system in the luminal membrane 
of the ascending limb of the loop of Henle. One nice thing about them is that acidosis won't
stop this diuretic from working, because they act right with the potassium transporter (and 
as you know potassium is involved in acid transport) rather than acting on sodium and cl 
transporters which would then be influenced by potassium and acid gradients. These are 
really easy to absorb in your GI tract, and they stay highly-bound to plasma proteins. You 
get rid of them via the organic acid pump, and Ethynacrinic acid in particular gets 
metabolized partially by the liver. You use these for edema, acute pulmonary edema, 
hypertension, renal failure, acute hypercalcemia (because they enhance calcium 
excretion), and they act against high levels of ADH, too.

However, if you give too much of course these agents can make you pee into hypovolemic
shock. One rare complication, most common with ethacrynic acid, is hearing loss. 
Metabolic alkalosis can happen if you're messing with your potassium and spitting it all out 
(and therefore spitting out your acid). They might bother previous diabetes mellitus and 
mess with your hyperglycemia, because intracellular potassium is involved in insulin. If you
spit out all your intracellular potassium, you don't have any to help you with insulin 
secretion, and then you have hyperglycemia. These loop diuretics also use the same uric 
acid transporter that thiazide diuretics use, which can give you hyperuricemia.

Potassium-sparing diuretics work by being anatgonists of aldosterone. Spironolactone 
(aldalactone) is a good example. It binds to the mineralocorticoid receptor and keeps 
aldosterone from working. Aldosterone normally stimulates sodium to get transported from 
the lumen of the renal tubule into the cell. Spironolactone's action somehow depends on 
renal prostaglandin production, says Dr. Velez, because aldosterone interacts via the 
prostaglandin pathway. This is a problem if you've got patients who are diabetic and need 
potassium sparing diuretics for their heart failure, but also have gout and need anti-
inflammatories. These are a modestly useful diuretic for normal folks. Spironolactone is 
useless if you don't have high aldosterone—if you've got high enough levels of fluid in your
body that aldosterone's happy, and not telling you to with-hold anything, then aldosterone's
not working, so blocking it won't do anything. In other words, it has to be aldosterone's 
fault in order for these two work. 

Potassium-sparing diuretics have their negative effect when they cause hyperkalemia 
(because you don't spit out potassium anymore). Other drugs that inhibit renin and stop 



the aldosterone from getting produced will also work WITH these drugs to cause 
hyperkalemia, so look out for drug interactions with beta blockers, NSAIDs, aliskiren, ace 
inhibitors, and angiotensin receptor antagonists. These diuretics also cause gyecomastia, 
impotence, decreased libido, and menstrual abnormalities because they look kind of like 
estrogen or progesterone. All those -one steroids can be similar sometimes, and basically 
we don't make an aldosterone-mimic that is as different from progesterone as it should be. 
You can get acute renal failure and kidney stones and hyperchloremic metabolic acidosis, 
too, because holding on to potassium encourages you to not lose chlorine. (Review the 
different transporters on physiology pg. FIXAL)

These diuretics are most useful for primary aldosteronism (Conn's disease), liver disease 
(where there's decreased aldosterone metabolism so you've got aldosterone “in the 
clouds” as they say in PR, “through the roof” as they say in VA), and other stuff. 
Triamterene (dyrenium) is one example of these. Amiloride (midamor) is another drug 
that's got a response similar to spironolactone, but it's not an aldosterone antagonist. It 
directly inhibits sodium influx in the cortical collecting tubule. It stops the ENaC channel, 
which works together with the sodium/potassium ATPase. This is one small place where 
you reabsorb sodium. This is where aldosterone normally works. But instead of blocking 
aldosterone's site, amiloride blocks the transporter directly, on another site.

You can't use two potassium-sparing diuretics together (because potassium and nervous 
system and stuff!), and you should never use them for patients with impaired renal 
function. Hyperkalemia is more common with triamterene and amiloride, so these pts 
should take less potassium in their diets (less bananas!). Folks with gouty arthritis should 
avoid these diuretics (and many diuretics in general) because they raise serum uric acid 
levels, and that irritates gout. Putting triamterene together with indomethacin (anti-
inflammatory) causes acute renal failure. You also don't give these to heart-failure patients.

Antidiuretic hormone antagonists include lithium and demeclocycline. These ADH 
antagonists inhibit ADH in the collecting tubule. They're good for folks with the “syndrome 
of inappropriate ADH secretion.” Toxicity can bring you acute renal failure and diabetes 
insipidus.

Anti-arrhythmias

The pathophys section on pg. FIXAL has the causes and stuff pretty down for this. These 
drugs are hardcore. It would be nice, says Dr. Porter, if we could treat tachycardias the 
way we can treat bradycardias—with a pacemaker. They did a huge study a while back 
that cut the “drugs used” list like in half, says Dr. Porter, because they found that morbidity 
rates were sometimes higher WITH the drugs than without! So why give the drug, if it's that
pro-arrhythmic?

There are lots of places you could interrupt ion channels to change rhythms. Autonomic 
beta receptors phosphorylate L-type calcium channels in the nodes to make them open 
more frequently, which is how the sympathetic system amps up your heart-rate. So to slow
conduction you could block the beta receptors, or block the calcium channels directly. 

Ischemia is a (bad) natural way your sodium channels get interrupted. Ischemic tissue has
a different resting potential—more like -60 than the normal -80 of cardiac muscle—and 
that means it's got slow phase 0 depolarization, while some are open or inactivating even 
at rest. Longer refractory period at depolarized conduction. Arrhythmias.



A broken delayed rectifier potassium channel, a HERG channel,12 is a pretty common 
problem. This channel is supposed to re-set your heart cells, repolarize you, right. If it 
doesn't work you get prolonged current, and of course that can cause arrhythmias. 

So one major approach to anti-arrhythmia medicine: you try to disrupt the whole rhythm, 
and depolarize everyone, so that all the abnormal rhythms stop and the SA-node takes 
over. Or you might try to cut the abnormally-conducting part off from the other part—by 
blocking the ventricles from the atrial tachycardia, for example, by cutting off the AV node. 
You might also try to make re-entry circuits more refractory, so instead of that “slow-
conducting” piece that starts firing after the fast-conduction's already passed through, you 
make it not conduct at all—now only the fast conduction goes, and you don't get that 
refractory loop we talked about on pathophys pg. FIXAL. 

So classes. Class 1 of these drugs is the sodium channel blockers, class II the beta one 
receptor blockers, class III the potassium channel blockers, and class IV is the calcium 
channel blockers, and then you get those miscellaneous adenosine, digoxin, magnesium-
sulfate drugs. 

Class Ia block the intermediate sodium channels, Class Ib the rapid sodium channels, 
and class IC the slow. Ib is the best, says Dr. Porter. Ib doesn't also block your delayed 
rectifier (potassium) channels like Class Ia does. It also primarily binds to inactivated 
sodium channels, whereas the other two bind to both activated and inactivated sodium 
channels. You have more inactivated sodium channels in your ischemic area, so it's nice 
for your IB that they block your ischemic channels more, and leave the healthy part of your
heart alone, which is really what you want. 

Class IA drugs: quinidine (cardioquin), procainamide (pronestyl), and disopyramide 
(norpace).

Quinidine blocks sodium channels and potassium channels which prolongs the QT 
intervals, and increases your risk of Torsades de Pointes, which is really hard to treat. 
Folks with hypokalemia also have inhibited potassium channels already, so this gets worse
and has a bigger effect if the pt already has hypokalemia. Also, quinidine blocks 
muscarinic receptors (remember muscarinic receptors in the AV node slow down 
conduction—so this increases heart rate and AV node conduction) which might turn your 
atrial tachycardia into ventricular tachycardia. You also block your alpha one receptors, 
which means you get hypotension, which means reflex tachycardia to deal with 
hypotension, which is not at all what you want. Cinchonism (tinnitis, dizziness, headache, 
blurred vision), like from aspirin toxicity, you can also get from quinidine. So you don't 
really use these. You might use them for supraventricular tachyarrhythmias, but first you 
have to slow AV node conduction with digitalis or a calcium channel blocker to protect the 
ventricles from quinidine's crazy tachycardia. Unfortunately, quinidine also displaced 
digitalis and digoxin from their binding sites, which can increase digitalis toxicity.

Procainamide is a little safer because it doesn't block alpha one receptors and it doesn't 
block muscarinic receptors as much. But otherwise it's pretty much the same. Also, if you 
metabolize procainamide really slow you can get a systemic lupus erythematosus 
syndrome, and that happens in like thirty percent of patients, with arthralgia and arthritis. In
less than five percent of patients you get hepatitis and 0.2 percent you can get 

12 The HERG channel is so named because of flies. Ether Go-go—when they gave flies 
ether, they acted like Go-go dancers, shaking their abdomens. So when they found it in 
humans, they named it human ether gogo.



agranulocytosis, which also sucks. This is a third-line drug for sustained ventricular 
arrhythmia.

Norpace is the same as these other two, but with MORE muscarinic receptor blockage. 
Yuck!

IB drugs are pretty much lidocaine (xylocaine), and versions of lidocaine. Its bad effects 
are tingling in your skin, tremors, slurred speech, and hearing disturbances from blocking 
your neuronal sodium channels. In high doses you can cause seizures, because inhibitory 
neurons tend to fire at higher rates (they're active and inactivated faster and more), and it 
kind of targets them the same way it targets inactivated sodium channels in the heart, 
which leaves you with lots of excitatory neurons running around giving you seizures. You 
deal with this with diazepam. So lidocaine is really more of a hospital drug. It's given via IV,
and it works well.

Phenytoin (dilantin) is an antiseizure drug that you could use in digitalis overdose.

IC drugs aren't really used at all, says Dr. Porter.

Beta blockers are your class II drugs. They decrease sympathetic activity in the heart. 
Different sympathetic problems might cause arrhythmia. For example, too much thyroxin 
could make you have too many beta one receptors, and then you get arrhythmia. If every 
time you exercise you get arrhythmia, that may also be a sympathetic beta one issue. So 
blocking these is helpful for those. They also help to block renin secretion over time, so 
they're helpful for chronic heart failure, but acutely you might get worse heart failure 
because they decrease cardiac output initially. Pts with ventricular arrhythmias—like long 
QT syndrome—are good for beta blockers, and if you've just had a heart attack, they make
good prophylaxis.

Of the class III drugs, really amiodarone (cordarone) is the most useful. When they did 
that long study, this was one of the few that really decreased morbidity. It prolongs 
refractory period by blocking those potassium channels, making QT interval go up, BUT it 
has low torsades de points incidence because it also blocks beta one and calcium 
channels, so you get less SA node and AV conduction, and you don't send nasty things 
down to the ventricles. Amiodarone likes to get stuck on proteins. If it gets deposited in 
your lungs, 3-7 percent incidence of pulmonary fibrosis. If it gets stuck in your cornea it 
can cause optic neuritis, and it can turn your skin blue like a smurf. Getting stuck in your 
liver gives you hepatitis, and it could block T4 to T3 conversion because it's got iodine. It 
might cause bradycardia and heart-block because of its beta-one and calcium channel 
blockage. It's got a super long half-life, like 80 days, which makes it easy to take but hard 
to make it reach steady state, and you can give it by mouth. Use it for atrial fibrillation, and 
it's the first-line drug for ventricular fibrillation. It might interact with cimetidine, which will 
drive down its metabolism. 

All the other drugs in this class (Sotalol, Dofetilide, Ibutilide) have an increased risk of 
torsades de pointes which sucks and is hard to treat. 

Class IV drugs include verapamil (calan, isoptin) and diltiazam (cardizem, dilacor). These
mainly block the L-type calcium channels in the SA and AV nodes and ventricular cells to 
protect the ventricles. You drop AV conduction, and so you definitely don't want to use 
these with beta blockers and get a total AV node block. These basically keep calcium from 
getting into ventricular cells—basically they reduce cardiac output that way. Nifedipine is a



calcium channel blocker like these, but it causes so much peripheral vasodilation that 
there's reflex tachycardia, so it's not used as an anti-arrhythmic. These can reduce 
contractility, so they might cause reduced cardiac output in pts with cardiac failure.

Adenosine is one of the miscellaneous ones. It's used very specifically for paroxysmal 
supraventricular tachycardia. That's all-of a sudden re-entry via AV node causes 
tachycardia. Adenosine hits adenosine receptors in the AV node—this causes 
hyperpolarization by increasing potassium channel openings. This drug has a super-short 
half-life, and you basically just use it to suddenly stop the automatic behavior that you 
don't want. (30 second half-life) It causes flushing and dyspnea (bronchoconstriction in 
asthmatics) and chest pain during those thirty seconds or whatever that you give it, but this
is well-managed in the hospital.

Mg Sulfate might increase extracellular magnesium, which interferes with sodium/k-
atpase, sodium, calcium, and potassium channels, but we really don't know for sure. 
Therapeutically, you might use this to stop digitalis-induced arrhythmias (which might 
come from hypomagnesia) or torsades de pointes.

Digoxin we mentioned. It's an inhibitor of sodium/potassium ATPase, which means more 
intracellular sodium, which means reduced sodium/calcium exchange and increased 
intracellular calcium. You can understand why this would increase contractility. This also 
helps it have parasympathomimetic effects, where it increases impulses from your carotid 
sinus by making your baroreceptors more sensitive (biochemical mechanism 
unknown), and that means more input into your AV and SA node from the vagus, which 
means less AV node conduction, and that basically cuts off any reentrant circuits. 

So, to deal with supraventricular tachyarrhtyhmia, you want to decrease AV node 
conduction and up the AV node refractory period. You could do that by upping vagal tone 
with vagal maneuvers and digoxin, or with adenosine, or by decreasing sympathetic tone 
with beta blockers, or by blocking L-type calcium channel blockers.

To deal with atrial fibrillation, you could decrease sympathetic tone with beta blockers, or 
by blocking L-type calcium channels. You could use amiodarone (cordarone), or you could 
increase vagal tone using digoxin if the left ventricle isn't working very well. Your third-line 
drugs are those nasty Ia guys and sotalol.

For ventricular tachyarrhythmias or ventricular fibrillation, you would like to use 
amiodarone or beta blockers. You could also use lidocaine, and then your third-line drug is 
procainamide. If you've got torsades de pointes, it might be magnesium sulfate.

To treat AV block, pacemaker or atropine (to block those muscarinic receptors and 
increase AV node conduction). You might use atropine acutely until you have time to put in 
a pacemaker.

Heart drugs from this section

Antiplatelets
Warfarin (Coumadin)
Heparin (generic)
Clopidogrel (Plavix)
Aspirin (generic)
Abciximab (Reopro)--antibody against platelet GPIIb-IIIa receptor



Eptifibatide (Integrillin)--inhibits GPIIb-IIIa receptor
Ticlopidine (Ticlid)--inhibits GPIIb-IIIa receptor
Dipyridamole (Persantine)

Thrombolytic drugs
Streptokinase (streptase)
Reteplase (retavase)--activates fibrin-bound plasminogen
Tenecteplase (TNKase)--activates fibrin-bound plasminogen

Drugs that keep thrombi from forming
Argatroban (generic)--hirudin derivative that inhibits thrombin directly

New antianginals
Ivabradine (Procorolan) that inhibits the SA node, slows HR, gives time for bloodflow
Ranolazine (Ranexa)

• Partial Inhibitor of pFOX (fatty acid oxidation) to improve cardiac metabolism, and 
also channel modifier that changes sodium-dependent calcium channels to prevent 
calcium overload and change the late sodium current: Ranolazine (Ranexa)

• Prolongs QT interval and could hurt liver function, interacts with quinidine, 
ketoconazole, cyclosporin, and digoxin

Cardiac glycosides
Digitalis (Foxglove plant)
Digoxin (Lanoxin)-medium lipid solubility (40 hour half-life)--for Congestive heart failure
Digitoxin (Crystodigin)-- is the most lipid soluble, has the highest half-life in the body (168 
hours); no longer used in the USA
Ouabain (used for experiments, not in people)

Bipyridines
Inamrinone (amrinone)/Inocor (good for CHF)
Milrinone (primacor)

NO vasodilators 
hydralazine (apresoline)--hypertension in pregnant women
sodium nitroprusside (nipride)--acute heart failure--Nitroprusside activates cGMP and 
makes vasodilation after it's metabolized by blood vessels into NO, only given IV, rapid 
action in 30 seconds, effect ends after 3 minutes, can form cyanide in the blood if it's given
constantly after it's metabolized

Calcium channel sensitizer
Levosimendan (simdax)

Diuretics 
• Osmotic diuretic: mannitol
• Loop diuretic: furosimide/lasix (for CHF)
• K+ sparing diuretic: spironolactone (aldolactone)
• Ace inhibitors: Captopril, enalapril (vasotec) for CHF, benazepril, ramipril, lisinopril 

◦ Captopril (capoten) is first ace inhibitor, given orally, has lots of side effects and 
causes cough because it reduces kinin inactivation

• Antiogensin II receptor antagonists:
◦ losartan (cozaar) for CHF, (also antithrombotic???)
◦ candesartan



◦ eprosartan
◦ valsartan (diovan)
◦ and irbesartan

 
Organic nitrates

• Nitroglycerine (1-10 minutes half-life) absorbed sublingually, via skin patch, 
hydrolyzed by enzyme nitrate reductase, metabolites go out as glucuronides in the 
kidney, depletes your sulfhydryls so you have to take the patch off the patient at 
least eight hours a day or they get desensitized to it and have acute reaction

• Isosorbide mononitrate (Ismo)
• Isosorbide dinitrate (Isordil)
• Amyl nitrite (Aspirols) (1-10 min half-life)
• Erythrityl tetranitrate (perinitrate) half-life 2-6 hours, good for angina
• Nicorandil (nitrovasodilator used in Europe and Japan); works via activation of 

potassium/ATP channels

Corticosteroids can trigger both hypertriglyceridemia and hypercholesterolemia.

Statins (have 1-3 hr half-lives unless otherwise noted):
• Atorvastatin (Lipitor) (most potent statin, decreases LDL by as much as 55 percent, 

given in the 10-80 mg range; 14-hr half-life)
• Fluvastatin (Lescol) (least potent statin, decreases LDL by as much as 25 percent, 

given in 20 mg-40 mg range; metabolized specially by P450 2C9)
• Lovastatin (Mevacor) (decreases LDL 30-50 percent, dose ranges from 20 mg to 40

mg BID; goes into your body inactive as lactone prodrug)
• Pravastatin (Pravachol) (decreases LDL 18-35 percent, dose range from 10 mg to 

40 mg; has open active lactone ring)
• Rosuvastatin (Crestor) (for SUPER SEVERE cholesterolemia; 19-hr half-life)
• Simvastatin (Zocor) (decreases LDL from 28 percent to 40 percent in dose ranging 

from 10 mg to 40 mg; goes into your body inactive as lactone prodrug)
• Cerivastatin (Baycol) has side effect of rhabdomyolysis, which means your muscles 

degrade and you pee muscle myoglobin out and you have kidney damage, it was 
the first statin marketed and now is not marketed anymore becuz side effects

Fibrates
• Gemfibrozil (lopid) (½ life of 1.5 hours) renal excretion 70 percent, unmodified
• Fenofibrate (tricor) (½ life of 20 hours) 60 percent renal excretion and 25 percent 

fecal excretion
• Clofibrate (Astromid-S)

Niacin acts as both a statin and a fibrate (brand name Niacin, generic nicotinic acid)

Cholesterol uptake inhibitor
• Ezetimibe (zetia) 

Bile acid sequestrants: 
• cholestyramine (questran)
• colestipol (colestid)
• colesevalem (welchol) is a kind of fiber 

Minoxidil (potassium channel agonist)



Anti-arrhythmias
• Class IA, intermediate sodium channel blockers: quinidine, procainamide, 

disopyramide
• Class IB, fast sodium channel blockers: lidocaine, mexiletine, tocainide

◦ mexiletine and tocainide are oral formations of lidocaine 
• Class IC, slow sodium channel blockers: flecainide, propafenone, moricizine

◦ contraindicated in MI
• Class II: propranolol, esmolol, metoprolol, acebutolol

◦ These are all beta blockers
• Class III, potassium channel blockers: amiodarone, dofetilide, ibutilide, sotalol
• Class IV Calcium Channel blockers

◦ Verapamil (Calan) is the most potent negative inotrope, helps with angina
◦ Diltiazem (cardizem) works on cardiac muscle to slow the SA node; its negative 

inotrope abilities are negligible
◦ Nifedipine (Adalat)--is a dihydropyridine that works on smooth muscle and helps 

with angina
• Class V, miscellaneous anti-arrhythmia drugs mentioned:

◦ Adenosine 
◦ Magnesium and potassium salts 
◦ Digitalis (cardiac glycoside)
◦ Atropine (muscarinic receptor antagonists)

Antimicrobials: Concepts

We sort antimicrobials two ways: via mechanism of action or organism.

Antimicrobials like penicillins and cephalosporins act on cell wall synthesis. Drugs like 
macrolides, aminoglycosides, and tetracyclins inhibit bacterial protein synthesis. Drugs like
flouroquinolones, rifampin, and antifolates affect nucleic acid metabolism. Other drugs get 
sorted by whether or not they're antiviral, antimycobacterial, antiparasite (antiprotozoal and
anthelminths), and antifungals. Some of these antimicrobials are bactericidal, which kills 
the bacteria, and some are bacteriostatic, which keeps the organism from continuing to 
grow and then lets the immune system cure the pt the rest of the way. 

Antibiotics are technically natural substances made by living organisms to kill other 
organisms—like penicillin, which is made by a fungus. So technically the antimicrobials 
that are synthetic aren't antibiotics. But whatever.

When you're selecting your antibiotic, you need to be careful of patients undergoing 
cancer chemotherapy, pts with kidney disease, elderly folks, newborns, or pts with liver 
disease, but you don't need to be as careful with pts with chronic conditions that don't 
affect their immune system or drug metabolism directly, like hypertension. You can give 
your hypertensive pt the normal antibiotics you give anyone else.

When you're giving your antibiotic, you should think about all those drug distribution 
principles we talked about. For example, you give aminoglycosides parenterally (through 
IV) at high dose once a day because they are really polar and have lots of cations, which 
makes it hard for you to absorb them orally. So all aminoglycosides except neomycin want 
to be given through your blood. You basically blast your pt with them. That's an example of
concentration-dependent killing. Basically, some drugs are much better at killing 



bacteria with the more drug you give. Those drugs, you want to get high peak levels in 
bursts, to kill the bacteria faster, rather than slowly so it gets stronger instead. Time-
dependent killing is when upping the concentration doesn't matter—you just need more 
time for the antibiotic to work. Beta lactams, glycopeptides, macrolides, clindamycin, and 
linezolid are like this. So penicillins and cephalosporins, you focus on keeping blood levels 
above the killing point (Minimum inhibitory concentration) for 60 to 70 percent of the time. 
In these cases you use frequent dosing. Some drugs have a long post antibiotic effect, 
which means they keep the bacteria dead or inhibited for a long time after you give them, 
and in those cases you only need one dose a day. Aminoglycosides and flouroquinolones 
are like this against gram-negative bacteria.

When do you give your antibiotics? You should give drugs for emergencies like meningitis 
right away, even before you get the results back, says Lippincotts, but after you've taken 
the samples you're going to send to the lab, because if you give the drugs before you take 
those samples then you're screwing with your results. So for urgent, known causes that 
succumb to therapy, or urgent, uncertain causes where waiting could hurt the patient, you 
should give a drug ASAP. On the other hand, when it's not urgent, and you're not certain of
the cause, you should treat more carefully, and wait for results. ALSO in rare cases if it's 
urgent, but you know it might be an organism that doesn't succumb to therapy, then you 
really shouldn't give an antimicrobial until you're sure you're going to hit it with the right 
one.

How do you choose your antibiotic? In the clinic, ideally you would match your bug to the 
drug, but often you use empiric therapy. In this case you'd take the best reasonable guess,
go after the usual suspects, and try therapy until it works. You should look at the CDC 
alerts to make sure there aren't resistances going around in the local area or population. 
You'll also evaluate its minimum inhibitory concentration and minimum bactericidal 
concentration, instead of its ED50. That's because we don't want to kill 50 percent of the 
bacteria, but all of it. You also need to remember that things don't always get to the site of 
infection. Macrolides, for example, don't get into urine, while penicillins actively 
concentrate there, and not many drugs penetrate the eye. You may also choose to give a 
combined therapy, either to increase or decrease the individual drugs' bacteria-killing 
ability. Piperacillin and aminoglycosides together are less aggressive than individually; 
sulfamethoxazole and trimethoprim are stronger together than you'd expect just by adding 
their effects; sometimes a drug won't even work without the other drug (potentiation); and 
some drugs are indifferent, where you add two drugs and they just do their own individual 
things as if there was no one else there and that's fine. You also need to choose based on 
age. Infants are susceptible to chloramphenicol, old folks are more vulnerable to hearing 
loss from aminoglycosides. During pregnancy, streptomycin can cause hearing loss in a 
child. Tetracycline binds to growing bones and teeth, so kids under like ten shouldn't really 
have it. Genetics, of course, still play a role, and folks with G6Pdehydrogenase deficiency 
can't take chloroquine because it causes hemolysis. Finally, you need to consider cost. 
Expensiveness, says Dr. Hill, can be a form of toxicity.

Drug resistance is another frustrating complication. Drug resistance is quite frustrating 
because it seems like we're going back to the times when we didn't have any weapons 
against bacteria. We've had a seven-fold increase in nosocomial infections in the last 
twenty years, and more than 70 percent of nosocomial infections are resistant to their 
common antibiotics. Deaths from septicemia went up 272 percent since 1979 and 2000—
cases went up 400 percent, so you can see we were actually pretty good at treating it, but 
things are getting kind of bad. Interestingly, if you don't use an antimicrobial for a long time,
the sensitive strains will come back. So overprescribing antibiotics is really a serious 



problem. Another serious problem is giving antibiotics to cows and stuff who aren't sick! 
This makes the cow grow bigger and faster, since there's less bacteria inside the cow 
eating the food that the cow is eating, but if you're giving antibiotics to all these non-sick 
cows you're really selective for antibiotic resistance. Bugs become resistant by spitting the 
antibiotic back out, not having enough pores so they don’t take it up in the first place, or 
having enzymes that break the antibiotic down. When you're looking at resistance studies 
you need to look at geography, hospital-acquired or not, and the “degree” of resistance. 
Low-level resistance means you can give more of the same drug and overcome the 
resistance—high-level resistance means if you did that, the toxicity of the drug would 
poison the patient. Urgent threats right now (from the 2013 CDC report) include C. diff 
killing 14000 per year, carbapenem-resistant enterobacteriaceae (Klebsiella and E. coli 
killing 9300 ppl per year), and drug-resistant Neisseria gonorrhoeae. We're also worried 
about Acinetobacter, Campylobacter, fluconazole-resistant Candida (210 deaths), and 
Klebsiella and E. coli that are resistant to beta lactams. Vancomycin-resistant entrococcus 
killed 1300 in the year before the report, and you've also got drug resistant strep pneumo 
killin 7000 people that year, and drug-resistant shigella. Lots of major urgent threats. You 
can download the report if you want to read more. In addition to prescribing well, you need 
to handwash a lot! When they go in and check rules for washing hands, they find doctors 
really don't do as good as you'd think—an adherence of 40 percent nationwide in Canada! 
Handwashing with soap in daycares cut down pneumonia-related infections in kids under 
five by more than 50 percent. Handwashing is good! As an institution, you can also try 
standardizing therapeutic regimens among doctors so you have multiple drug therapies 
and then you switch regimens to recover sensitivity, kind of like George Washington 
Carver taught farmers to switch crops to help replenish nitrates in the soil. Maybe 
intelligent institutional practices can help.

So how do antibiotics work? 

We're talking first about 

cell-wall inhibitors.

All of these have a lactam ring, and then some slightly different structure after that. 
Penicillins have a five-sided ring, cephalosporins have a six-sided ring, carbapenems have
a different six-sided ring, and monolactams don't have a ring.

Penicillins are cell wall inhibitors that mess with the last step of bacterial cell wall 
synthesis—the transpeptidation or cross-linkage. That leaves the cell membrane open to 
our varyingly osmotic environments, and that osmotic pressure can cause cell lysis of the 
bacteria, or even activate the bacteria's autolysins so the bacteria kills itself. Penicillins 
have a 6-aminopenicillanic acid residue, and then a different side chain for each penicillin 
that helps it act. One thing they do is inhibit PBPs, penicillin-binding proteins, which are 
enzymes that help make the cell wall and keep it maintained and fixed and stuff. This is the
part of penicillin that methicillin-resistant staph aureus (MRSA) is resistant to.  Penicillins 
also inhibit transpeptidases, which are PBPs that help the peptidoglycan chains in the wall 
cross-link. Not only does this make the wall weak, but since the bacteria's enzyme is 
blocked, the precursors to its enzyme product, the “park nucleotide” UDP-acetylmuramyl-
L-Ala-D-Gln-L-lys-D-ala-D-ala, start to accumulate. Normally transpeptidase works by 
taking the UDP off that molecule. I also mentioned autolysins. Gram-positive cocci make 
autolysins to help them model their wall, by breaking it down, kind of the way we have 
osteoclasts and osteoblasts. Without the building enzymes, the tearing-down enzymes 
basically have a hey-day and win and it's great.



Gram-negative bacteria offer a special challenge to cell-wall inhibitors because they have 
a liposaccharide envelope that protects them: penicillins are water-soluble, and can't get 
through that membrane. Fortunately, gram negative bacteria also make pores that let 
water and stuff in. Pseudomonas aeruginosa is frustrating because it doesn't like to make 
a lot of pores. Some bacteria also make beta-lactamases that cut the beta lactam ring of 
the penicillin. Some make specific enzymes that go after particular penicillins 
(penicillinases) and cephalosprorins (cephalosporinases). That's another way MRSA 
works. And actually, staph now has an 80 percent resistance rate. Thankfully, hemolytic 
strep is very slow, and there still is almost no resistance from it.

To fight the beta lactamases, we might give a compound that inactivates them. Clavulanic 
acid and sulbactam and tazobactam inhibit beta-lactamases. We give them in combination
with other drugs and chemicals. Augmentin, for example, is amoxicillin with clavulanic acid.

Natural penicillins come from the mold penicillium chrysogenum, while ampicillin is 
semisynthetic, with R-groups pasted on by humans. These are mostly for gram positive 
and gram negative cocci, gram positive bacilli, and spirochetes. Penicillin G is used for 
bacteremia through IV, while penicillin V is used orally for infections other than bacteremia.
Both of these are useful against streptococcus and some major STDs like syphilis and 
other treponemas. Strep pyogenes still has like no resistance, while strep pneumonia 
might have some. You'd also use these for anthrax, diphtheria, listeriosis, rheumatic fever, 
anaerobic infections like clostridium and diptheria and trench mouth, and neisseria 
meningitides. It's so effective against syphillis that it kills everything really suddenly, and 
you might get sick from suddenly having all these dead bugs in you. Gonorrhea and 
staphylococci are all resistant.

Extended-spectrum penicillins like ampicillin and amoxicillin are like penicillin G, but 
more effective against gram negative bacilli. Ampicillin is really good for listeria 
monocytogenes (drug of choice) and some enterococcals. They're also used broad-range 
for respiratory infections, and dentists use amoxicillin to prevent the endocarditis we talked
about with dental surgeries. Plasmid-mediated penicillinases kill these penicillins pretty 
easily, and E coli and haemophilus influenzae are often resistant, but not always, and so 
we use them for UTIs and salmonella and influenza infections and bacterial diarrheas and 
stuff. Ampicillin is really good for shigalosis. Amoxicillin is not, because it's like completely 
absorbed and doesn't stay in the intestine long enough to get into the shigella and 
salmonella down in your intestinal crypts. You can combine them with clavulanic acid or 
sulbactam or those other things I mentioned to try to protect them from beta lactamase—in
fact, amoxicillin is really not given by itself as much as in combination to make augmentin. 
Extended-spectrum penicillins are also called amino penicillins, and bacampicillin is 
another one of them.

Antistaph penicillins were originally given because they're resistant to penicillinase, 
which staph has in abundance. These include methicillin, nafcillin, oxacillin, and 
dicloxacillin. None of these work against gram-negative infections, and because methicillin 
causes interstitial nephritis, we don't usually use it for anything but identifying MRSA so we
can get scared. MRSA is frustrating because antistaph penicillins were already developed 
to get around bacterial resistance, but now they've got no use against MRSA. Fortunately, 
MRSA is usually susceptible to vancomycin, but now that's changing, too, and they're 
resistant to macrolides, sulfa drugs, and pretty much everything all the time. Gah! And like 
60 percent of staph infections in hospitals are MRSA! You can remember these penicillins 
with the mnemonic MNOx—methicillin, napfcillin, and everything with ox in it except for 



amoxicillin. All the penicillinase-resistant penicillins are destroyed by your stomach's acidic 
environment, so you have to give them thirty to sixty minutes before meals or two to three 
hours afterwards so there's no food to get your acids going.

Antipseudomonal penicillins are good against p. aeruginosa, which I mentioned is picky 
with its pores and therefore frustrating. These include carbenicillins, ticarcillin, piperacillin, 
azlocillin, mezlocillin, piperacillin...basically things with Zs and Rs in their names. 
Piperacillin is the strongest. Unfortunately, klebsiella is resistant to these because it has 
penicillinase. You might combine ticarcillin or piperacillin with clavulanic acid or 
tazobactam to help them get into the penicillinase-producing organisms. 

Penicillins with aminoglycosides are when you put beta-lactam antibiotics with 
aminoglycosides. Penicillins help the aminoglycosides by opening the wall! That means 
you get synergy, where the effect of both drugs together is stronger than the sum of their 
individual effects. You can't give these two types of drugs in the same infusion fluid, 
though, because after they touch each other a long time the positive aminoglycosides stick
to the negative penicillins and they both inactivate. You need a little romantic tension and 
separation to keep them working. = P

Everything with V and amp are oral; everything with ox is parenteral. You can give an oral 
drug parenterally, but the reverse doesn't work. Penicillins tend to be the drugs you use in 
big huge syringes and stuff because you're giving giant gram amounts instead of just mg 
amounts.

With all of these, you need to worry about being TOO effective and causing 
superinfections, where you kill all the normal flora and then a really bad flora takes over.

All penicillins have the possibility of causing hypersensitivity, diarrhea, nephritis, 
neurotoxicity, hematologic toxicities, or cation toxicity. Late reaction hypersensitivity after 
72 hours is most common with ampicillin. Piperacillin, ticarcillin, and nafcillin, and penicillin 
G at high doses might make you decrease coagulation, so like folks who are having 
hemorrhages might be concerned about it. Penicillin G comes into your body as a 
potassium salt, and ticarcillin comes in as a sodium salt, so you need to take that into 
account when you're doing electrolyte stuff. No penicillins cross the BBB unless the 
meninges are inflamed.

Cephalosporins are pretty much the same structure as the penicillins, but they're more 
resistant to beta-lactamases. You make them by attaching different side chains to 7-
aminocephalosporanic acid. Some people see them as like super-penicillins.

We remember cephalosporins and their actions in generations, but Dr. Hill says there's so 
many exceptions it's hard to really keep straight what generations do what. But they do 
have different abilities. 

For first generation, think penicillin G substitutes that resist staph penicillinases (so not 
MRSA but yes MSSA staph) and also fight Proteus mirabilis, E. Coli, and Klebsiella (PEK). 
First generation, PEK.
Cephalexin—If you're thinking Penicillin G substitutes, you should think hm, there's 
probably a lot of resistance if they're similar—and you'd be right. Just because it's resistant
to staph penicillinases doesn't mean it can fight the other beta-lactamases. Uses: UTIs, 
minor skin lesions, some E. Coli and Klebsiella.
Cefazolin—used for surgical prophylaxis. It's given via IV for that.



The first gen drug cephaloridine is nephrotoxic, and becomes more nephrotoxic around 
gentamicin.

For the second generation, you should think respiratory tract infections (that includes 
otitis media and sinusitis). They cover the first generation stuff, but also HEN, H. 
influenzae, Enterobacter aerogenes, and some Neisseria. These are more gram-negative-
strong than gram-positive. So HENPEK and also strep and moraxella because RTIs. HEN 
PEKS eM'. 
Cefoxitin (and cefotetan) also covers Bacteriodes fragilis, but there's increasing 
resistance there.
Cefuroxime crosses the BBB.

Third generation cephalosporins have enhanced gram-negative activity. They're not as 
good against gram positives as First generation are. These are dangerous to use because 
they're really good at spreading antimicrobial resistance!
Cefoperazone and ceftazadime are good against pseudomonas but not H. flu, while the 
rest of the third generations are good against H. flu but not pseudomonas. 
Cefotaxime, ceftriaxone, and ceftazidime cross the BBB, so Cefotaxime and 
Ceftriaxone are agents of choice against meningitis. 
Ceftriaxone has the longest half-life, and you use it especially for gonorrhea and lyme 
disease. 
Cefixime and cefpodoxime are both oral. You can remember cefixime because oral 
fixation.
Cefoperazone inhibits alcohol dehydrogenase, which means you can't break down alcohol
and you'll get a build up of acetaldehyde, so you can't drink alcohol on this drug. It can 
also cause delayed clotting, so it's not good for folks with bleeding disorders, just like the 
second-gen cephalosporin moxalactam.

The fourth generation is just one drug, really, and it's parenteral and wide-spectrum. It's 
another good one to remember for its possible Pseudomonas use (although you have to 
check for resistance) and for non-meth-resistant strep and staph, gram negatives, and 
aerobes like Enterobacter, E. coli, Klebsiella, H. flu, and Proteus mirabilis. Basically 
everything that's not super-resistant or an obligate anaerobe.
Cefepime (maxipime) overcomes most beta-lactamases and is pretty powerful but 
expensive. It's used especially for nosocomial infections, it's given IV or intramuscularly, 
and it penetrates into the CNS.

The fifth generations are the newest ones, the only one used in the US (approved 2010) 
is ceftaroline that's active against MRSA, gram positive, and gram-negative bacteria. In 
other countries they're using Ceftobiprole, which is active against MRSA, penicillin-
resistant strep, pseudomonas, and enterocci.

Bottom line, you use cephalosporins for minor staph infections, UTIs, and respiratory tract 
infections. We use the parenteral ones for patients who've got multiple infections at the 
same time, and for complicated problems like pseudomonas, meningitis, and 
intraabdominal sepsis. Think super-problems for penicillins.

If you're allergic to penicillins, there's a ten percent chance you might be allergic to 
cephalosporins. Cephalosporins also might cause superinfections from resistant 
enterobacters, because they tend to kill everyone else.

Carbapenems are beta-lactam drugs that have a carbon atom in the thiazolidine ring 



instead of a sulfur like penicillin does. Think no sulfur=less allergies! Think ipenem, 
meropenem, dorpenem, and ertapenem. You see imipenem in combination with cilastatin 
to protect it from your kidney's dehydropeptidase, which would otherwise break imipenem 
into something nephrotoxin. That change makes it useful for treating UTIs. It's good 
against everything—positives, negatives, anaerobes, even pseudomonas, and it's 
resistant to most beta lactamases, but it's not good against enterococci. It's parenteral, 
crosses the BBB, and goes out your kidney. Fortunately, imipenem doesn't usually have 
allergies in common with penicillin, although it might sometimes cause seizures. 
Meropenem is more active against H.flu and pseudomonas, and has a longer half-life, 
while ertapenem is similar but a little less active against pseudomonas, enterococci, and 
acinetobacters. Recently a lot of enterobacteriaceae like klebsiella and e colli are getting 
really resistant to carbapenems (using the enzymes klebsiella pneumonia carbapenemase
and New Delhi Metallo-beta-lactamase), and that's frustrating because these drugs have 
been so useful. It's also frustrating because the resistance gets shared between bacteria 
via plasmids, and once you get that plasmid, as a bacteria, you're resistant against almost 
everything except polymyxins and tigecycline. Polymyxins are really nasty and have lots of
side effects, so that's pretty awful. 

Aztreonam is a monobactam that is a beta-lactam without a second ring. It's good mostly
against enterobacteriaceae like p aeruginosa. It's narrow spectrum, so you don't use it in 
empiric therapy, but when you know it's pseudomonas or a similar aerobic gram-neg. It's 
not good against gram positive. It's pretty nontoxic, but might cause a rash, phlebitis, or 
some weird liver function tests. It's pretty safe for people who are allergic to penicillins or 
cephs.

Probenicid is a helper that keeps beta-lactams from getting secreted in the kidney. That 
means they stay around in the body longer to work! Yay longer half-life.

Cilastatin is that helper we mentioned that keeps imipenem from getting metabolized in 
the kidney.

Clavulinic acid, sulbactam, and tazobactam are all non-competitive inhibitors that 
protect beta-lactams from bacteria's beta-lactamases. 

Vancomycin is a tricyclic glycopeptide. It binds to d-alanine-d-alanine on the growing cell 
wall and keeps the bacteria from adding more peptidoglycans, so it kills growing bacteria. 
It's neat because it works against clostridium difficile, and like nothing else does, and it's 
useful for some MRSAs and things, especially in patients who can't tolerate penicillins. 
However, vancomycin can cause a whole bunch of histamine release when you give it too 
fast, and that makes the pt get really red and flushed and it looks like shock even though 
it's not. Vancomycin can also cause ototoxicity (with hearing and vestibular balance 
destroyed), and nephrotoxicity (especially if you also take aminoglycosides) and it can also
cause anaphylaxis. VRSA—vancomycin-resistant-staph—is now becoming a problem. 
Vancomycin is also hard to absorb. 

Polymyxins are drugs that attach to the cell membrane's phosphatidylethanolamine to 
mess up permeability and membrane transport. Attacking cell membranes, what should 
that make you think? They're usually pretty good against gram negative organisms like 
pseudomonas. You can use them against Klebsiella that are carbipenem resistant, too. 
Because they're pretty big and nasty, and very hydrophilic and hard to absorb if you don't 
give them IV, and because in IV they might cause neurotoxicity and nephrotoxicity, you 
prefer to give these drugs topically or injected into the pleural cavity. They're often in the 



triple antibiotic neosporin because they're good against gram negative organisms that 
cause skin infections, and it's nice that they don't cause allergies!

Bacitracin is similar to polymyxins, because it's also hydrophilic and nephrotoxic, so we 
like to give it to the skin or the pleural cavity like polymyxins. It messes with cell wall 
synthesis by dephosphorylating and stopping isoprenylphosphate from transporting the 
mucopolypeptides the bacteria needs to weave with. It's also in ointment with neomycin 
and polymyxin, too.

Inhibitors of Protein Synthesis

Humans have ribosomes with 60s and 40 s subunits, so it you block 50s and 30s, which 
only bacteria have, you can kill bacteria! If you shut down enough protein synthesis you 
will be bactericidal, while if you shut down just most of it you'll be bacteriostatic. Different 
drugs inhibit the 50s OR the 30s, or both.

Macrolides have maybe ish the third best reputation among broad spectrum 
antibacterials, says Dr. Hill. They all have thromycin in their names: erythromycin, 
azithromycin, and clarithromycin. They're big lipophilic molecules—that's why they've got 
macro in their names. So they've got kind of a mixed absorption, because they're lipo, but 
they're big. They can't cross the BBB, and they get metabolized by the liver and excreted 
into the bile and lost in the feces (so you can't use them against UTIs). They're relatively 
safe—there are some P450 interactions—but usually you get GI nausea because they 
stimulate your motilin receptors. 0_0 Everything that works through P450 is going to have 
interactions with these things. How do macrolides work? Macrolides bind to the 50s 
ribosome and keep peptidyl tRNA from getting transferred to the donor site. 

How do bacteria resist macrolides? There's a bacterial enzyme that methylates the 
ribosome. That's spread through a plasmid. The enzyme on the plasmid changes the 
ribosome receptor so now it no longer accepts the macrolide, or lincomycin (the 
unchlorinated version of clindamycin), or streptogramims, so that sucks. This is called MLS
resistance. There's also plasma-mediated hydrolysis, or times when the bacteria is bad at 
uptaking the drug, or when the bacteria actually spits the drug out (extrusion).

Erythromycin has an hour and a half half-life, while azithromycin has a long half-life that's 
like two days. Erythromycin's been around forever, but actually it can double your risk of 
sudden cardiac death and quintuple your risk of sudden cardiac death if you're taking a 
calcium channel blocker. Clarithromycin's metabolite is pharmacologically active—
clarithromycin can still do stuff after it's broken down. It and azithromycin are better for 
H.flu, and can stop M avium in immunodeficient patients.

Macrolides are kind of over-used because they work for almost all respiratory tract 
infection as empiric therapy (again this includes stuff like otitis media). Staph, strep, 
moxarella, and even things like Legionairre's, and the pharyngitis of corynebacteria like 
diphtheria and erythrasma, like weird rare diseases. They're considered something that 
can do like everything except Klebsiella. They fight Bordatella pertussis, mycoplasma 
pneumonia, and so on and so forth. You can use them to substitute for penicillin, so like 
step, staph, pneumococcal bronchitis, syphillis, prophylactically before oral surgeries to 
prevent bacterial endocarditis, lyme disease, chlamydia, and acne. This is a lot of stuff. 
How do you sort it out? First, think atypical RTIs. Then think everything but Klebsiella. 
Then think substitutes for penicillin. That'll cover it.



Telithromycin is a newer macrolide that is good against some macrolide-resistant strep 
pneumonia. It's a bit more hepatotoxic, and it's still not good against MLS resistant 
bacteria. It's got a half-life of eight hours.

Folks who have allergies to these have rashes and increased eosinophils.

Tetracyclines all have cyclines in their names: tetracycline, doxycycline, minocycline, 
tigecycline. They're broad-spectrum antibiotics that hit both gram positives and gram 
negatives, and they're bacteristatic drugs that bind to the 30s subunit and prevent 
additional binding by aminoacyl tRNA. They're bacteriostatic, and they don't end up in your
cells, just in bacterial cells. The gram negative rods have lately been spreading around a 
plasmid-mediated resistance where they actively spit the tetracycline out, or where they 
hydrolyze the tetracycline or change their ribosome. 

Tetracyclines bind to calcium. That's their thing. So you can't take milk, or calcium-
carbonate antacids, or anything like that, because it'll all prevent them from getting 
absorbed. They also bind to growing bones and teeth, so you don't give these to little kids 
under eight, or to pregnant women. It will permanently stain little teeth and bones, and can 
give you a lawsuit. You can also get some gastric discomfort, too. Demeclocycline, 
doxycycline, and tetracycline all make your more photosensitive so you'll get easily 
sunburnt, and that sucks. Minocycline and doxycyclin will collect in your inner ear and give 
you vestibular problems with nausea and dizziness. Because they're bacteriostatic, you 
don't give these with bactericidal antibiotics: they stop the organisms from growing, which 
also stops the organisms from using the pathways by which bactericidal antibiotics kill 
them!

Tetracyclines don't cross the BBB (except minocycline—remember that because a minnow
is a little fish, so you can think of it swimming across). They undergo enterohepatic cycling 
and their conjugates get eliminated by the kidneys. Doxycycline gets eliminated in the 
feces.

Tetracyclines aren't used as first line therapy because of the resistance problem. They're 
only first-line therapy for lots of uncommon infections like Rickettsial infections (Rocky 
Mountain spotted fever, rickettsial pox, Q fever, Brill's disease, murine and scrub typhus) 
and still Chlamydia. You can fight anthrax with doxycycline. 

Tetracyclines are also used against mycoplasma pneumonia, some H. pylori, and as 
alternate therapy for cholera and lyme disease and severe or debilitating acne (topical first,
before systemic: use spectinomycin and macrolides against acne too). They fight some 
protozoan infections too, like amoebiasis, but remember you often have amoebiasis in 
countries where it's very sunny, and of course you have to worry about phototoxicity like 
we said. Tigecycline—IV only—is also useful against MRSA, VRSA, CCSI (complicated 
skin infections), and NDM-1 CRE resistant organisms. It's got a large side glycyl chain that
helps it overcome tetracycline resistance. It's very powerful.

Chloramphenicol is lonely in its family. It's a huge broad-spectrum antibiotic that we stole 
from streptomyces venezuelae in 1947, and Dr. Hill describes it as a gorilla: really 
powerful, but only for severe infections because it gets out of control. Binds to 50s 
ribosome, so it's very broad spectrum, and inhibits the peptidyl transferase from binding, 
and resistance against it is rare, probably because it's not used that often. You could resist
it, as a bacteria, if you had chloramphenicol transferase to inactivate it. It's lipid-soluble 
and easy to absorb and it crosses the BBB well. It can even penetrate the eye! The liver 



metabolizes it into a glucuronate metabolite that the kidney than pees out. You use it 
against H. influenzae, N. gonorrhea and N. meningitidis, Salmonella, Brucella, Bordatella 
pertussis, anaerobes like Clostridium, Strep and some Bacteroides, and it's basically pretty
much used when you don't have another choice or you REALLY need to go after 
something that is hidden somewhere other drugs can't penetrate (like the eye). It's an 
alternative to tetracycline for Rickettsiae. You also use chloramphenicol to whack 
symptomatic typhoid or paratyphoid fevers due to Salmonella, serious haemophilus 
infections in your meninges (or laryngotracheitis or pneumonia, too), bowel sepsis (like the
worst kind of sepsis), or CNS infections where you don't know what's causing the infection.

Chloramphenicol can cause nausea and vomiting, and because it kills everything can 
cause a GI superinfection. You're really worried about it suppressing your bone marrow 
and causing reversible aplastic anemia. In about 1 out of 30-40,000 cases it inhibits bone 
marrow mitochondrial protein synthesis, and about half of your aplastic anemia patients 
will straight up die. Because infants can't glucuronidate the drug to eliminate it, your baby 
will turn gray (gray baby syndrome) and become flaccid, hypothermic, and vomit, and go 
into shock, if you give her chloramphenicol. Chloramphenicol also inhibits P450.

Aminoglycosides are also less safe more narrow-spectrum drugs. They earned Dr. 
Waksman a Nobel prize in 1949, and were the first anti-gram-negative drugs, and in that 
way more useful than penicillins or sulfonamides. They worked nicely against TB, and they
came from molds just like penicillin did. Streptomycin, tobramycin, amikacin, neomycin, 
kanamycin, and gentamicin: Stank-g, the famous rapper Dr. Hill listens to. = P They bind to
the 30s ribosome of the bacteria and keep mRNA from binding, so you either get 
misreading and make your proteins wrong, or you never start protein synthesis at all. They
shut down protein synthesis enough that they can be straight up bactericidal. 

Aminoglycosides are kind of opposite of chloramphenicol: they don't penetrate into 
anything because of their charge from the amino and their big size from the glycose, and 
they're very hydrophilic. So because aminoglycosides are big, you have to actively 
transport them into you if you're a bacteria, and that absorption is oxygen dependent. So 
who wouldn't take these in? Anaerobes! So if they don't kill anaerobes in your gut, but kill 
everything else, what might happen? Superinfection. Some bacteria have different 30s 
subunits or inactivate them with enzymes. Also, even though aminoglycosides work on the 
30s, they can bind to the 50s and block other drugs from working on the 50s. That's 
annoying.

You're not going to absorb these well if you take them orally. We give them orally anyway 
because before GI surgery we might want to kill some of your aerobic organisms in your 
intestines anyway. In that case you'd probably give them with something that would also 
kill the anaerobes, of course (the aminoglycosides don't!), to prevent super-infection (What
would you give? Cephalosporins or penicillins or metronidazole or clindamycin!). You don't 
give them by IV injection because if you give them too fast they might cause paralysis. 
They bind to the neuromuscular junction and block it. Only give these via IV drip or 
infusion, controlled, or maybe via a slow intramusclar injection. They don't cross BBB or 
get into eye, because like we said they're big, and because they're very hydrophilic they're 
not metabolized—they can just leave into the urine. If you want to use them in a UTI, you 
should make the urine basic, because they're attracted to basic urine. They're nephro-and-
oto-toxic. You use them for bowel perforations and peritonitis. 

Otherwise, aminoglycosides, think GI, and topical (neomycin), and gram negatives 
(aerobes). The therapeutic window is narrow, so you're also going to use them for really 



nasty systemic infections. Tobramycin, amikacin, and gentamicin are good against E. coli, 
Klebsiella, and super-severe UTIs. Streptomycin (the first one to be isolated) is for 
tuberculosis and bubonic plague and tularemia and endocarditis that comes from 
streptococcus viridans. Gentamicin or tobramycin are good for penicillin-resistant staph. 
Gentamicin might be used WITH penicillins to also help synergistically treat psueodmonas 
aeruginosa. 

You shouldn't use these with nephrotoxic drugs. In the long-term, 1-3 percent of patients 
can develop irreversible nephro-damage, so no furosemide or cisplatin or polymyxins or 
ethacrynic acid or other stuff like that. Folks with myasthenia gravis and hypocalcemia or 
neuromuscular blockers are gonna be in trouble, of course, with the neuromuscular 
junction blockage. Kanamycin and neomycin you NEVER give systemically because 
they're just too toxic: neomycin destroys your hearing horribly. (Remember neomycin is 
given topically in combination with bacitracin and polymyxin.) In general think 
aminoglycosides, ototoxic (both hearing and vestibular) and nephrotoxic. Allergic reactions
cause rashes. Watch drug concentrations in plasma, and watch hearing.

Finally, some miscellaneous protein-generation inhibitors.

Quinupristin and dalfopristin help each other. They're new, and they're called 
streptogramims, and they were made for when vancomycin fails against meth-resistant 
staph and stuff. Dalfoprisin is a class A streptogramim, and quinupristin is the class B one, 
because they bind to the 50s ribosome at different sites. Dalfopristin doesn't just keep 
protein synthesis from starting: it also changes the ribosome's conformation in a way that it
gets a higher affinity for quinupristin, so you can give them together, and then quinupristin 
keeps tRNA from moving from the acceptor site to the donor site. Because of similar 
shapes, bugs that are resistant to erythromycin, or have MLS resistance because they've 
methylated their ribosomes, might be resistant to quinpristin/dalfopristin. Otherwise, these 
guys are good against lots of gram positives and also mycoplasma pneumonia, but they 
don't work against gram negatives. You usually save them for MRSA, VRSA, or 
vancomycin-resistant-enteroccoci bacteremia. They cause pain at the site of injection (you 
give them via IV) and they cause myalgia and arthralgia. They're metabolized through 
P450.

Clindamycin is the new version of a lincosamide that worked a lot better when you 
chlorinated it. This is the L in MLS resistance, and it's similar to the macrolides and binds 
to their same site. This inhibits the 50s ribosomal subunit, and works against anaerobes 
like B. fragilis, and also and lots of gram positive cocci. Unfortunately, clindamycin is the 
main drug that leaves C.difficile behind, giving you a 30 percent chance of superinfection!!!
That's bad! It causes nausea, rashes, impaired liver function, and neutropenia, too, 
sometimes. 

Linezolid came out after the streptogramims, so it's pretty new, and again also used for 
VRSA, VRE, and penicillin-resistant strep. It's not used a lot for MRSA, except for MRSA 
pneumonia, in which case it's more effective with vancomycin. It's got its own unique site it
binds to on the 50s, keeping 50s and 30s from joining together so the ribosome tRNA 
complex can't form! It might drop your platelet counts but other than that it's pretty well 
tolerated.

Spectinomycin is like the aminoglycosides, and it's good against gonorrhea. Really good 
against gonorrea. You inject it intramuscularly, and it can hurt there. Might cause fever and
nausea.



Inhibitors of intermediary metabolism

The last set of antibacterials are drugs that hit intermediary metabolism. Quinolones, Sulfa 
drugs, and some other ones.

Quinolones are considered one of the top innovations of recent years, something like 
number ten or something in some surveys that Dr. Hill has read. They pass the BBB, they 
penetrate into the eye, they're orally available, and at first they only had about two or three
side effects. Now they've been used a lot so you have resistance and more side effects. 
They're used a lot and they're kind of toxic. They have oxacin in their names: levofloxacin, 
norfloxacin, ciprofloxacin, and ofloxacin. There are probably about twenty of them out 
there. The new ones are expensive. All the good quinolones are flourinated and called 
flouroquinolones.

Quinolones work by inhibiting bacterial DNA gyrase. In order to replicate, you gotta unwind
your DNA, and when you unwind your DNA to replicate it you have supercoiling tension 
down the line. DNA gyrase helps relieve that tension in bacteria (humans use 
topoisomerase II for that). So now bacteria can't make RNA at all if you stop their DNA 
gyrase from working. AND because DNA gyrase helps you re-join cut DNA, now you leave 
the bacteria with all this cut and messed up DNA! That just seems mean. They're pretty 
bactericidal. 

These work against staph and pseudomonas, but as resistance gets worse that's 
becoming less true. The target enzymes have become altered, and that's, of course, a 
problem. So you're using these less for staph than before.

Neat thing about these drugs is even though it's absorbed really well, like we said, it leaves
enough of it behind in the gut to deal with GI infections, and enough of it is excreted in the 
urine to help with urinary tract infections. Nalidixic acid, the original quinolone, was once 
used for UTIs, actually, except that it was so bad that you'd get resistance appearing in the
same individual! The second generation flouroquinolones are cipro, enoxacin, ofloxacin, 
and norfloxacin. These inhibit GRAM NEGATIVES, and some gram positives and some 
intracellular organisms like legionella, chalmydia (oflaxin is good against that) and some 
mycobacteria, but not a lot of anaerobes. Newer third and fourth generation drugs like 
geprafloxacin are good against more gram positives, like staph and strep and some 
anaerobes, so now you can start giving them for respiratory tract infections, which you 
couldn't before. Don't use the second generations for community-acquired pneumonia! For
UTIs, these are empiric therapy, and for bacterial diarrheas like shigella, E. coli, 
slamonella, and typhus, too. Remember, eye infections and brain infections.

Not a lot of things work for mycobacterium therapies, but these do, and they're a nice 
second choice for TB. Somebody with a transplant might take these drugs for a long time. 
Bone marrow transplant, and neutropenic patients. Norfloxacin for gonorrhea, and 
ciprofloxacin for anthrax. 

The nausea and vomiting with these drugs can be really bad, and because they penetrate 
the BBB you can get CNS side effects, and there's P450 interactions because they're 
metabolized by the liver. For people with G6PD deficiency, you can end up giving them a 
hemolysis-like syndrome! Oh no! So no ciprofloxacin or ofloxacin for them. Anemia, 
increased Qtc interval, peripheral neuropathy, tendonitis, tendon rupture, muscle 
weakness, and neuromuscular blockade are all possibilities with these drugs.



Sulfonamides and trimethoprim are always together, because by themselves there's just
too much resistance. Look for things with sulf in their names. For humans folic acid is a 
vitamin, but bacteria make folic acid for themselves from PABA (para-aminobenzoic acid). 
We block that with sulfonamide drugs. So now the bacteria has no way to make 
thymodine, and then can't make things for DNA. So basically they stop the dihydropteroate
synthase. To some extant they also inhibit our human folic acid, so you get less nucleic 
acid production, and you make less cells and get mild anemias and things. Would this be 
bactericidal or bacteristatic? They just keep bacteria from replicating and making new 
things, so they're bacteristatic. You tend to get rashes that cause eyrthema, 
photosensitivity, etc. The rash from hell is Stevens-Johnson syndrome: you get mucosal 
ulcuerations and erythema multiforme all over your body! So people prone to that have to 
avoid ALL the sulfa drugs. Newborns can get kernicterus from sulfonamides. Newborns 
aren't very good at making a BBB, and they also have lots of bilirubins since they're little 
livers aren't good at making stuff yet. Those bilirubins are on the albumin in the blood, but 
these sulfonamides knock bilirubins OFF the albumin and set them free to get into the BBB
and hurt the baby. 

You can use these drugs against malaria and non-resistant organisms for respiratory and 
urinary tract infections.

The main sulfa drug to know is sulfamethoxazole which is the one given with 
trimethoprim. What's trimethroprim? It prevents you from turning dihydrofolate into 
tetrahydrofolate, if you're a bacteria. So you block several steps of the folic acid anabolism 
when you take these two together. Trimethoprim isn't used alone. Think of its side effects 
as being all the sulfa ones. The trade name of this combination is Bactrim or Septra, and 
we generically call the combination co-trimoxazole. Why sulfamethoxazole with 
trimethoprim, instead of a different sulfa? Because they have roughly the same half-life. 
They also have a broader spectrum of action together. They're used for PCP fungal 
infections in HIV patients. They're a good primary choice against bacterial prosttitis, 
shigella, typhoid fever, salmonella, pneumocystis jirovecki, pneumonia in AIDS patients, 
otitis media, sinusitis, chronic bronchitis, some pneumonia organisms, chlamydia, 
brucellosis, and E. coli. But E. coli is now making a lot of resistance (like 30 percent) so 
that's kind of lame.

Metronidazole has about two or three different uses. It works against anaerobes. 
Anaerobes have ferredoxin in them that reduces metronidazole to a reactive molecule that 
burns them! Use metronidazole for bacteroides and clostridium difficile. It's the prefered 
drug for c. difficile (remember vancomycin was also good for that). It's also good against 
protozoans like amoebas and trichomanias. Why? Because inside them, protozoans often 
actually act as anaerobes, since they just don't get enough oxygen! This is also good 
against H. pylori (because anaerobic), and after C. difficile that might be metronidazole's 
biggest use. There's a nasty metallic taste in your mouth when you take metronidazole 
because it's secreted into your saliva. You might get some nausea from it.

Methenamine in acid pH gets broken down into formaldehyde. Which is anti-septic and 
just kills everything. Where do you have lots of acid? In your urine! So you take this in a pill
that protects it from your stomach acid, and then use it for UTIs. This will make your pee 
smell like formaldehyde. Formaldehyde is linked to cancer, so don't use this too much. If a 
pt doesn't have enough acid in their urine you would give this with a urine acidifier.

Nitrofurantoin is another UTI-special drug. The gram-negative bacteria in your UTI tend 



to reduce it to reactive species, which kills them, but also puts it in danger of being a 
carcinogen. 

Daptomycin (cubicin) came out about ten years ago to fight MRSA. 

Fidaxomicin is the generic name for Dificid. You use them for C. dif because they inhibit 
C. diff RNA polymerase. Dificid, C. diff. These are really expensive! They're not absorbed 
after oral doses, so they don't have too many toxic effects, and they hang out in your gut to
kill C. diff. $2000 for one dosing regimen!

Anti-mycobacterial drugs

Mycobacteria are hard to detect by culture, and a lot of the same organisms can cause the
same disease, which is frustrating because they're treated slightly differently from one 
another. They attack you by living inside your cells, and that makes them harder to deal 
with also. In infections, you'll just see this MASSIVE number of organisms. Tuberculosis 
has vacillated from being number two, to number six, to number whatever killer in the 
world, and it's hard to count because some TB deaths are caused by AIDS, but in general 
you know that TB ends a lot of lives, especially in sub-Saharan Africa. You'll see about 1.7 
million people die this year from TB. Each “tubercle” or little sac you'll see in the lungs 
contains like 10 to the 7th to 10 to the 9th organisms. These sacs look like potatoes (tubers) 
in your lungs. This big amount of organisms is why you have to treat with multiple drugs, 
because there is such a huge population of organisms in the pt's body that you'll see 
resistance evolve in the same pt. Your pt with TB will walk in with persistent cough, fatigue,
frequent sweating, loss of appetite—this used to be called “consumption” because it would
“consume” the patient and make them all thin and stuff.

First line therapies are isoniazide, rifampin, ethambutol, pyrazinamide, and sometimes 
added by IV streptomycin. Remember them as RESPIRE. You start with virtually all the 
first-line therapies at the same time: at least three drugs, maybe more, and the standard 
treatment time is six months. Streptomycin is for really severe stuff, and you have to give it
IV in the hospital.

Isoniazid is only useful against M. tuberculosis and kansasii. It was discovered because of
vitamin B6, and it's similar to that vitamin. It stops you from making mycolic acid, which 
you need to exist if you're a mycobacteria. It's bactericidal if you're a bacteria that's 
dividing, and it's bacteriostatic if you're just a bacteria hanging out. 

This is a drug that's metabolized via acetylation. Remember different rates of acetylation? 
Scandanavians and Jews tend to be slow acetylators, while Japanese and Inuits tend to 
be fast acetylators, and in the US it's a 50-50 mixed. Slow acetylators tend to get toxicities,
and fast acetylators tend to have drug failure. Dr. Hill says it's probably passed in a way 
that's more Mendelian, so you're likely either a slow or fast, and a slow and a fast parent 
will probably not blend to make a normal child.

The most common problem with isoniazid is keeping you from making your myelin sheath, 
so you get peripheral neuritis, isomnia, and restlessness. The reason is because isoniazid 
is similar to your vitamin B6, and so blocks and inhibits it competetively. If you remember, 
competetive inhibitors can be stopped when you give LOTS of the substrate, so always 
give vitamin B6 with your isoniazid so that you don't have problems.

Isoniazid is also hepatotoxic, and contraindicated for folks with G6PDehydrogenase 



deficiency. It'll cause a hemolysis in them.

Rifampin binds to RNA polymerase to keep the bacteria from copying anything. Rifampin 
was discovered as a dye, and it will dye your pee, sweat, tears, saliva, contacts, and even 
your skin a little orange. Might give you rashes. It induces cytochrome p450, like the anti-
epileptics, and that means it will increase metabolism of other drugs.

Ethambutol stops the arabinosyl transferase enzyme that mycobacteria need to make 
their cell wall. It's good against tb and almost all the other mycobacteria. Weird side effects
include color blindness (reversible) and messed up vision. Rash, fever, and hyperuricemia 
can happen. Hyperuricemia means this is not a fun drug to give to people with gout.

Pyrazinamide inhibits uric acid excretion, is hepatotoxic, and can help you have more 
gout. We don't know how it helps you with TB, but it does.

Streptomycin we already covered how it works.

Second-line therapy for TB is generally given when first-line therapy won't work. They're 
more toxic or less effective, and they include some flouroquinolones and other stuff.

There's a difference between multi-drug resistant TB and TB organisms that are 
“extensively drug-resistant.” The first thing means that tb organisms resist at least two of 
the first line drugs, and that's 500,000 cases worldwide. The extensively drug resistant is 
about 40,000 cases worldwide, which isn't very much, and this means that the pt doesn't 
respond to four-drug treatment within fourteen days, will then be moved to second-line 
therapies, and is much more likely to die. So not only is this drug resistant to the two first 
line therapies, but it's also more infectious than other forms of TBs, and ignores the whole 
four drug cocktail. How do we treat that? The first problem is finding out that he has this,  
because treating TB is so routine and not as scary as it used to be, and the culture to 
detect multiple resistance might take thirty or more days before you learn to go into “ebola”
mode! The pt has to be isolated, and you have to protect health workers. Once you've 
figured out the first pt (who probably died from this = / ) you'll be better at controlling this. 
This is a really scary TB—there was an outbreak recently in Africa where 90 percent of the
people who got it died, and it's worse than like ebola because it's airborne!

M. kansasii is a mycobacterium that's a little nicer than M. tb, and causes similar 
symptoms. You can get over it in like three months. M. avium is a mycobacterium that 
usually attacks AIDS pts, and it's the third most common life-threatening disease for them 
after P. carinnii and Kaposi's sarcoma. You usually go with rifabutin for them and 
clarithromycin instead of rifampin.

Another mycobacterium is M. Leprae. This causes leprosy. M. Leprae prefers the slightly 
cooler temperatures of your extremities. This is also a massive infection that requires long-
term, multiple drug treatment to prevent resistance. Dapsone is like a sulfa kind of drug 
you use for this. You give it with rifampin, clofazimine, and thalidomide. Dapsone stops M. 
Leprae from making folic acid. The organism selectively takes it up, and basically poisons 
itself. You can get anemias, GI toxicity, fever, rashes, and hepatotoxicity from it. Dapsone 
also helps fight P. carinii in AIDS pts. Clofazimime turns your skin red-brown or black, and
that can be permanent-ish! We don't know how it works, but we use it if pt can't take 
dapsone. Thalidomide is that terrible birth-defect-causing drug they always talk about. Its 
use is very strongly restricted because of that, but it has been recently re-approved for 
leprosy. You just really really can't have it anywhere near pregnant women. It's also useful 



for the wasting in AIDS, rheumatoid arthritis, and multiple myeloma. 

Antimicrobial drug list...
Buckle up this thing is long

Cell wall inhibitors: Penicillins
Amoxicillin (Amoxil)
Ampicillin (Omnipen)
Dicloxacillin (Dynapen)
Indanyl carbenicillin (Geocillin)
Nafcillin (Nallpe)
Oxacillin
Penicillin G (pfizerpen)
Penicillin V (veetids)
Piperacillin (pipracil)
Ticarcillin (ticar)

Cell wall inhibitors: cephalosporins
Cefaclor (ceclor)
Cefadroxil (duricef)
Cefazolin (Kefzol)
Cefdinir (omnicef)
Cefepime (maxipime)
Cefixime (suprax)
Cefotaxime (claforan)
Cefotetan (cefotan)
Cefoxitin (mefoxin)
Cefprozil (cefzil)
Ceftazidime (fortaz)
Ceftibuten (cedax)
Ceftizoxime (cefizox)
Ceftaroline (teflaro)
Ceftriaxone (rochephin)
Cefuroxime (ceftin)
Cephalexin (kelfex)
 
Cell wall inhibitors: carbapenemes
Dorpenem (doribax)
ertapenem (invanz)
Imipenem/cilastatin (primaxin)
Meropenem (merrem IV)

Cell wall inhibitors: monobactams
Aztreonam (azactam)

Cell wall inhibitors: Beta-lactamase inhibitors and antibiotic combinations
Clavulanic acid and amoxicillin (augmentin)
Clavulanic acid and ticarcillin (timentin)
Sulbactam and ampicillin (unasyn)
Tazobactem and piperacillin (zosyn)

Other cell wall inhibitors



Bacitracin (bacim)
Daptomycin (cubicin)
Telavancin (vibativ)
Vancomycin (vancocin)

Antifungals

Yay fungus! Your choose your fungal drugs by where your pt's attacked. GI infections, you 
select an oral drug. Skin infections, topical. Systemic, you need an oral drug that's 
lipophilic enough to get systemically absorbed. Most drugs that are systemic can be used 
for almost all the fungal infections, and most fungal drugs in general are broad spectrum. 
Dermal infections are selective, and some drugs specifically target yeast or aspergillus.

Ergosterol is an important part of your cell membrane if you're a fungus. A lot of drugs will 
bind to it directly, and other drugs will keep it from being formed.

Amphotericin B is one of the ones that binds to ergosterol. It's probably the most powerful
systemic anti-fungal, and it's one of the most toxic drugs you'll ever have to use. It 
basically binds to ergosterol and then wraps around, turns itself into a pore, and pokes 
through the fungal cell membrane. It's got a really broad spectrum of action. If it's a 
systemic fungal infection, you can probably guess amphotericin B. It's a big, hydrophilic 
molecule that's usually given IV. There's a new liposomal form that travels around in little 
fat globules so it can be absorbed through your gut. This is also good for GI infections, 
since it's poorly absorbed, and you could give it topically for vaginal and other infections 
like that. But usually you stereotypically think of your patient with amphotericin B being in 
the hospital with IV. This is pretty nasty side-effects wise. Half of your patients get flu-like 
syndromes, with chilld, pain, fever, headaches, and maybe even convulsions and vomiting.
Like 80 percent of pts will get renal function problems. You can get anemias, hypokalemia
—basically put all the worst side effects from the antibacterials together and you get 
amphotericin B.

Flucytosine is a niche drug. In terms of its mechanism of action, fungal cytosine 
deaminase turns flucytosine into fluorouracil, which inhibits thyamidine synthetase, which 
keeps the cell from reproducing. It basically starves the cell for thymidine. Interesting 
because flourouracil is an anticancer agent, too, which means side effects are things like 
severe GI side effects, anemias, bone marrow loss—other anti-cancer-associated things. 
This is basically for yeast infections like cryptococosis and candidiasis. It's much less toxic 
than amph B, but if it's given alone you might see resistance even within the same patient. 

Azoles like ketoconazole, fluconazole, intraconazole, voriconazole, are all topical drugs. 
Posaconoazole is a new version. These all have CONAZOLE in their names, not just 
azole. Itraconazole and voriconazole are good against aspergillus, but fluconazole is not. 
Usually azoles work for broad spectrum infections though. Some antifungal drugs 
accumulate in your dermal tissues, and that means they can help kill fungus that's gotten 
below your epidermis.

These azoles block the fungus' cytochrome P-450 which it needed to make ergosterol, but 
of course that means they could also hurt our P-450. Ketoconazole is so good at inhibiting 
P-450, it can make you have less testosterone and give you gynecomastia. Sometimes 
you USE it just to inhibit cytochrome P-450, to keep a toxic drug that the pt tried to kill 
themselves with from being activated by P-450! Ketoconazole has so many drug 
interactions. Itraconazole and fluconazole are safer and used more often.



Caspofungin (Cancidas) is pretty well-tolerated for a systemic drug. It keeps your fungus 
from making beta 1,3 glucan. It's newer.

So those were the systemic antifungals. If you're talking dermal infection, you might think 
nystatin. It's basically the same as amphotericin B, but it is a little more toxic. So you don't
use it systemically. It's a big molecule that makes itself into a pore, isn't absorbed, so will 
stay in the GI if you want to use it for a GI infection. Very broad spectrum: candida, 
cryptococcus, histoplasma, blastomyces, used topically for mucosal infections in your 
vagina and so on.

Griseofulvin is an oral drug you eliminate through your skin. It binds to the spindle in fungi
cells so they can't mitose. Instead of mitosing, the fungus just becomes this stuck multi-
nucleated monstrosity and is basically useless. Also keeps cell walls from forming. It's not 
a systemic drug. It's deposited in your keratin, and fungal resistance is rare. It's good for 
dermatophyte infections.

Topical azoles include clotrimazole, econazole, and a few others. These are just like the 
other azoles, but you only give them topically, for things like candidiasis and ringworm.

Terbinafine and naftitine are allylamines that keep squalene epoxidase form making 
ergosterol (early step). Squalene builds up and poisons the cell. This is good against the 
dermatophytes, and less good against candida. Naftitine is topical, while terbinafine is oral 
or topical. (double check that last sentence) Terbinafine is good against onychomycosis 
(nail fungal problems), and it's less common that you'll get a relapse of the fungus if you 
take terbinafide. You might also help the pt prevent relapses that by sterilizing their shoes 
or something.

There are usually several choices when you're matching fungus to a drug. Here are some 
specific ones (I've made FCARDs, too).
Coccidioidomycosis or valley fever goes with fluconazole 3-6 months, in severe: amp B
Histoplasmosis, for severe cases give itraconazole for up to a year 
Spirotrichosis goes with itraconazole for 3-6 months, severe is amp B
If subcutaneous infection, do consider debriding and sterilizing tissue.
Aspergillosis goes with voriconazole (aspergillosis comes from moldy leaves and gives 
respiratory allergies)
Blastomycosis goes with itraconazole, and in severe cases amphotericin B.
Candidiasis in oral thrush give amp B or nystatin
In invasive Candidiasis give fluconazole or caspofungin (sever give amp B)
Genital candidiasis use an oral antifungal like a conazole or a suppository.

Antifungal drug list goes here 

Antivirals 

With antivirals, you're almost never talking about virocidal drugs—it's almost always 
virostatic with the hopes that the immune system will do the rest of the work. It's a lot 
harder to make viruses go away. If bacteria are like Lord of the Rings style warfare, viruses
are like guerrilla warfare where they hide up in the mountains and then come down and 
get you and then go hide again. Classically antivirals haven't been very useful, and it's only
now that we're getting better at making them. Since some viruses mix their DNA in with our



host cell DNA, curing the patient would mean going through the strand of DNA and cutting 
out the virus DNA, and we don't know how to do that yet! We're talking about finding ways 
to recognize and kill infected cells, but we're not there yet. 

Another problem with treating a lot of flu and other fast viruses is that by the time the 
person gets the symptoms for the flu, most of their cells have been infected, and they've 
only got 24 hours to get the drug in order for it to be useful. Drugs that prevent new cells 
from being infected will do nothing after that points. A lot of cyclic infections with irregular 
outbreaks have the same problem, like Herpes, where by the time you have the sore 
everything is infected, so what you gonna do, right? Slower viruses like HBV, HCV, and 
HIV may take years before disease shows, and of course that's also a problem. You might 
not see HIV symptoms for ten years! 

So most antivirals right now try to block the virus from making new DNA by inhibiting viral 
DNA synthesis. These are almost always nucleoside analogs, so the virus enzyme will 
accidentally take them up thinking it's a nucleoside, and then get stuck. They're basically 
nucleosides with stupid sugars in them that can't make phosphate backbones. These 
might cause anemias and GI toxicity because like anti-cancer drugs, they're not one 
hundred percent selective, and since they're very good at penetrating inside cells, they 
might have some CNS side effects since they're also good at crossing the BBB. These are
generally prodrugs that need to be phosphorylated first. 

Acyclovir is a good example of a nucleoside analog. It's one of the first good ones, one of
the first ones you can give systemically. It's called acyclovir because it has an acyclic 
sugar instead of a ribose. The nucleotide is guanisine. Your virus's enzymes activate it by 
phosphorylating it. Some viruses don't have the enzyme that activates it. 

AZT was the first HIV infection drug. Instead of the oxygen group you should have on the 
sugar, you have an azo group. DdC has di-deoxy there instead of an oxygen. It used to be 
used for HIV, too. You might also use ddI, ddC, d4T, 3TC, ABC, and adefovir, and 
Foscarnet for HIV or herpes.

Vidarabine (Vira-A) fights herpes viruses and varicella-zoster virus by having an 
adenosine with arabinose sugar instead of a deoxyribose. Its CNS side effects include 
encephalophathy with headaches and dizziness and stuff, and of course it has the anemia,
agranulocytosis threat, and GI toxicity possibilities. 

Trifluridine (Viroptic) is a nucleoside of pyrimidine with flourine that's too toxic to use 
systemically. You use it topically for eye infections against herpes simplex keratitis. Its 
ancestor is idoxuridine. These are the older, original ones that were around before nicer 
acyclovir came around.

Ganciclovere (Cytovene) is guanosine with a cyclic branched chain. It gets incorporated 
into the viral DNA and selectively taken up by EBV and CMV infected cells. It's good 
against VZV, CMV, and herpes, and it's usually reserved for immunocompromised pts with 
life-threatening or sight-threatening CMV infections. Most of us carry CMV, which sucks 
because it means we can't donate blood to immunocompromised people with CMV 
infections (like newborns). You give this through the vitreous humor in the back of your eye
because it's so toxic, that you want to put it somewhere where it'll only get out slowly, and 
where you can control the drug dosing so you don't get terrible side effects like seizures 
and hallucinations.



Ribavirin is a guanosine analog which is slightly different than the others: it inhibits viral 
RNA polymerase and mRNAs. It's a very R drug. You can use it against respiratory 
syncytial virus (Lassa fever) and HCV. Yay for inhibiting RNA! It can cause elevated 
bilirubin in us, and that's bad.

Interferons are the natural antiviral substance your body makes. There are twenty-four 
kinds. They keep viruses from uncoating, assembling, and doing protein synthesis—
basically lots and lots of possible mechanisms of action. These have a short half-life, so 
you have to give them parenterally. Pegylated interferons are interferons plus attached 
molecules that keep them from getting turned over so quickly, so you get a longer 
presence in the body. These are not as great alone, but in combinations they help against 
hep B and hep C and against genital warts.

So treating hep C you combine interferons with ribavirin, and you get a 40 percent cure 
rate. Now we've got protease inhibitors for hep C, like boceprevir and telaprevir, which 
keep the viral protease from making important cuts in its proteins. Telaprevir is on our list 
of drugs to know, but it was just taken off the market this month. Telaprevir had a good 
cure rate, but it was just so expensive compared to boceprevir which works as good and 
was cheaper. Sofosbuvir has a 90 percent cure rate that takes twelve weeks and $80,000 
to work. It inhibits viral RNA polymerase and works for types I, 3 and 4, with a 50 percent 
cure rate against 2.

A few antivirals inhibit viruses from penetrating into your cells.

Most virus drugs have vir in their name. The ones that don't have idine in their name.

Anti-flu and anti-cold anti-virus drugs include amantadine and rimantadine. Their cage-like 
structure kind of messes wit hthe protein coat coming off the virus, so basically the virus 
can't really do anything in the cell. Rimantadine hads the longer half-life, and only works 
against the influenzae A virus, and nothing else. Rimantadine is basically the same as 
amantadine except for that half-life. You can give these as prophylaxis or early in the 
infection—they're only useful in the first 48 hours. They're teratogenic, and might cause 
ataia and confusion and other CNS stuff like dizziness, anxiety and insomnia. They were 
originally used in Parkinson's, and then someone realized that people in the nursing home 
were coming down with less flus!

Zanamivir (Relenza) is for both influenza A and B and swine flue. It inhibits 
neuraminidase, which is an enzyme that lets new viruses get out of the infected cell. This 
one is only an inhalant, and you have to give iti n the first two days of symptoms, and then 
instead of having seven days of flu you'll have five. So not that helpful. More helpful as 
prophylaxis. There's some resistance to all of these flu meds, but there's more to 
amantadine and stuff. Tamiflu or oseltamivir is pretty much the same as zanamivir, except 
it's more commonly given because you can give it orally, and that helps make swine flu 
shorter. Psychological side effects: hallucinations, delirium, psychosis. You might also get 
suicidal thoughts. 0_0 I think I'd rather take my last two days of flu, thanks.

Kids have about seven colds for year, young adults two, and older adults one a year. You 
get less and less over time because you've experienced all the viruses for all the colds. 
Rhinovirus causes 50 percent of your colds, usually during fall and spring. There are about
100 strains of that. There are also coronaviruses and adenoviruses that might cause it. But
guess what! No drugs for the common cold. Go to bed, drink water, take acetominophen. 
You can treat the phlegm with an expectorant, guaisenefin, which works about as well as 



a hot cup of tea or chicken soup. To suppress the cough you can use dextromethorphan 
or robitussin DM. This works and is generally safe, it just has serotonergic effects. If you 
want even more cough suppression you could use codeine, and if you wanted to numb 
your throat you could use menthol. For the congestion, you could use psuedophedrine, 
an alpha-one agonist that stimulates you. You can get rapid tachyphylaxis, which means 
you get resistance built up fast and you can get rebound congestion. The oral is more toxic
than the nasal spray. Antihistamines get added to OTCs, but Goodman and Gilman says 
they don't work at all—others say they dry your membranes with an anticholinergic effect 
which can help with the symptoms. The main thing they do is make you sleepy so you 
miss your cold.

So back to HIV and AIDS therapies. 

How do we measure AIDS? In Aids, with CD4 T cells above 500 you don't have symptoms,
but if you're below 200, or you get an opportunistic infection, then they say you have AIDS.
Over 30,000 viruses in your body per ml and you're likely to progress to AIDS. 

How do we fight HIV? We have seven Nucleoside analog reserve transcriptase inhibitors, 
4 nonnucleoside analogs that inhibit reverse transcriptase without being nucleosides, and 
10 protease inhibitors. We also have tenofovir, a nucelotide analog, enfurvitide, a fusion 
inhibitor, maraviroc, a CCR5 binding inhibitor so HIV can't get into the cell, and raltegravir, 
an integrase inhibitor. 

We already talked about the nucleoside analogs a bit. AZT, zidovudine (Retrovir) as we 
mentioned is a thymidine analog with an azido group. If we only had AZT by itself, it 
slowed down the virus for about six months and then the virus went back into normal 
progression via mutation. Side effects include anemia, GI disturbances, rashes, and 
muscular weakness. Dideoxyinosine, ddl, didanosine (Videx) are like AZT, but with 
more CNS toxicity and pancreatitis. Hivid is another one like them that's just less effective.
Tenofovir is useful because it has a different resistance profile, so you can hit the virus 
from different angles. 

Neviraphine, efavirenz, delavirdine, etravirine are the drugs that inhibit reverse 
transcriptase without being nucleoside analogs. When you give them in combination, 
resistance isn't as fast (it's in like two weeks if you give them alone). During delivery is 
when babies are usually infected, so you can use these singly to during pregnancy to 
prevent that. These give delusions and nightmares and stuff. If you look at a 3d picture, 
these are so little, like a grain of sand that's enough to throw off the whole reverse 
transcriptase enzyme.

The protease inhibitors were what changed AIDS from being a death sentence. They 
keep HIV from making its important protein assembly cuts when it's making its viral coat. 
So you get a bunch of incompetent, non-infectious viruses. These were designed by 
looking at the protease and trying to make something that fits its shape! That's pretty cool! 
Ritonavir (Norvir), indinavir (Crixivan), Saquinavir (Invirase), nelfinavir (Viracept), 
amprenavir (Agenerase), lopinvir (Kaletra), atazanavir (Reyetaz), and a few ohers. 
Indinavir causes numbness around your mouth, kidney stones in 5 percent of folks, and 
GI distrubanches. Ritonavir is a p450 inhibitor, which means it increases the half-life of 
other drugs. Saquinavir is only 3 percent bioavailable, so people had to take SOO MUCH 
in order for it to be active. This group also tends to cause lipid dystrophy (especially 
indinavir) which means the fat pockets in your body kind of move around.



Second generation protease inhibitors have better once a day dosing and such. (maybe 
list names from this slide)

T-20, or enfurvitide, keeps HIV from binding to the cell before entering, and it's usually 
used on top of other therapy. Its main side effect is pain at the site of injection. This and 
the other “miscellaneous ones” tend to be added on when things don't seem to be working.
Basically combination therapy delays resistance. 

So basically what you do is you take two nucleoside analogs and one protease inhibitor 
first. That's considered HAART therapy: highly active antiretroviral therapy. This has 
helped decline deaths by AIDS in the US by 75 percent, which is a lot. Average HIV 
infected pt is only going to live about 10 years less, compared to dying within two years of 
infection. 

There are some symptoms of AIDS that have nothing to do with opportunistic infections. 
Anorexia, vormiting, and weight loss. Dronabinol as an antiemetic/antianorexic agent, and 
it comes from THC from marijuana, and it's helpful. Anabolic steroids and exercise may 
inhibit muscle wasting.

For opportunistic infections. The most common in AIDS is pneumocystis carinii (jirovecki) 
fungus, which is pretty much what kills them by getting in their lungs. You used to treat it 
with pentamidine, which had a really bad toxicity to Beta cells of the pancreas. You gave it 
via inhalation to try to prevent that. You might give it prophylactically. You also give co-
trimoxazole to treat this, but unfortunately that gives rashes that are a problem in AIDS pts.
The newer drug we use is atovaquone (mepron) which doesn't have as severe side 
effects, and we don't know how it works. 

The second most common opportunistic infection in AIDS is mycobacterium avium, which 
is in 1/3 of AIDS pts, which you treat with isoniazid and you add a macrolide. Thrush, 
herpes, and CMV are other big opportunistic things. Karposi's sarcoma is actually caused 
by herpes virus 8. For any Candidiasis, you wash with amphotericin B.

Antiviral drug list goes here

Antiprotozoals

Since a lot of these little bugs have anaerobic metabolism, a lot of these drugs go after 
that kind of thing.

Malaria! About half the world lives where malaria is prevalent. The male and female little 
parasite make babies in the mosquito's intestine. Malaria spreads because the female 
mosquito injects her sporozites into you, and then they get into your liver and become 
merozoites. Some ofthose merozoites, in some species of malaria, lay dormant in 
hyponozoites. Those are sleeping. But other merozoietes lyse your liver cells and invade 
your RBCs. In your RBCs they live as trophozoites. These eat the inside of your RBCs and
then explode out. The ones that explode out are called schizonts. You target different parts
of the life cycle based on idfferent kinds of malaria. Malaria falciparum is the deadliest, and
it kills you in 48 hours, and is only schizontal. Malaria malariae ahs a 72 hour cycle, 
without a dormant state, and Vivax has a 48 hour cycle that will put some hypnozoites to 
sleep in your liver. That means the disease can them come back later, so you need some 
drugs, anti-shizonts, to kill the active schizont stage, and then you need some drugs to kill 
the hypnozoite stage. Primaquine is the only one that kills the hypnozoites. Quinine, 



mefloquine, and chloroquin, and some antibacterials like antifolates, tetracycline, and 
doxycycline, and norfloxacin are all antischizonts. You use antischizonts for prophylaxis 
too usually.

Chrloquin (araclen) and hydroxychlroquine (plaquenil) are the safest of these anti-malaria 
ones. It goes into RBCs, and the parasite takes it up into its lysosomes, and the drug 
raises the pH in the lysosome of the parasite. Now the lysosome doesn't work, and the 
parasite can't eat, and it will die. This is safe in pregnancy and small children.

Quinine is a version of the anti-arrhythmic quinidine, but that means it's got lots of extra 
side effects. It can cause arrhythmias and premature labor, and it weakly blocks your 
neuromusclar junction, and it can even make you release insulin which makes you have 
hypoglycemia. It's one of the cinchonic drugs (tinnitus, headache, eyesight  blurring, 
dizziness) in high doses. In folks with G6P deficiency it can cause hemolysis because the 
enzyme activates it weird.

Mefloquine (Lariam), like quinine and chloroquine change the lysosomes of the parasite. 
It's got a 30 day halflife, is safe in folks with G6PD, but isn't good for acute outbreaks. It's 
teratogenic and it's for prophylaxis.

Primaquine isn't anti-schizontal at all, so you would use an anti-schizontal with it also. It is, 
again, the one that's good against the sleeping malaria.

Artemether binds to heme and makes a radical species in the parasite's vacuole, killing it. 
Lumefantrine is another one whose mechanism of action we don't know. Atovaquone with 
a tetracycline is a common choice used to prevent resistance.

Montezuma's Revenge or amoebic dysentery is caused by the organism entamoeba 
histolytica. It can infect your GI tract, where it eats your flora, or it can go through the wall 
and become systemic. Some folks are asymptomatic. So you give prophylaxic with a mild 
drug, amoebicides that work in the GI lumen (luminal amebicides) like diloxanaide, 
iodoquinol (Yodoxin), or paromomycin (Humantin). The last one works by starving the 
bacteria by killing some of your own flora! Once they infect your lumen wall, you would use
metronidazole (flagyl) which is useful systemically and against bugs IN the walls. 

Metronidazole in addition to being useful against amoebas in your walls and systemically, 
is good for trichomoniasis, giardiasis, balantidiasis, gardnerella vaginallis, and anaerobic 
infections like C diff and H. pylori. You might also give chloroquine for bugs in the walls.

Trichomoniasis is an STD that's completely curable with a single dose of metronidazole 
(Flagyl). 

Cryptosporidiosis causes diarrhea in AIDS patients. Nitazoxanide is the drug for this, which
also works for giardiasis by interfering with anaerobic metabolism. 

Toxoplasmosis is an intracellular protozoan that's benign, handled by the immune system. 
This is why you keep newborn infants away from cats. This can give them an ocular 
infection, and if the infection becomes systemic it can cause a fatal encephalitis. The 
treatment usually doesn't cure it. Atovaquone is what we use. Pyrimethamine-sulfadoxine 
is another option.

Leishmaniasis is a terrible bumpy-face disease that you get from female sandflies. You 



treat with sodium stibogluconate or miltefosine (miltex). You might get GI, fever, rash, 
hemolytic anemia, renal, and cardiac damage as side effects of these drugs. Military 
veterans from wars in the middle east may have this.

Trypanosomiasis comes from the rhodnius prolixus kissing bug, a kind of triatomid, which 
bites you and gives you Chagas disease. These diseases ultimately give you 
cardiomyopathy, megaesophagus, megacolon, and death. Nifurtimox cures about 80 to 90 
percent of these patients. The African form of trypanosomiasis is African sleeping sickness
which comes from tsetse flies. You use suramin, pentamidine, and melarosprol, which all 
have arsenic as part of them. You get a fever associated with dying parasites, and you 
have to worry about these crossing the blood brain barrier.

Anti-protozoal drug list goes here

Anti-helminths

So in general, worms are more similar to us than bacteria are, so it's hard to find drugs that
only kill the worm and don't make YOU sick, too. Systemic worm infections are hard to 
cure! And having a dead organism inside you isn't always a good thing. There are 
organisms that stick to the side of your veins—if you kill it, then it's a loose clot floating 
through your veins! It's better to have it clinging! So that's rough. Drugs are best against 
worms that only hurt your intestine. So a lot of these drugs paralyze the smooth muscles in
the worms so you can just flush the worm out of your intestine. Anti-wiggle! Or we attack 
the aerobic metabolism.

Roundworms include worms like pinworms, which cause enterobiasis, and whipworms. 
Hookworms and roundworms also exist. Threadworms cause GI infections.

Dracunculus is a blood worm that comes from cyclops fleas. There's no drug treatment for 
this—this is the one we mentioned that could become a clot in your veins—and you have 
to use “third world medicine.” When these organisms feel cold water, they break out to look
for a mate. So you basically put the pt's leg into cold water until the organism climbs out on
its own. Wow.

Trichinosis is the thing that invades your muscles and the reason you shouldn't eat raw 
pork or raw bear meat. 

Filariasis are a group of organisms. Loa loa is where you can see the thing swimming 
across your eye. Onchocerca is river blindness. Lymphatic filiarisis or elephantiasis is 
when your lymph nodes just BLOW UP so much.

For round, whip, pin, and hookworms you use mebendazole (Vermox) which keeps the 
parasite from making microtubules. It's not easy to take out of GI, so you use it IN GI only. 
In highger doses might give anemias.

Albendazole (Zental) is more absorbed, with some tapework efficacy.

Okay just look at these slides he's going too fast 

Pyrantel pamoate (Antiminth) attacks pin, hook, and roundworms by activating then 
paralyzing their muscles. It's only for GI.



Ivermectin (Mectizan) goes against rougn,d thread, filiarisis, onchocerciasis, and loa loa. It 

AAAAAAAH TOO DAMN FAST 

To fight asciarasis, enterobiasis, or hookworkd you 

Trematodes are liver-flukes, flatworms. They get into your liver, lung, intestines, or blood, 
causing respectively clonorchiasis or fascio 

fuck 

you treat trematodes with praziquantel (biltricide). You make calcium efflux from the 
organism to paralyze it, and that makes it easier for the immune system to attack it.

Cestodes are tapeworms that infect like 200 million people worldwide. Taenia solium is 
one. This is where they attach to the wall of your intestine and then each part of the chain 
can break off and become eggs. This can become a systemic infection. Praziquantel and 
niclosamide are good for intestinal disease, it SUCKS if these get to your brain or 
anywhere else like that. If they're in your GI you try to flush them out with laxative.

Echinococcosis 

Hymenolepsis nana is a small intestinal tapeworm you treat with pra....aaaaaaah

Roundworms common in the US/PR you treat with something that ends with bendazole.

Roundworms in other developing countries, use Ivermectin.

Flatworms, praziquantel

Tape worms, praziquantal or somethin-imide 

For head lice pediculicide 
for mites scabicide 

Permethrin keeps the sodium channels open in mites and lice. It's generally safe. You use 
it a s a shampoo against mitces and lice that paralyzes them. It is mildly irritating to the 
skin and you don't want it in your eyes. It kills cats.

Anti-helminth drugs list goes here 

CANCER DRUGS

“To thine own self be true,” Shakespeare. Ultimately, good science will prevail, and if you 
really really believe you've made a great scientific study, stick to your guns even if they 
crucify you in the establishment. Be crazy. Be true.

Hey, do you like studying cancer? It's pretty hot right now! Welp, you can check the cancer
genome atlas, online—public domain—to study a specific gene or mutation in a specific 
cancer. 



Ad done, let's talk cancer drugs. (No, they didn't pay me for that plug) We've got several 
main approaches we take with cancer drugs. You can destroy neoplastic cells, convert 
tumor cells to normal cells, keep neoplastic cells from dividing, block angiogenesis so the 
tumor cells starve, or prevent metastases. When we think therapy, then, we think surgery, 
radiotherapy, and chemotherapy, but newly we're considering endocrine, immuno, and 
biological therapy. 

We might also target the cancer cells' different energy metabolism. The average pH of a 
tumor is 5 inside—that's because they change energy metabolism to make themselves 
super-efficient and super-growing, and under hypoxia and low nutrient acidity they're prone
to even more mutations. More energy metabolism means more free radical damage 
means more mutations means, of course, more cancer. Can we target this different energy
metabolism to slow cancer growth down? 

We try, but we're not great at it. The average cancer cure rate under treatment is 50 
percent says Dr. Matta. And with chemotherapy only your average survival is about 30 
percent! It's when you add the other things like surgery and radiation that it's up to 50 
percent. So really, surgery and radiation are the best, but of course we use chemotherapy 
to try to target and stress the tumor cells as much as we possibly can.

Part of the effectiveness of chemo drugs depends on how the tumor is growing. Tumor 
cells are either proliferating—in the complete cell cycle—or resting in G0 able to re-enter 
the cycle, or terminally differentiated. Chemotherapy tries to hit those proliferating tumor 
cells. Fast growing tumors like Burkitt-Lymphoma can double in volume in one day, and 
chemo drugs work well against these, since most of the cells are in proliferation mode 
most of the time. In slow-growing tumors like lung adenocarcinomas the tumor may take 
80-90 days to double, so chemotherapy's not really going to knock down the tumor if most 
of the time the cells aren't in growth mode. The few cells that are in growth mode get out of
it quickly, and then go back to just chilling before they can get killed. Some chemo drugs, 
however, are cell cycle non-specific—even though they're still most effective against 
actively dividing cells, they're also effective in G0. 

The cell-cycle specific drugs are antimetabolites, bleomycin peptide antibiotics, vinca 
alkaloids, etoposides, and stuff like that. These are good for blood cancers and other fast-
growing cancers like them. The cell-cycle non-specific drugs include alkylating agents, 
antibiotics, cisplatin, and nitrosoureas. These are good for solid tumors, in addition to the 
fast cancers. We don't just use the non-specific ones all the time, though, because they're 
not as effective against the fast growing tumors. BTW, when the tumor has lots and lots of 
proliferating cells, it's called a high growth fraction tissue; when it's mostly cells in G0 we 
call them a low growth fraction.

The cell-cycle specific drugs target specific parts of the cell cycle. (NO ME DIGAS WOW 
you don't say!) The s-phase specific drugs include cytarabine, 6-mercaptopurine, 6-
thioguanine, methotrexate, and hydroxyurea; the G2 phase drugs include bleomycin; and 
the M phase include vinblastine, vincristine, and pacilitaxel. Etoposide attacks directly 
between S and G2. If you don't remember what these phases mean, go back to biochem 
pg. FIXAL.

The G0 phase drugs are your non-specific drugs, of course, again—alkylating agents, 
antitumor antibiocis, nitrosoureas, and cisplatin, all that stuff that attacks both G0 and 
outside of the cell cycle—but some drugs affect ONLY G0, like dacarbazine.



This is an awesome graph Dr. Matta gave us that tells you how chemotherapy works. This 
shows why you give therapeutic holidays so that the patient doesn't die along with the 
cancer, and it also shows why specific pathways of DNA repair work. You're attacking 
specific damaged areas so that normal cells can recover more easily than cancer cells, 
which each time recover less and less.

There's also a curve called the Gompertzian growth curve that shows how the growth 
fraction changes over time. In tumors, it will start out higher, but over time as the cells are 
fighting each other for resources in the same area, the tumor's growth fraction will go 
down. Growth rate rises, like with bacteria, until that point of over-population where it 
drops. 

Simon,	 C.	 et	 al.	 InnovAiT	 2008	 1:107-118;	 doi:10.1093/innovait/inn005



This is the Gompertzian growth curve from my class. That clinically detectable line? That's 
when the tumor is like the size of a grape. That's super-hard to detect. So what does this 
mean? It means by the time the solid tumor is clinically-detectable, it's already no longer in
very much fast growth, and you've already got the problem of most cells being in G0 as it 
grows slowly. That means by that time you might have to use a non-cell-cycle specific 
drug, which isn't going to be as effective, and is also going to hurt YOUR G0 cells. Yay. 
(not yay)

Another principle you should know about chemo drugs is the log-kill hypothesis. This 
tells you that chemo drugs kill a constant fraction of cells (in first order kinetics) rather than
a specific number of cells after each growth. This is another reason disseminated cancers 
respond better to chemo, while solid tumors respond better to surgery.

We talk about that fraction in turns of log kill. A log kill of 2 means a reduction of tumor 
cells from 10 to the eight to ten to the 6, and means you kill 99 percent of tumor cells. A log
kill of 3 means you reduced the tumor cell number from 10 to the 8 to 10 to the 5, and 
that's like 99.9 percent cell death, and so on. How do we increase this fractional cell 
killing? By adding more chemotherapy. This can help you also get into the sanctuary sites 
like lungs and CSF where cancer hides. There are different multi-drug treatment protocols 
for different cancers, with different acronyms: CHOP, for example, is cyclophosphamide, 
hydroxydaunorubicin, vincrisine, and prednisone all given together for non-Hodgkin's 
lymphoma.

You have to remember to tell your patient that some chemotherapy is palliative—you're 
just buying time from year to year to extend survival, but the patient will eventually die 



anyway. Neoadjuvant chemotherapy is what you give to shrink the primary tumor if it's too
big for surgery. Adjuvant therapy is right after surgery, so you can zap any cells that've 
spread outside the tumor, or that you might have left behind.

What cells of your body are most likely to get hurt by chemo? Bone marrow, hair follicles, 
and sperm forming cells. You can also get stomatitis and mucositis, since those cells are 
similar to your hair follicle things. You give some drugs to help with side effects: MESNA 
prevents hemorrhagic cystitis from cyclophosphamide, and dexrazoxone reduces your risk
of anthracycline-induced cardiomyopathy. That last one is a big deal, because while some 
side effects, like the hair stuff, is reversible, the heart, liver, kidney, neuro, oto, and other 
toxicity won't go away. And that sucks! Cisplatin is a big one that leaves you deaf. Also, 
some drugs can cause you to have other cancers later!

Put in note about drug resistance from the ppt, from slide 44 to 55 is the last section you 
gotta type up

end pharm 

Anti-Cancer Drugs 

Major classes are your drugs that inhibit DNA synthesis and integrity, like topoisomerase 
inhibitors, antimetabolites, and folate pathway inhibitors; your inhibitors of microtubule 
function like vinca alkaloids and taxanes; and your DNA damaging agents like alklylating 
agents, antitumor antibiotics, and platinum complexes. But there are many ways to classify
these.

Alkylating agents are your DNA damaging agents that work by putting alkyl groups into 
nucelophylic sites with covalent bonds, cell cycle non-specific cell poisons—these cause 
necrosis and are irritating and have to be given carefully by oncologic nurses. 
These include 

• Nitrogen mustards have a chlothespin structure, and they covalently cross-link 
guanines of DNA. The nitrogen mustards are what we use anti-cancer.
◦ cyclophosphamide was used as mustard gas, also used as immunosupressive 

agent, causes P-450 activation, its derivative is ifosfamide, the active drug 
alkylates nucleophilic groups on DNA bases by linking the N-7 position of 
guaninne, cyclophopshamide used for non-hodgkin's lympomba, reast cancer, 
ovarian cancer, and neuroblastoma. Side effects include myelosuppression, GIT 
toxicity, hemorrhagic cystitis (acroleine) and so on. bichloroethyl amines

◦ Melphalan is used to treat multiple myelopma, it's a nother nitrogen mustard 
alkylating agent. Also for ovarian cancer and retinoblastoma, also known as l-
pnehylalanine mustard or L-PAM. Side effects include nausea, vomiting, oral 
ulceration, bone marrow surppression, decreased WBCs, decreased platelet 
counts-->increased risk of bleeding bichloroethyl amines

◦ Mechlorethamine or mustargetn is a prodrug useful in treating Hodgekins and 
lymphoma, part of the MOPP regimen, it's IV only because it's super reactive 
and irritating. It can cause necrosis if it's extravasated. Extravasation is if it leaks
out of the IV out into your tissue. bichloroethyl amines

◦ Chlorambucil (Leukeren) is the slowest acting and least toxic agent of this 
nitrogen mustard group, it's the drug of choice for chronic leukemia 
bichloroethyl amines

◦ Ifosfamide is one of these
• Also nitrosurieas like carmustine (BCNU), lomustine (CCNU)...adverse effects are 



nasuea and vomiting, can cross BBB, bone marrow depression 4-6 weeks after 
dose

• Platinum derivatives work by being two chloride ions with two ammonium groups 
that then cause cross-linking in the DNA and causing DNA denaturing
◦ Cisplatin is cell-cycle independent and is very popular. Used for solid tumors like

non-small cell and small cell lung cancer, esophageal nad gastric cancer, head 
and neck cancers, genitoruinary cancers, testircular carcinoma, bladder, and 
ovary cancers. This is the most used drug for testicular cancers. This is toxic to 
anything in your body that doesn't like metal—so like nephrotoxic (prevent that 
via amifostine), ototoxic because acousticnerve damage, peripheral neuritis, 
sever nasuea and comiting, and of course significant bone marrow depression.

◦ Carboplatin like cisplatin, but with less GI toxicity.
• Busulfan is an alkyl sulfonate
• Dacarbazine is a triazene 
• Procarbazine is an alkylating agent we use in Hodgkin's disease when resistance 

develops to other drugs. It's nasty: it gives you nausea, vomiting, bone marrow 
depression, hemolytic anemia, and if you take it with alcohol it will give you a bad 
headache and a red face. (The drug disulfiram does the same thing with alcohol, we
use it to treat alcoholism) This is a pro-drug alkylating agent.

Antimetabolites are a way to trick your biochemical pathways. They're similar to 
endogenous compounds, so they antagonize normal metabolic pathways. They interfere 
with metabolic pathways in dividing cells, usually in DNA synthesis, so they're cycle 
sensitive or mitotically linked.

• Folic acid analogs methotrexate 
◦ Methotrexate is the most commonly used anticancer drug. It is cell cycle specific

and acts during S-phase, it is immunosuppresant and anti-infalmmatory and 
anti-neoplastic and used in psoriasis. this is very bad for your liver. Also used in 
rheumatoid arthritis. Doesn't cross BBB. Most of it is excreted unchanged in the 
urinee. It is a weak acid and it's easier to excrete at high urine PH so you need 
to keep your patient very hydrated or it'll hurt their kidney. Can cause folic acid 
deficiency, bone marrow suppression, mucosisits, if you give folinic acid 
Leukovorin the toxic effect of MTX is less on normal cells. This is leukovorin 
rescue. Higher dose of MTX, give more leukovorin.

• Purines like mercatpopurine and thioguanine
◦ Both of these are activated by hypoxanthine guanine phosphoribosyl transferase

HGPRT to toxic nucelotides that inhibit serveral enzymes involved in purine 
metabolism. Resistance is because cancer cells have decreased HGPRT and 
they increase alkaline phosphatse that inactivates these toxic nucleotides. 

◦ You might give allopurinol with 6 MP because cancer drugs they can cause 
hyperuricemia if you use allopurinol with 6 MP than the dose of 6 MP is reduced 
by more than 75 percent so you have to use more 6 MP then 

◦ 6 MP is metabolized in the liver by xanthine oxidase and those inactive 
metabolites are excreted in the urine. It's hepatotoxic, nausea, vomiting, bone 
marrow depressive

◦ Mercaptopurine is used mostly in treatment of childhood acute leukemia
◦ Thioguanine 6-TG is a guanine and adenine analog that inhibits both DNA and 

RNA synthesis. Similar indications, adverse effects, cross-resistance
• Pyrimidines like flourouracil and cytarabine

◦ Flourinated purmiidines like 5FU, these are just normal uracil with a flourine on 
it. It inhibits thymidylate synthetase, an enzyme responsible for making phtymine



in DNA. This has to be metabolically activated. It'sm ore active in proliferating 
cells and it inhibits DNA syntehsis because there's no thymine. This is nasty 
though because causes alopecia, hyperpigmentation, neurologci deficits, bone 
marrow depression, hand and foot syndroem, mucositis, blech blech 

• Capecitabine or Xeloda is a prodrug that's enzymatically converted to 5-flourouralicl
in the tumor where it inhibits DNA syntehsis it causes diarrhea nausea stomatitis, 
neutropenia, anemia, and thrombocytopenia, and hyperbilitrubinemaia, and EKG 
changes, myocardial infarction, hand-foot syndrome which is numbness tingling 
pain redness or blitstering of the plams of the hands and soles of the feet

• Gemcitabine (gemzar) is initially for pancreatic cancer but now it's for non-small cell 
lung cancer and bladder cancer. Its main toxicity is myelosuppression. Also 
nucleoside analog

• Cytarabine is cytosone arabinoside which inhibits DNA synthesis, it causes 
neurotoxicity and hand-foot syndrome, you could use it for herpes too

Plant alkaloids (two of these are inhibitors of microtubules)
• Vinblastine is a vinca alkaloid , also vinblastine, vincristine

◦ These block formation of mitotic spindle by prevening assembly of tubulin 
dimers into microtubules, acto nM phase of cancer cell cycle, resistane with tne 
you have efflux of drugs from the tumor cell

◦ These coss foot drop, ataxia, other things like that 
◦ Vinblastine is used in hodgkins disease lyphoma, carcinoma, breast, testicular 

tumors, it's toxic to bone marrow, suppression, anorexia, nausea, vomiting, 
diarrhea, alopecia used in aBVD protocols 

◦ Vincristine is used in MOPP against childhood leukemias, childhood tumors like 
wilm's tumor, neuroblastomas, hodgkin's diasesase, wilm's tumor is like 100 
percent curative with vincristine yay, toxicity is periphearl neuritis with 
parasthesia, muscle weakness, vincristine has marrow sparing effect, which 
doesn't mean it's great for your bone marrow but it's less worse than other stuff

• Topetecan is a camptothecin , also irinotecan 
◦ A camptothecin is a cytotoxic quinoline alkaloid that inhibits topopismoerase 1, it

was the first one, Captothecin, the others like topetecan, irinotecan, exatecan, 
and lurtotecan are all analogues of it.

◦ Remember if you kill topoisomerase you have thes tangle DNA complexes that 
will eventually have too much strain and get double-strand breaks!

• Etoposide is a podophyllotoxin , also teniposide 
◦ These act by inhibiting topopisomerase II. They're most active in the late S and 

early G2 phases. They're used in combinations for small cell carcinoma of the 
lung, prostate, and testicular carcinomas.

• Paclitaxel is a taxane , also docetaxel 
◦ These prevent microtibule disassembly into tubulin monomers. They cause 

peripheral neutropathy and toxicity. The tubulin molecules becaome too stable 
toso they stack and won't depolymeraize so you can't move from metaphase 
into anaphase. They're like the opposite of Vinblastine, which prevents 
assembly; these ones prevent disassembly. These patients feel numb in their 
feet and hands. These ome from the stem bark of the western yew. They make 
the cell cycle get stuck in G2 phase. 

estramustin is an anti-microtubule that's not a plant alkaloid.



Anticancer antibiotics include anthracyclines, like doxorubicin and daunorubicin, and 
bleomycin, and dactinomycin which is the same as actinomycin D, and also mitomycin.

• Doxorubicin and daunorubicime intercalate between base pairs and inhibito 
topoisomerase II and also generate free radicals by creating superoxide ion 
hydrogen perixoide when they interact with cytochrome P450 reductase. These 
block RNA and DNA syntehsis and cause strands to break, they're used in 
hdokiny's lmpyjoma as a complement to. Doxorubicin has cardiac toxicity because it
makes free radicals so it causes pericarditis, mycoaridits, arrhythmias, ECG 
changes, and eventually dilated cardiomyopathy and heart failure. You treat that 
with dexrazoxane which is an inhibitor of iron-mediated free-radical generation. 
They also cause bone marrow depressio nand total alopecia and stuff but the major
thin is dilated cardiomyopathy , remember that. These are cell-cycle-specific 

• Bleomycin (blenoxane) acts by binding to DNA which means you get single and 
double strand breaks after free radical formation and inhibition of DNA synthesis. it 
cause s accumulation of cells in G2, it's cell-cycle specific . This isn't used as much 
because it's got such a weird mechanism of action and it's got high toxicity. So what
happens is Dna-bleomycin Fe gets oxidized. I t becomes DNA bleomycin Fe3+. 
Then it makes superoxide and hydroxyl radicals. Then ther are strand breaks in 
your DNA. Used in the ABVD regimen for Hodgkin's lympohma, it's intravaitary 
therapy in ovarian and breast cancers, and it's super important that you know its 
prominent side effect, which is pulmonary fibrosis. That's caused by your free 
radicals. And because you breathe there, and the more you breathe the more you 
get oxygen, and the more oxygen the more the iron in that complex will rust. 

• Asparaginase causes asparagine to get deaminated into aspartic acid and 
ammonia. You use it in combination therapies to treat childhood acute lymphocytic 
leukemia. Some neoplastic cells need an external source of asparagine because 
they can't make enough themselves to make it. L-asparaginase breaks your blood 
asparagine, which means the tumors can't get any asparagine, and they need it for 
protein syntehsis, so now they die and starve. But your pancrease also needs 
asparagine. So you can get acute pancretitis from this. Normal cells can make their 
own asparagine because they've got lots of asparagine ysnthetase so they are okay
without as much. So this is kind of a cool drug because it targets tumors. And your 
pancreas.

Some cancers are hormonal, so you treat with hormonal agents
• Glucocorticoids (prednisone) are used in acute leukemias and lymphomas, an anti-

inflammatory effect, increased appetitie, produce euphoria, increase body weight, 
suppress hypersnsietivie reactions to gertain anticancer drugs, they're pretty nice 

• Sex hormone antagonists like antiestrogen drugs. Tamoxifen is an antiestrogen 
drug thatcompetes with estrogen ofr an intracellular receptor. It's used in receptor 
positive breat carcinoma (cuz not all cancers make receptors) and also in progestin 
resistant endometrial carcinoma. It causes hot flashes,vaginal bleeding, and venous
thrombosis. Tamoxifen specifically competes with the estradiol form of estrogen.

• Flutamide is another hormone antagonist, it's an androgen recpetor antagonist for 
prostatic carcinoma. It causes gynomastia and hot flashes, too. = (

• Aromatase inhibitors are used to lower recurrence chance of hormonal cancers. 
They inhibit creation of hormones. Breast cancer has a high recurrence chance. 
This is an adjuvant treatment. (Neo-adjuvant is before the surgery) 
Aminoglutethemide (cytadren) is one of these because it inhibits corticosteroid 
sytnetsis at the first step, converstion of choleserol to pregnenolone, and alos 
inhibits the aromatase enzyme that converts androstenedione to estrone. There are



also anastrazole, letrozole, and exemestane which are all aromatase inhibitors. You
use anastrazole and letrozole as the first line drug in postmenopausal women with 
metastatic breast cancer. Toxicity includes bone pain and peripheral edema.

• Leuprolide, gosarelin, and naferelin are gonadotropin releaseing hormones analogs 
which are helpful against prostatic carcinomas. They inhibit release of pituitary LH 
and FSH. They downregulate and desensitize Gn-RH receptors. Leuprolie midhgt 
cause gynecomastia, hematuria, impotence, and testicular atrophy. Goserelin is an 
injectable gonadotropin-rleeasting hormone superj-agonist that stops the production
of sex hormones like testosteron and estrogen it's also called Zoladex and you use 
it for hormone-senstivie prostate and breast and endometriosis and uterin fibroids 
and endometrial thinning.

• You can also treat prostate cancer by planting radioactive seeds in there that slowly 
leak out radiactivity. 0_0

Sometimes we use specific antibodies that target proteins only tumor cells have. This way
we hope for less side effects. These come from B lymphocytes we grew in mice or 
hamsters. Then we fuse those animal B lymphocytes with “immortal” B-lymphocyte tumor 
cells. Then we clone the hybrid cells, and each clone will give us the antibodies we want 
against a single antigen type. We use recombinant DNA to make the lymphocytes produce
“humanized” antibodies, instead of mice antibodies. Anyway, we have antibodies.

• Herceptin is an antibody used for breast cancer. It targets the mutated her2 gene. 
Its non-trade name is Trastuzumab. About 25 to 30 percent of patients with 
emtastatic breast cancer overexpress the transmembrane human epidermal growth 
factor receptor protein 2, which is HER2. Trastuzumab is a recombinant, DNA-
produced, humanized monoclonal antibody. It binds to HER2 sites by attacking the 
extracellular domain of HER2, and it keeps it from working.

• Erlotinib is sued for non-small cell lung cnacer and pancreatic cancer. It inhibits an 
epithelial growth factor tyrosine kinase. It can cause interstitial lung disease, 
anorexia, skin rashes, and diarrhea.

• Imatinib was one of the first antibodies to come out. It is used for chronic myeloid 
leukemia (CML). It keeps the protein product of the Bcr-Abl gene from acting as a 
tyrosine kinase. That's the Philadelphia chromosome gene that got translocated 
from chromosome 22 somewhere else during cell division. You can also use this for 
non-small-cell lung cancer, but it was specifically made for that Bcr-Abl protein 
product.

• Lapatinib is an oral drug for treating solid tumors like breast cancer. It's nice that it's 
oral! You can use it in combination for breast cancer. IT's a dual tyrosine kinase 
inhibitor that stops cancer cells from sending cellular signals that make more 
cancer. Basically it interrupts communication that would encourage cancer 
development.

• Dasatinib is another oral drug. It inhibits everal tyrosine kinases: the Bcr-Abl, Src, c-
kit, and PDGFR-. It's different from imatinib because it can bind to the active and 
inactive Abl kinase domain (imatinib can only bind to the active). That helps 
overcome imatinib resistance. This is good for CML and acute lymphoblastic 
leukemia.

• Sunitinib inhibits lots of tyrosine kinases that work in angiogenesis, invasion, and 
metastasis. This is good against renal cell cancer and GI stromal tumors (GIST). 
This can cause hypertension, skin rashes, fatigue, bleeding complications, and 
cardiac toxicity.

• Bortezomib is used to treat multiple myeloma. It inhibits proteasomes. That keeps 
pre-apoptotic factors from getting broken dwon by those proteosomes. That means 
now apoptosis can happen in cancer cells! Unfortunately bortezomib causes 



peripheral neuropathy in 30 percent of patients. You can also get myelosuppression
effects like neutropenia and thrombocytopenia.

• Sorafenib is used to treat primary kidney cancer (advanced renal cell carcinoma) 
and advanced primary liver cancer (hepatocellular carcinoma). This is less to treat, 
and more to increase survival time. This inhibits several tyrosine kinases, and like 
many other things that inhibit several tyrosine kinases, it can cause diarrhea and 
hypertension, as well as skin rashes and hand-foot-skin reactions. In this case a 
“complete responder” will not be a patient who is completely cured—they will be a 
patient who positively reacts to the medicine to extend their life expectancy.

• Vorinostat is a drug we use when Cutaneous T-cell Lymphoma gets worse or comes
back after treatment with other medicines. This drug inhibits histone de-acetylases 
(HDAC). That's the first anti-cancer drug that uses epigenetic modification! That's a 
big deal. This is a drug that does encounter resistance: there is more than one kind 
of HDAC, and the tumor will often switch to another HDAC if its HDAC is being 
blocked by vorinostat.

• Cetuximab is for colorectal cancer and head and neck cancers. This is also an 
antibody against epidermal growth factor receptors.

• Gefitinib is another epithelial growth factor tyrosine kinase inhibitor. This one is for 
treating non-small cell lung cancer. But it can also cause hypertension and diarrhea.

• Rituximab was the first monoclonal antibody to be used as a chemotherapeutic 
agent. It binds to the constant regions of CD20, a receptor that helps B-lymphyctes 
differentiate. CD20 is on more than 90 percent of B-cells in non-hodgkin's 
lymphoma, but other cells don't have it, so this has good specificity for B-cell non-
hodgkin's lymphoma!

We have a few other new miscellaneous drugs.

Parb inhibitors convert single strand breaks into double strand breaks so as mutated cells 
are building their DNA they cut their own DNA in half; they inhibit Parb which is a repair 
enzyme that works along DNA forks, and so now your single strand breaks become double
strand breaks and you have a collapsed fork
this is called lethal synthesis 

Hydroxyureas are urea-analogs that inhibit DNA syntehsis. They block 
deoxyribonucleotide synthesis. We think they do this by inhibiting ribonucleotide reductase
in the S phase. S-phase, right? That means it's cell cycle specific. We use these for chonic
myelogenous leukemia, and their major side effect is bone marrow suppression (which of 
course you want to use in leukemia).

Mitotane is like DDT. We use it for inoperable carcinomas of the adrenal cortex. LOOK AT 
SLIDE FOR MECHANISM OF ACTION

We don't just use pesticides to treat cancer. We also use arsenic. 0_0 Arsenic trioxide 
might cause remission in patients with acute promyelocytic leukemia. Your first line therapy
for APL is retinoic acid (below) and some toher drug LOOK ATSLIDE

Retinoic acid or tretinoin can cause remission in patients with acute promyelocytic 
leukemia. APL breaks the gene of the nuclear receptor of the retinoic acid, and the nfuses 
it to a gene called PML. So now you make this weird receptor if you have APL. The 
awesome thing is that this receptor is sensitive to retinoic acid! So this is a quite specific 
drug for APL.



We can also use interferons in combination with chemotherapy and radiation. Interferon 
alpha 2a is good against hematologic malignancies, from Kaposi's sarcoma to hairy cell 
leukemia, all of it. Also patients with recurrent melanomas get recombinant IFN-alpha 2 b, 
although that's coming out of fashion now. Interferons can make you very very depressed.

Drugs to prevent/manage chemotherapy toxic effects

Ondansetron, a 5-Ht3 antagonist, helps with nausea and vomiting.

Filgrastim and sargromastim stimulate colonies of bone marrow to deal with bone marrow 
suppression.

Leucovorin helps with methotrexate toxicity (we mentioned that above).

MESNA helps with cyclophosphamide toxicity (also above).

Amifostine helps with cisplatin toxicity. It can't prevent the ototoxicity, but it can prevent the 
renal damage.

Dexaroxazone helps with anthracycline toxicity.

(maybe look up mechanisms of action in your cool app)

end pharm

Immunotherapy drugs and vaccines

Immune restoration drugs are the things that help you after leukopenias, like after you've 
had cancer chemotherapy. 70 percent of agranulocytosis cases come from drug treatment,
so most of these immune restoration drugs are drugs to fix drug problems.

What drugs might cause those leukopenia problems? Ticlopidine, the anti-clotting agent; 
clozapine, the anti-psychotic; propylthioruacil, for hyperthyroidism; and chloramphenicol, a 
broad-spectrum antibiotic. Ticlopidine can cause agranulocytosis in up to 2.4 percent of 
people, and while that may seem small, this is a seriously fatal complication, so you don't 
want two out of your hundred patients on this drug dying! With all these drugs you need to 
monitor leukopenia. Clozapine is kind of a weird one because it's an atypical anti-
psychotic, so it actually has less side effects than most of the other anti-psychotics, but 
then it's got this one scary bad side effect and that sucks. 

So one drug to give to stop the leukopenia is called Neupogen, G-CSF, or Filgrastim. 
Neupogen's the brand name. It's a granulocyte-colony stimulating factor that selectively 
gets your granulocytes working. It works too well, though, and since it works partly in your 
bone marrow it might cause bone pain. Also splenic rupture, since your spleen is getting 
too many white blood cells, and of course that could help you get a sickle cell crisis. You 
could also get allergic reactions like adult respiratory distress syndrome and other stuff 
from taking too much of this.

There's also a selectively monocyte-stimulating factor, but the granulocyte-colony 
stimulating factor is preferred. CHECK SLIDES FOR WHY FIXAL

Sometimes you give people erythropoietin. That's the hormone the kidney makes to 



stimulate red blood cells. Some sports athletes people will abuse epo, using it to help them
have more blood. This is the one Lance Armstrong was using. This can cause clotting, 
strokes, and MI because it thickens your blood.

Sometimes you give people recombinant human thrombopoietin, TPO, if they're low on 
their thrombocytes (thrombocytopenia). That means your platelet counts are low. This drug
doesn't work immediately—takes 1-2 weeks—and you can accidentally get antibodies to 
this and then have a chronic thrombocytopenia. Obviously if it works too well you'll have 
too much clotting.

There are also drugs to suppress your immune system, like to prevent transplant rejection.
There are some non-selective drugs like glucocorticoids, azathioprine, and so on that 
inhibit bone marrow production, and there are some selective drugs that don't. 

Glucocorticoids are the original non-selective drugs for immunosuppression. They turn on 
about 17 percent of all the effectible genes on the body, and so they've got lots of powerful
effects: anti-inflammatories, immunosuppression, and so many side effects.

Anti-proliferative agents promote anemia. They basically just stop the bone marrow from 
making too much blood, and therefore from making too many WBCs. Azathioprine is that 
old drug. It's sometimes used for emergencies or as a helper to the good drugs that we'd 
rather use.

The good drugs we'd rather use don't inhibit red blood cells from being produced, and a lot
of them work secondarily through interleukins. IL2, 3, 4, 6, 12, and 23 are good targets. 12 
and 23 activate T-cells and help natural killer cells to proliferate; 6 helps you make more B-
cells and neutrophils and helps them grow; and everyone else has other jobs.

Cyclosporine was a game-changing drug that came out in 1983. It stops Interleukin 2. It 
binds to cyclophylin, and that and cyclosporine together bind to calcineurin. That keeps 
calcineuron from dephosphorylating NFAT, which is the first step in making IL-2. This also 
keeps you from making IL-3 and interferon-gamma. This was the first drug to make 
transplants safer. It is nephrotoxic, neurotoxic, and hepatotoxic, and makes you have 
hyperlipidemia because of that. So that's not great. But yeah.

Calcineurin is a big target. Tacrolimus is a drug that binds to the FK-binding protein—which
then inhibits calcineurin. This also causes severe nephrotoxicity.

Sirolimus binds to the FK-binding protein, and then skips the calcineurin and specifically 
goes straight to block the IL-2 receptor. This can cause leukopenia, thrombocytopenia, and
hyperlipidemia, and also pneumonitis and hepatoxicity. It's not as nephrotoxic as the other 
choices, so it's not unusual in kidney transplant patients, but it's got more mean side 
effects for other things. It antagonizes tacrolimus because they've got the same FK-binding
protein target, but you could use it with cyclosporine.

Daclizumab and basiliximab are monoclonal antibodies that target the IL-2 receptor 
directly. You use them early on, and right before the transplant. They're never really used 
by themselves, so we don't know what their toxicities really are. 

Vaccinations are also very immuno-ish drugs. You need to know the required vaccines for 
kids, adolescents, and adults. Some drugs are killed vaccines, like diptheria, pertussis, 
tetanus, hep B, and polio. Some vaccines are conjugated, where the antigen is added to 



the vaccine to enhance recognition. That's like measles, mumps, rubella, varicella-zoster, 
and polio. Then you've got ones where in order to get your immune system to respond, 
your evil organism MUST reproduce. These are live, attenuated vaccines, like HIB, and 
PCV for strep. 

Required vaccines for young children include TDaP, IPV, MMR, and Varicella Zoster. Also 
HepB, Rotavirus, PCV for strep pneumo, HIB, and Influenza. (Rotavirus causes diarrhea) 
Little kids shouldn't take a live attenuated influenza vaccine. All of these happen before 
you're four. 

At age 12 people recommend TDaP and meningococcal virus, and that sexually active 
kids take HPV. HPV isn't necessary if you're going to be abstinent, or monogamous with a 
virgin or someone who's been monogamous with an uninfected person. Adults are often 
required to take Hep B and A.

Adult deaths from vaccine-preventable diseases have ranged in the 60,000 per year, while
mortality for unvaccinated kids are down to 300 per year. 

Drug List 

Anti-oxidants & Vitamins 

Folks who have problems with fat management will have problems with lipid-soluble 
vitamin management and other anti-oxidants. Toxic effects will be there longer in fat people
if the vitamins are lipid-soluble.

Extreme vegans might lack Vitamin B12. Liver has lots of B12 in it. Goat milk does not. 

Lipid-soluble vitamins include A, D, E, and K, and also Q10, Ubiquinol. That spells ADEK.

Vitamin A is given to acne patients topically. It is also good for your sight normally. Night-
blindness is the beginning of vitamin A deficiency. Retinoic acid helps in photosynthesis, 
too, if you're a plant, and is a protective agent against light-induced cell death in 
microorganisms. It's also anti-bacterial because it helps lysosomes work in your tears, 
saliva, and sweat and also helps natural killer cells work better, and both in its deficiency 
and excess it can cause abortions. Without it, your columnar epithelial and mucous cells 
change to keratin and could become carcinomic, so you'll see skin lesions, and you can 
get bone problems, too. The night blindness is the characteristic symptom, though. If the 
patient is super symptomatic you would straight up give her intramuscular injections in oil. 

You need 4,000-5,000 U of vitamin A per day, and above that will give you acute poisoning 
like drowsiness, irritability, sever headaches, dizziness, vomiting, and skin peeling. You 
can use vitamin A in Tretinoin as a medicine to fight promyelocytic leukemia by 
encouraging leukocytes to differentiate. You can also use it to treat psoriasis and some 
recurrent cancers of skin and breast. 

Vitamin D comes from plants, yeasts, and fungi. The sterol D3 version comes from 
animals, who make it in their skin after being exposed to sun. Dr. Velez told us that if your 
child never gets any sun because he's always bathed in sunblock, he can get vitamin D 
deficiency. Between the hours of 10 AM and 4 PM, he should wear sunblock, but early in 
the morning and in the evening are good times to get safe sun. Vitamin D regulates 
expression of almost 50 genes for cell proliferation and differentiation, energy metabolism, 



hormonal signaling, and mineral homeostasis. Its metabolite acts like a hormone that 
controls calcium. You can detect Vit D deficiency by measuring serum levels of 25 OH 
vitamin D. If you've got deficiency you get rickets and osteomalacia. Rickets is the kids' 
version. 

Someone who's had more than 50,000 IU of vitamin D a week will have hypercalcemia, 
nausea, diarrhea, and growth arrest, in kids. You can eventually get calcification of the soft
tissues. You cure this with prophylaxis, and you can use this to prevent osteoporosis. 
50,000 IU/week is 1.25 to 2.50 mg of Vitamin D.

Vitamin E is for skin and teeth. Your normally take 10-30 mg a day if you're healthy. 
Vitamin E is all the tocols and tocotirenols that you use as antioxidants. It's actually the 
most important lipid-soluble antioxidant in your blood. It helps work with antioxidant 
enzymes like superoxide dismutase, catalase, and glutathione peroxides. Vitamin E is why
we don't smell like spoiled rotten fat—it keeps our fat from oxidizing.

Vitamin E also helps keep lipofuscin from appearing, which as you know appears more in 
age. It pushes down thromboxane and prostaglandin synthesis, and keeps your vitamin A 
from being metabolized in the liver.

Without Vitamin E, you have more cardiovascular and hematopoetic problems. Hemolysis,
anemia, neural degeneration, and weird lung development in neonates are all major 
symptoms you'll notice. Atherosclerossis and cancer are of course related to vitamin E if 
it's so majorly anti-oxidant. 

Vitamin K1 is called phytonadione, and comes from plants. K2 is called menaquione, and 
it's made in Gram negative bacteria. K3 is called menadione, and you can google where it 
comes from. K is a cofactor that helps with blood clotting. It's also anti-inflammatory, and 
helpful against rheumatoid arthritis. It stops the rise in intracellular Ca++ that stimulates 
leukocyte function. 

There is a rat poison that you give to rats that causes them to hemorrhage because it 
inhibits Vitamin K. It's slow. If your baby eats rat poison you can give them lots and lots of 
Vitamin K to counteract it. It could take a week or so for the rat poison to take effect. 
Newborns need lots of vitamin K, especially premees who don't have the intestinal bacteria
that synthesizes it, and breast-milk doesn't have lots of vitamin K. If you have problems 
with fat absorption, or you don't intake enough fat, you may have Vitamin K deficiency as a
result. K1 and K2, there's controversy about whether or not they're toxic in large doses, but
K3 will make your skin rash and stuff.

Those were all the lipid-soluble vitamins. 

Vitamin C is also called ascorbic acid. It's a protective agent with enzyme reactions, and if 
you eat enough peppers and citric fruits you should be good. We eat it either as L-ascorbic
acid or dehydroascorbic acid. It helps reduce ferrous iron to ferric iron. You need vitamin C
for collagen formation. High doses can cause lowering of hyperlipidemia and protection 
from heavy metal toxicity from cadmium, vanadium, nicker, and lead. At large doses there 
are effects on your immunological function, helping upregulate it, and it may also reduce 
nitrosamine production in your stomach. That's at like 1g/day. Because of the 
hyperlipidemia function a lot of mountain people will put lemons and stuff on their fatty 
food.



Lack of nicotinic acid or niacin causes pellagra, the 3 ds: dermatitis, dementia, and 
diarrhea. 2-6 g/day, which is a lot, can cause flushing, pruritis, and GI distress. 

Vitamin B12 deficiency causes pernicious anemia and demyelination of nerve fibers in the 
posterior column of the spinal cord that leads to numbness and tingling in your extremities 
and ataxia and poor muscularture coordination and bilateral vision failure and mental 
changes. This is for vegans or folks with stomach dysfunction.

Folic acid can reduce birth defects in pregnancy because it's super-important in th 
synthesis of purines and thymine required for cancer. In some cancers you use anti-folate 
to keep cancer from growing its new DNA. Alcoholics, dialysis patients, folks who are 
taking phenytoin, barbiturates, or anti-malarial drug, methotrexate, or oral contraceptives 
are likely to have lack of folic acid.

POISONS

Some management principles 

Four principles for management of acute poisoning: 
1. Find out what's wrong and stabilize them: history and physical exam, and ABCD: airway,
breathing, circulation, and dextrose
2. Give supportive care
3. Decontaminate them and end the exposure
4. Give a specific antidote and/or drug therapy to help them eliminate the poison.

For step one, look for things like OTC drugs, herbals, supplements, and vitamins, and look
for pill bottles, needles, beer cans, and suicide notes—ask the EMS what they saw then 
they went in. Call the pharmacy and see if they have any prescriptions there, and look at 
their past medical records if you have them. Family and friends can be a good resource for
this.

For the physical exam, undress the patient completely to look for violence, cyanosis, or 
injection sites for heroin overdoses. Some episodes of violence can look like poisoning. 
Pay attention to the eyes: pupil size, nystagmus, reactivity, dysconjugate gaze, and 
whether or not they're crying.

Empirical treatment for unresponsive patients: oxygen, naloxone, dextrose, and thiamine 
(don't give thiamine to kids).

For the supportive care, you can take a rectal temperature, take an accucheck to treat 
hypoglycemia, and give a coma cocktail. The coma cocktail is 100 mgIV of thiamine before
dextrose, 50 g of dextrose push, and CHECK SLIDE FOR LAST PART OF COMA 
COCKTAIL

For seizures or confulsions give lorazepam and dilantin.

For agitation, give haldol, ativan, and geodon. If you've got a manic patient, during his 
manic episodes he might take haldol. We might also use it for a panicky patient in the ER.

Nalaxone is the antidote to heroin.

DUMBELs: cholinergic toxidrome is diarrhea, urination, mieosis, bradycardia, 



bronchospasm, aaaaaaaaaah 

Anticholinergic syndrome is red as a beet, hot as a hare, dry as a bone...
hmm

You use oro-gastric lavage when the amount of poison ingested is potentially life-
threatening.

Whole Bowel Irrigation you use polyelectrolyte lavage solution for poisoning by modified 
release dosage forms, that's when ti's going to take a while 
This is good for conscience patience 
Used if the activated charcoal won't stick, that's like iron, lithium, Pb, and Zn, or sustained 
release/enteric coated peparations, and rising drug level over time

Some toxicology definitions 

Toxicologists define types of intoxication by time: acute is sudden and severe overdose in 
less than 24 hours, usually a single dose; subacute is when you've had repeated exposure
over one month or less; chronic is when you've got repeated exposure over a long time 
period more than three months, and delayed is when signs of toxicity appear after the 
exposure's stopped, and it was low-level and long-term exposure. This is the hardest one 
to diagnose, and it's supper-common!

The LD50 is the median lethal dose: the dose that kills half of a population of test animals. 
Usually measured in mg/kg unless it's an air pollutant, where you use parts per million.

LC50 is the median lethal concentration: the concentration of a chemical that kills 50 
percent of animals, the mg/L. You can put this in ppm too.

LD50 is more what you use for live animals, when you're dosing up your subjects. If there's
a big toxic spill in a town, you use the LC50 because you're worrying about how much is in
the ecosystem.

For both of these you have to specify the time frame.

You also classify these things by what organ they hurt.

Hair analysis, says Dr. Matta, does not correspond to levels of contaminant in the blood. 
We have a lot of contaminants in the air that contaminate our hair.

All things are poisonous; only the dose makes it non-poisonous. --Paracelsus, 1564

Some poisons 

Aspirin has an LD50 of 250 mg/kg.
Cyanide's LD5- is 10 mg/kg.
Nicotine's is more powerful, at 1 mg/kg.
Vitamin A's toxic dose is 50,000 units/day.
Oxygen can poison you with free radicals if your air is more than 80 percent oxygen.

Chelaters help us mitigate heavy metal poisons by forming stable covalent-coordinate 
bonds with cationic metal atoms. That helps us excrete them without getting hurt. Erethism



is when you have insomnia, memory loss, excitability, and delirium from mercury 
poisoning. PICA can poison you if you eat lead-based paint fragments. Plumbism is the 
lead poisoning symptoms.

Some chelating agents
Dimercaprol was developed during WW2 as an antagonist to arsenical war gases. It 
chelates aresenic, removes inorganic mercury from your kidneys, and is pretty helpful. 
USFDA approved DMSA for kids with more than 45 ug/dl in their blood. This is colorless, 
and it is oily and smells like rotton eggs. You use it in peanut oil in 10 percent solution. It is 
a good chelating agent, but it's unstable and oxidizes quickly.

EDTA isn't specific for metals we hate—it might also take calcium and sodium out of your 
blood. So you give Ca and Na with EDTA to replace that. EDTA is porentially nephrotoxic.

Commonly-used chelating agents for lead: DMSA, BAL, and calsium disodium EDTA 

Mercury poisoning yay 

The kidney is the primary target for most forms of mercury. You excrete mercury from your 
kidneys and colon, but it's got a really long half-life of like 60 to 70 days! You can get 
murcery poison if you drop a thermometer and the liquid at room temperature becomes 
something you bhreathe; that makes necrotizing bhconritis, pneumonitis, and death. Over 
time, it hits your CNS, first with forgetfulness, and then later erytheism, where you're 
emotionaliy labile and you can't concentrate and your eys aren't reading right and you're 
scared of everything and your palms are red. Then eventually you start salivating and 
having lots of sweating and renal toxicity. Edgar Allen Poe writes things that are related to 
erethism, and might have had this; mad hatter's disease comes from mercury poisoning 
that hat-makers got from using mercury to make hats.

Chelating agents like DMSA might help you eliminate inorganic mercury. Dimercaprol 
might increase mercury concentration in your brain.

Arsenic is more common in the environment, but we also see it in a lot of fossil fuels, semi-
conductor manufactoring, wood treaing, metallurgy, smelting, and glass manufacturing.

Strychnine poison acts like tetanus toxin. (except it doesn't act presynaptically) It blocks 
the uptake of glycine. Strychnine is used as a pesticide against rats
Strychnine goes with hyperactivity of stimuli 
you might see creatine kinase and myoglobin release because rhabdomyolysis

glycine receptors are ion channel chloride channel receptors 

lead poisoning ferritin is elevated because you can't synthesize heme so you accumulate 
iron in ferritin
chronic lead poisoning might not be seen in blood tests

parathion causes hypothermia

methanol and ethanol poisoning 
methanol converted by alcohol dehydrogenase to formaldehyde and formic acid
acidosis
methanol poisoning gives you blindness from formic acid, and also tachycardia and 



tachypnea
methanol excreted by respiratory tract, less than 5 percent by kidney

Iron poisoning

carbon monoxide poisoning pg. FIXAL of respiratory physiology
You get a headache, dizziness, weakness, nausea, malaise, and you have a few seconds 
to react to the confusion and lethargy before you fall asleep and don't wake up.
Stop exposure, give them oxygen because oxygen is 

Cyanide is a nice poison. It works quickly. artificial nails, glue remover (acetonitrite), laetril 
contains amygdalin, its metabolism reseales cyanide. You might meet cyanide after metal 
extraction, photography, lab analysis, and fumigation. 
Cyanide gas is one of the fastest poisons we know. It's colorless, and comes from burning 
plastic, wool, sil, 
Once cyanide is in your body it then inhibits lots of enzymes. The letah oral dose is about 
200 mg for an adult. The problem is it combines really really well with trivalent iron in your 
cytochrome, so cells can't use oxygen anymore. You get hypoxic convulsions and your 
death happens in minutes. If you don't take enough to kill you, it'll cause severe abdominal
pain with nausea and vomiting.
There's a fast antitode kit made by Taylor pharmaceuticals 
Amyl nitrate will trap CN and concert hemoglobin to methemglobin, which binds CN better 
than hemoglobin does so the cyanide comes of. Ionic cyanide and methemeblobin 
combine to yanmethemeglobin.
You can also give sodiu mthiosulfate for detox afterwards. Teh sulfur tells the liver 
rhodanese to make thiocyanate, which is less toxic and excreted in the urine. You can give
oxygen, but it's not helpful by itself. 

Pesticides
Number one product in the US is still agriculture. So lots of pesticides!
Chlorinated hydrocarbon pesticides are really lipid soluble. They're used against ants, 
mosquitos, and for agricultural pests. Lindane is an example of this. A lot of the 
organochlorines aren't in use anymore: DDT, methoxychlor, aldrin, dieldrin, endrin, 
heptachlor, kepone, and chlordane. They're almost completely gone from the US and 
Europe. The major problem with them is CNS toxicity. They can make you scared, irritable,
confused, dizzy, trembly, tingly, seizure-y, and coma-y. You treat them with 
decontamination of skin with sopa and water, taking away your contaminated clothes, 
gastric lavage and activated charcoal in the first few hours, ABCD, and lidocaine for 
arrhythmias
Organophosphates and carbamates are more commonly used today. They inhibit 
carboxylic ester hydrolases like AChE and pseudocholinesterase. These are sometimes 
used as local or systemic antiparasitis for pets. They include stuff like diazinon, malathion, 
parathion, guthion, chlorpyrifus. They don't accumulate in fat, they're less likely to produce 
cancer, and they're less likely to hang around in the environment, so that's nice. But if you 
eat them, they kill you way faster than the chlorinated hydrocarbons do! Becaues they 
straight up inhibit AchE in nerve tissue, which means you've got crazy parasympathetic 
nervous system going nuts, ultimately resulting in your death. You have to use a blocker to
block the Ach receptors for this. What is a good way to block Ach receptors? Atropine! Or 
you can use 2-PAM, too, to break down the extra Ach.

Chlorophenoxy herbicides in general cause anorexia and dermatitis on contact. Herbicides
like chlorophenoxy herbicides include 2,4-D and Agent Orange. This was used to take out 



woods in Vietnam, and then the soldiers started getting sick. TCDD or dioxin is a chemical 
contaminat that gets made sometimes while you're making herbicides, and that's made it 
kind of hard to see if it's THAT or the herbicides that make people sick. There's been 
debate. Silvex is another herbicide that's a carcinogen and ofte ngets contaminated with 
TCDD.
Paraquat and diquat make lots of oxygen free radicals if they get into your lungs. That's 
fatal quickly once it's started. When you ingest it, you get GI toxicity first before you get 
that respiratory hemorrhagic pulmonary edema. NADPH-cytochrome C is the thing that 
reduces paraquat. The reduced paraquat then reduces O2 to the superoxide anion. The 
superoxide anion can then become O singlets. That attacks lots of polyunsaturated lipids 
and peroxidates them. There is SO MUCH free radical damage in paraquat poisoning that 
your SOD can't even do anything about it. Don't give more oxygen to treat this. Look at the
treatment slide.

Petroleum distillates cause bone marrow depression (benzene does) in general these 
cause CNS depression and damage 
Here activated charcoal doesn't do anything—this stuff doesn't bind to it. Remember 
activated charcoal also isn't good for lithium and iron. You do gastric lavage only if you've 
got a cuffed endotracheal tube. 

Ciguatera fish poisoning is a local 
There are over 400 species of tropical fish with ciguatoxins, maitoxins, playtoxins which 
either attack the sodium voltage-gated channel or the calcium channel. There are like a 
hundred symptoms, in the Caribbean you usually expect GI symptoms and then 
neurological symtpoms. You get a reversal of temp sensation, that's interesting. Sama, 
Capitan/Hogfish, Jack, Barracuda, etc. In Puerto Rico there's a list of fish that you're not 
allowed to sell these. In Hawaii you get the neuro symptoms first, and then the GI 
symptoms. You treat this with Iv infusion of 2 percent mannitol. This doesn't work after 24 
hours of initial poisoning. Dr. Matta calls this fish roulette—there are so many types of 
poisons and fish. Some people will stay stick all their lies and never be able to eat a fish 
again, and some people will die (2 percent mortality). The poisons come from an algae. So
fishes like Mahi-Mahi and Tuna and Swordfish are safer. Those fish don't live near light 
areas. Deep water fishes are safer, cold-water fishes are safer. Light, warm areas where 
the algae grow are where the dangerous fish come from. Sierra is the number one fish 
people get poisoned with here says Dr. Matta. The poisoning is much worse if you take 
alcohol. A lot of people have a poison relapse after drinking alcohol again, because the 
alcohol takes the poison out of the liver into circulation. Wow!

Review

end pharm





Chapter 13: Introduction to Clinical Skills

For this section, we use, for references, actual doctors, and the book by Barbara Bates, 
Guide to Physical Examination and History Taking, 11th Edition, and the accompanying 
Barbara Bates Videos. My goal is to give you quicker notes you can look over: a general 
outline for the exam, some quick technique tips from experienced doctors, and a quick 
match for what finding could mean what (complete with flashcards!).

But first, let's get a quick introduction into how to organize your physical exam. I really got 
screwed over doing the neurological exam last year because I hadn't really committed to 
an organization style, and that made me forget portions. Bates says that when you're 
developing a physical exam, your sequence needs to keep to a minimum the number of 
times you ask the patient to change positions. Bates puts the physical exam in several 
phases:

• General Survey<<PT sitting
• Vital Signs
• Skin
• HEENT
• Neck
• Back
• Posterior Thorax and Lungs
• Breasts <<PT still sitting
• Anterior Thorax and Lungs <<PT supine
• Abdomen
• Lower extremities <<Then have the patient stand to check peripheral vascular 

system, musculoskeletal/spine alignment, genitalia and hernias in men, 
nervous system and gait and Romberg test 

• Nervous system<<PT sits down again, go through mental status, cranial nerves, 
motor system, sensory system, reflexes

• End with rectal exam in men (lying on his left side) or genital and rectal exam in 
women (supine in lithotomy position)

General Appearance and Vital Signs: Outline

General appearance
Wash hands before exam
Look at weight (looking for obesity, malnutrition) (Take BMI)

BMI is weight in kg/height squared in meters
BMI is also (weight in pounds times 4.88) divided by (feet squared)
BMI is also (weight in pounds time 703) divided by (inches squared)

Look for identifying factors: sex, race, body build, deformities 
Look for acute/temporary conditions: skin color and lesions, dress, grooming, hygiene, 
facial expression, odors, posture and gait, level of consciousness
Look for signs of distress: cardiac/respiratory difficulty, pain, anxiety, depression, fatigue, 
weakness, or chills, and sweats
That's IAS.

Vital signs
Take pulse
Take blood pressure
Check respiratory rate
May check temperature



General Appearance and Vital Signs: Technique Tips

Tips for helping your patient lose weight

It's tough to tell a patient to lose weight—only 42 percent of obese US adults report that 
that health care professionals have had the guts to tell them to drop the poundage—but 
dropping weight just by 5 to 10 percent can improve your patient's lipid levels and 
decrease diabetes risk. Learn to gently tell a patient the good things they can achieve by 
dropping a little, focusing on the positive--”you can decrease risk for this, this, and this”--
instead of on the negative--”if you keep being fat, you will die.” Pay attention to the 
patient's individual diet and individual personality, of course, so that you can adapt your 
style and recommendations to each person.

If you're too lazy to calculate BMI, a general rule is that over 35 cm around the waist is 
abnormal for a female, and 40 is abnormal for a male, but that's going to change based on
height, obviously.

Try recommending a 10 percent weight reduction over six months, and don't tell them to 
try anything too drastic because that's hard to maintain and lowers their quality of life. A 
weight loss goal of ½ to 1 pound per week leads to better results at one year than very 
rapid weight loss.

Try recalling with the patient what she's eaten in the last 24 hours, and compare that diet 
to the recommendations. You might not have to say much—she may know what she 
should and shouldn't be eating as she gives you this recall.

Recommend moderate physical activity for 30 minutes a day—like walking 3 to 4 miles in 
an hour, or parking farther away and taking stairs instead of elevators.

Recommend a daily sodium allowance less than 2400 mg, or one teaspoon, per day.

What you observe about the patient's body and health is often more accurate than BMI, 
which was created as more of a population evaluation measurement than an individual 
marker anyway. Someone with a ton of muscle mass may end up with the same BMI as 
someone who's obese. So use common sense and don't just obey the numbers.

Use the BMI charts for kids. A BMI above the 95 percentile is usually quite overweight. 

Pulse tips

Take the radial pulse, using the pads of your index and middle fingers.
Heart-rate and pulse should be symmetric in both sides. 
You know how you can take the pulse for 15 seconds and multiply it by four, or for 30 
seconds and multiply by 2? That only works if the pulse is regular, or irregular with a 
regular pattern (so two beats normal, and then one strange one).
Take carotid pulse, below thyroid cartilage.

BP tips 

A cuff that is too small for the patient will give you a false high, and a cuff that is too large 
for a small patient will give you a false low. Think about it as the pressure goes up when 



their arm is more squished. You want a bladder that should be 80 percent of the arm 
circumference, and a width of about 40 percent of the arm circumference. It's harder for 
your cuff to be too big than too small.

If the brachial artery is sitting above the heart level, BP will be lower; if it's below the heart 
level, BP will be higher. Try to keep it at the same level as the heart by putting their arm on
a table.

Center the bladder of the cuff over the brachial artery, which you can find by palpation. The
lower edge of the cuff should sit about 2.5 cm (like from the knuckle on your thumb to your 
thumb-tip, or two fingers' width) above the antecubital crease (your elbow crease).

Clothes between the cuff and the arm is bad. It gives you a too-high BP.

Take a palpated blood pressure first: you keep your finger on the radial pulse and pump 
the cuff up until that pulse goes away. Then you know more or less where systolic blood 
pressure should be, and you can inflate the cuff about 30 mmHg above that when you take
the pressure with your stethoscope. As you deflate the cuff slowly, the first sounds you 
hear are systolic, and when the sounds stop you're at diastolic. Deflate your cuff at a slow 
rate, like 2 mmHg per heart-beat or 1 mmHg per second.

An auscultatory gap happens in very old patients, or patients with arthrosclerosis, who 
have stiffer blood vessels. It's when you hear a false silence, a false “ending” of the 
Korotkoff sounds, between 170 and 130 mmHg. But if you keep going, keep letting air out 
of the cuff, you'll hear the sounds begin again, and then maybe around 80 or lower you'll 
get the real second blood pressure number (diastole). You might miss an auscultatory gap 
if you don't use the palpated way first.

If someone's blood pressure falls on the edge of two categories, place them in the higher 
category.

To measure orthostatic hypotension (hypotension based on posture) measure BP and 
heart after the patient has rested supine for ten minutes, and then within three minutes of 
standing up. If the change is more than 20 mm systolic, and 10 mm diastolic, there may 
also be other symptoms and tachycardia associated with hypotension.

Widened pulse pressure: when the systolic minus the diastolic pressure is more than 50 
percent of the systolic. 
Narrowed pulse pressure: when the systolic minus the diastolic pressure is less than 25 
percent of the systolic. <<FIXAL ask in small group what these mean

Respiratory Rate

Don't tell the patient you are looking for their respiratory rate (which should be 12-18 
breaths per minute). Don't just look for the numbers, but for how the patient's breathing—
grunting, pursed lips, so on and so forth—and watch quality of breathing in normal patients
so you know what “shallow” breathing actually means.

General Appearance and Vital Signs: What Means What

As you go through this list, “:” does not mean “means.” It means can mean. Remember 
that! But when you see a patient a whole bunch of things should start going through your 



mind. In other words, when you see these triggers, these are the things you should start 
ruling out.

General appearance flags

Recurrent shaking chills: more extreme swings in temperature, systemic bacteria.
Weakness localized in a neuroanatomical pattern: neuropathy or myopathy.
Night chills and night sweats: tuberculosis.
Visual inspection shows dermatitis, diarrhea, you find memory loss: Pellagra (vitamin 
deficiency that can lead to death)
Excess clothing can mean the pt's intolerant to cold because they've got hypothyroidism, 
or they're hiding needle marks or rashes, or it could just be what they like
Copper bracelets: Sometimes people wear them for arthritis
Long hair and fingernails or nail polish wear: Can help you guess how long the patient's 
been sick
Big, wide open staring eyes: Grave's thyroid disease
Very thin, stretched out person, with wingspan greater than height: Marfan's
Swollen body with recent stretch marks everywhere (not just on places of normal weight 
gain), buffalo hump: Cushing's
Acetone smell: PT with diabetes
You can pick out the temporal bone curves very clearly, and the patient has a BMI of 18.5 
or less: Malnutrition
A waist more than 40 inches, triglycerides above 150 <<FIXAL the slide about labs and 
what is metabolic syndrome...

BP 

• Diabetic patients should have arterial pressure lower than 130 diastolic.<<FIXAL 
check this

• BP and pulses are different in arms and legs: Might be coarctation of the aorta, 
which happens in Marfan's and sometimes in Turner's

• Diagnosis depends on past BP. 100/70 can mean hypotension for a hypertensive 
patient.

• Systolic BP less than 90 in Pts over 15: hypotensive.
• Hypotension (esp. orthostatic hypotension): dehydration.
• Systolic BP of 50 mmHg: Normal at birth 
• Systolic of 60 mmHg: Normal systolic BP at one month.
• Systolic of 95 mmHg: Normal BP at 1 year
• Systolic of 100 mmHg: Normal BP at 6 years.

Pulse

• Heart-rate of 50-100/minute: Normal
• Pulse smaller than 50/minute: Bradycardia
• Pulse above 100 beats/minute: Tachycardia
• For a child, pulse greater than 100 beats per minute: Normal in first few years of 

life, declines to adult by 10-14 years
• Regular slow heart-rate, or regular fast heart-rate: can also be normal. Look at the 

patient's other symptoms.
• Crazy irregularly irregular pulse: atrial fibrilation.
• Pulse goes down when pt exhales, up when pt inhales: Normal pulse rate variation 

(more obvious in kids)



• Pediatric heart rate <<FIXAL look at slide, in Bates look at Table 9-3 pg 377
• Really strong bounding pulses, with stronger pulse pressure: increased stroke 

volume as in fever, anemia, hyperthyroidism, aortic regurgitation, AV fistulas, OR 
decreased compliance, as in stiff aortic walls and atherosclerosis.

• Small and weak pulse: Can mean lack of volume (dehydration) or overly compliant 
walls (not enough resistance)

• Bisferiense Pulse: Increased pulse with double systolic peak because of aortic 
regurgitation, or combined aortic stenosis and regurgitation

Respiratory

Resting rate not greater than 19/minute (like 12-18): Normal adult.
Resting rate above 20/minute: Tachypnea
Resting rate below 10/minute: Bradypnea
Newborn respiratory rate between 30 and 80 per minute: Normal
In a baby, more than 60 per minute is bad for a 0-2 month old, and for <<FIXAL slide on 
respiratory rate babies
Early childhood resp. rate between 20 and 40 per minute: Normal
Late childhood resp. rate between 15 and 25 per minute: Normal
Slow breathing: could be coma, drugs, or increased intra-cranial pressure
Sighing respiration—that means normal breathing interrupted by frequent deep 
sighs: could be hyperventilation syndrome 
Rapid and shallow tachypnea breathing: could be pleuritic chest pain, restrictive lung 
disease, and elevated diaphragm
Cheyne Stoke breathing, which is periods of deep breathing alternating with no 
breathing, regularly irregular, almost sounds panicky to me, like pt is “catching up” 
on the breathing they missed during the no-breathing: Usually very bad caused by 
heart failure, uremia, drug overdose problems, or brain damage, but can be found 
sometimes in children and the elderly during really deep sleep
Obstructive breathing, where breathing out takes longer than breathing in: Narrowed
airways blocking airflow. Asthma, chronic bronchitis, COPD.
Biot's respiration, where the irregularity is so unpredictable, and the breathing 
stops and then starts and then is deep and then is shallow: Respiratory depression 
and brain damage at the medullary level. = (
Kussmaul breathing, where you've got fast, normal, or slow overly-deep breathing, 
like a hyperpnea or hyperventilation: K for ketones (diabetic ketoacidosis), U for uremia,
S for sepsis, S for salicylates, M for methanol, and A for aldehydes, and L for lactic 
acid/lactic acidosis. Other rapid deep breathing can mean anxiety or just exercise; if the 
patient's comatose they might have hypoglycemia or infarction hitting their pons.

Heart Sounds: Outline 

If you like cardiology, here's a really cool website you can play through! 
http://cardiophile.org/2011/07/cervical-venous-hum/ 

• Tell the patient to take off their shirt. Observe the thoracic cavity.
• Palpate the thoracic cavity in each area—aortic, mitral, pulmonary, etc—looking for 

pain and for strange vibrations (“thrills”).
• Auscultate in each area, listening for S1 and S2. You'll check five areas, APETM:

◦ A, aortic valve, is heard in the second right intercostal space, to the right of the 
sternal border

◦ P, the pulmonic valve area, is right across from it in the second left intercostal 



space, on the left sternal border
◦ E, Erb's point, is at the third left intercostal space, in the left sternal border
◦ T, the tricuspid valve, is in the fourth left intercostal space, in the left sternal 

border
◦ M, the mitral valve, is in the fifth intercostal space, in the left mid-clavicular line—

it's the only one not near the sternum, and it's kind of near the armpit. Basically if
you draw a vertical line down from your clavicle, that's where it is. This is where 
the tip of the heart is kind of, and it's like right under your left boob.

◦ Notice these make a Z across your body. That helps me remember it.
• If you hear something strange, then differentiate it from other strange things and 

isolate what it is by asking for breathing changes, for the patient to stand and sit, 
and so on and so forth. Some murmurs change when your patient stands or goes 
through the Valsava maneuver. (More details in technique tips below)

Heart: Technique Tips

The most common mistakes students make involve the positioning of the patient and the 
order of the heart exam, says Dra. Vargas. Remember, it's observe, then palpate—
because some of the heart sounds have certain vibrations associated—and then listen, 
first with the diaphragm and then with the bell. Positioning-wise, it's good to listen to the 
heart with the patient both sitting, and lying down. You may not have time for this in your 
practice: Dra. Vargas says a good physical exam can easily take an hour, because you run
an entire physical exam sitting, from head-to-toe, and then take additional parts lying 
down.

You grade heart murmurs on a six-point scale. 1: very faint. 2: quiet but heard immediately.
3: moderately loud. 4: loud with thrill (where you can touch it). 5: you can hear it with the 
stethoscope partly off the chest, and the thrill is really obvious. 6: you don't even need a 
stethoscope, and the thrill is even visible.

We describe murmurs based on certain qualities. Crescendo means it gets louder; 
decrescendo means it gets softer; crescendo-decrescendo means it gets louder first, then 
softer, so the waveform of the sound is diamond.

You can ask your patient to do different things to clarify different heart murmurs.
• Right-sided murmurs increase when you ask the patient to breathe because of 

increased venous return to the right heart.
• When you make your patient stand most murmurs diminish in intensity because 

you have less blood returning to the heart in the veins. Hypertrophic 
cardiomyopathy becomes louder, though, and the murmur of a mitral valve prolapse
(when your mitral valve doesn't close) lengthens and becomes more intense.

• Most murmurs become louder when you squat or passively raise your leg. But 
hypertrophic cardiomyopathy becomes softer. The mitral valve prolapse murmur 
shortens with squatting. When mitral regurgitation becomes worse, the murmur can
get louder because of increased afterload. 

• Most murmurs decrease in intensity during the Valsalva maneuver. Remember 
the Valsalva maneuver is when you ask them to close their mouths and pinch their 
nose shut and blow out like they're blowing up a balloon—what you do when you're 
clearing your ears and sinuses when you're on an airplane. You can also do it by 
coughing or breathing against a closed glottis, without forcing air into your ears. The
systolic murmur of hypertrophic cardiomyopathy becomes louder. The systolic 
murmur of mitral valve prolapse becomes louder and longer.



• Intensity of the murmur of aortic stenosis decreases in sustained hand grip, while 
in sustained hand grip the murmur of mitral regurgitation increases.

Practice makes perfect. You only know abnormal after you've heard lots and lots of normal.

Heart: What Sound Means What

Check out www.easyauscultation.com to practice listening to these heart sounds. I've 
made you some FCARDs where you can practice putting the sound with the thing, but it's 
good to read these words so you know kind of what you're looking for. I would listen to the 
FCARDs (based on the free University of Michigan downloadable heart sounds!) first, and 
then check out these notes, but it's up to you!

• Atrial systole: Means the heart is full of blood and the ventricles are relaxed. Both 
the atria are contracted and the blood is moving into the ventricles—70 percent of 
the blood is moving passively. No sound here.

• First normal heart sound, lub: Ventricular systole: The atria relax, and the 
ventricle walls contract, forcing the blood out. The atrio-ventricular valves (mitral 
and tricuspid) close. Blood goes into the aorta and pulmonary arteries.

• Second normal heart sound, dub: Diastole starts as the ventricles relax. The 
semilunar valves (aorta and pulmonary) close since pressure in the ventricles goes 
down and the arteries have high blood pressure, and that makes the second sound.
All the muscles are relaxed now. At the very end of the sound, blood from the vena 
cava and pulmonary veins goes into the atria.

• A longer than normal sound: means a murmur. 
• If the first heart sound sounds like it's two separate sounds separated by a 

20-30 ms space—sounds kind of like a fart to me: Split S1. Normal variation. 
Means mitral comes first, and is louder than the tricuspid valve. There's a really big 
S1 first part with a tiny second sound. Like Blarph-dub, to me. Heard at the tricuspid
position.

• The second heart sound, when heard with the bell, sounds like two separate 
sounds: Timing between the aortic and pulmonic parts of the second heart sound is
a little different from normal. You'll hear the most splitting when the patient breathes 
in most—at peak inspiration. Heard at the pulmonic position.

• Third heart sound, a gallop that sounds like tennessee: You hear it early in 
diastole, and in the mitral position (at the apex of the heart) with the patient supine, 
using the bell. Bum-bumbum, Bum-bumbum. It's a really low-frequency sound, and 
it's in diastole after the second sound. It's often a normal variation.

• Murmur early in the systolic part, decrescendo murmur heard at the apex; 
patient is lying supine and you're using the diaphragm when you hear this; in 
the diastole there's a third heart gallop, and during systole at the beginning 
there's a rectangular murmur, a raspberry-like sound, taking up all of systole, 
like a heavy-heavy breath; murmur in early systole: This particular sound is 
mitral regurgitation. This can mean papillary muscle rupture, infective endocarditis, 
rupture of the chordae tendineae, blunt chest wall trauma. Congenital small 
muscular septal defect and tricuspid insufficiency sound similar, with that early 
systolic sound, but not as whispery and bad.

• Early systolic murmur with a frequency between 120 to 250 hz, best heard in 
the pulmonic area that increases in intensity with breathing, heard with either
bell or diaphragm, with normal S1 and S2 and silent diastole: Innocent murmur.
Happens in pregnancy, hyperthyroidism, exercise, and anemia. It's really low 
frequency. Sounds kind of like a split first heart sound to me. 



• Midsystolic murmur, crescendo-decrescendo: Can be innocent, physiologic 
(from anemia, pregnancy, fever, hyperthyroidism) or pathologic (aortic stenosis etc)

• Mid-systolic murmur that sounds loudest in aortic area; radiates along 
carotid arteries; intensity varies with cardiac output; heard best with patient 
sitting and leaning forward: Means aortic stenosis. Make sure to differentiate from
dilated aorta, bicuspid aortic valve, aortic sclerosis, and increased flow across the 
valve during systole. Those things don't totally block the aorta.

• Musical whistling mid-systole that sounds like a coo, diamond-shaped 
waveform: Turbulent blood flow into the aorta caused by aortic sclerosis. 

• Mid-frequency murmur that starts mid-systole, in a brief pause after S1, with 
a split S2, intensity varies with cardiac output: Mild aortic stenosis.

• Diamond-shaped systolic murmur that lasts all systole, is really loud and 
high-pitched, sounds like someone is blowing hard through a plastic tube, 
more high-pitched and whistly than the early systolic murmurs: Means 
calcification of aortic valve leaflets. Bad aortic stenosis.

• Early-peaking, harsh diamond-shaped systolic murmur that starts at the 
beginning of systole, ends before second heart sound, might hear a fourth 
heart sound in diastole; standing and the strain phase of the Valsalva 
maneuver increase intensity; more pause between the end of the murmur's 
whistle and the S2 than you hear with the aortic stenosis, although it sounds 
similar: hypertrophic cardiomyopathy. The maneuver distinguishes it from stenosis, 
because it's when you're standing and doing Valsalva that this intensity increases.

• Any murmur that lasts through all of systole (holo or pansystolic): pathology. 
• Murmur that lasts all of systole that's loud with a thrill, found in tricuspid 

position while the patient is supine, sounds honking and really unique, very 
loud, has third heart sound: ventricular septal defect.

• Harsh murmur lasting all of systole that you hear best in lower left sternal 
border with the diaphragm (tricuspid area) while the patient is supine, loud 
murmur the whole time and a soft, rumbling, diamond-shaped whooshing 
diastolic murmur too: tricuspid valve regurgitation. Caused by tricuspid valve leaflets 
degenerating.

• Any diastolic murmur: heart disease.
• High-pitched decrescendo murmur in early diastolic, heard best in the left 

sternal edge with patient sitting leaning forward with breath held; sounds like 
breath sounds and blowing; silent systole, normal S2, click after the first 
heart sound: aortic regurgitation. May be due to thickened aortic valve.

• Murmur begins in diastole after an opening snap—put your bell right over the 
apex of the heart—S1 is loud and accentuated and high-pitched, like it's got a
whistle behind it, and turn the patient to left lateral dubitus position (lying 
with their left side down); also kind of musical like aortic sclerosis, but the 
musical murmur is during diastole: Mitral stenosis. Mid-diastolic sound comes 
from the ventricle filling really fast; presystolic sound comes when the atria contract 
and disappears if atrial fibrillation happens. The severe version will have a more 
low-frequency, whispery murmur, and less severe will sound more like honking.

• Continuous murmur audible in kids that begins in systole, peaks near S2, 
continues into all or part of diastole and can be gotten rid of by compression 
over the internal jugular vein: cervical venous hum

• Continuous murmur that becomes audible during late third trimester and 
lactation and begins in systole, peaks near s2, continues into all or part of 
diastole: mammary souffle, comes from augmented arterial flow through engorged 
breasts

• Problem sounds like a machine and is a continuous murmur that begins in 



systole, peaks near S2, continues into all or part of diastole; listen to the 
pulmonic valve with diaphragm while pt is supine; murmur is crescendo-
decrescendo and peaks at the second heart sound, drowning out first heart 
sound: patent ductus arteriosus. Heard best in the pulmonic point, with the patient 
supine.

• Rubbing sound heard when the patient is sitting leaning forward, auscultated 
at Erb's point (which, remember, is the third intercostal space on the left 
sternal border); sound heard with the diaphragm of the stethoscope; sound 
has three parts, continuous sound that is rubbing and harsh and scratchy: 
means acute pericarditis

• Increased S1 with upped heart-rate: stress, hyperthyroidism, and exercise.
• First heart sound WAY louder than second, normal heart-rate: Thickened but 

still working mitral valve. If it's super-loud it could be mitral stenosis. 
• Very split first heart sound (like 50 ms), very loud mitral component (first part)

heard in mitral valve area; clearest split heard at tricuspid area; pt supine: 
Right bundle branch block.

• Decreased intensity first heart sound: Viral infection, cardiomyopathy, anything 
that weakens the left ventricle.

Growth and Development: Outline

We've got a few milestones and things to track normal growth.

Check Weight and Height, Infant

It's normal for a baby to lose ten percent of her mass before she's born, and then reach 
her birth weight at two weeks before birth. But after her birth, she should be increasing 
weight by thirty grams or one ounce per day. Between three through twelve months,  By 
five months she should be twice her birth weight, and by twelve months she should be 
three times her birthweight. Her crying should peak at six weeks of age.

Between 0-3 months, she should gain 3.5 cm in length and thirty grams per day and 2 
pounds per month and 2 cm per month and 115 Kcal/kg per day.
Between 3-6 months she should be gaining 20 g/day and 1.25 pounds per month and 2 
cm per month and 1 cm around the head per month and 110 Kcal/kg/day. <<look at table 
and memorize or at least put info here

Between six and 18 months of age the baby's height will shift in percentiles up and down 
towards her genetic potential, and then afterwards most kids will track along a percentage.
The mid-parental height is usually normal, which means boys will be the maternal height 
plus the paternal height plus five inches divided by two. Girls are the same but minus five 
inches instead. Use 13 cm instead of inches if you want to be metric and cool.

Check Pubertal Development

We divide puberty
Early adolescence is 10-13 years old-->1-2 Tanner
Middle is 14-16 years old-->3-5 Tanner
Late adolescence is 17-10-->5 Tanner
We used to rate a child's sexual development by Tanner, they use something else now. But
B1 is pre-pubertal, B-2 is breast bud, B-3 is enlargement of breast and areola with no 
separation of contours, B-4 is projection of areola and papilla to form a secondary mound, 



B-5 is areola receeds to general contour of the breast with projection of papilla only, that's 
adult, and that's usually in 17-20.
Hair develops like this:
Ph-! Is pre-pubertal
Ph-2 is sparse growth, long, slightly pigmented hair, slightly curly, mainly along the labia
Ph-3 is darker, courser, curlier hair spreading
Ph-4 Hair covers pubic area
Ph-5 is hair extends to medial surface of the thighs

For boys, the stages go into one set:
G-1 is pre-pubertal
The first thing that starts changing is the testicles
G-2 testes and scrotum enlarge, skin starts to redden and chane in texture, pigmented hair
slightly curly at the base of the penis
G-3 FIXAL

Check reflexes

Moro: It's important that this is symmetric. If it's asymmetric, check the clavicle and the 
brachial plexus to see if something broke during birth. FIXAL time for moro
Babinski FIXAL
Rooting FIXAL time for rooting
Plantar and grasp reflexes: Should only persist during the two to three months of age. 
They have to learn to let go by six months. (That's hard to learn!)
Asymmetrical tonic neck reflex: If you move the baby's head to the left, he'll extend his left 
arm. This starts at two months, and lasts up to six to seven months. They can't really roll 
over and bring their hands to the midline and stuff until they get rid of this.
Postural reflex, Righting reaction: Where if you push the sitting baby to one side they right 
themselves.
Postural reflex, Parachute reaction: Where if you hold a baby upside down and hold him 
towards a table as if you were going to drop him on it head-first, and he extends his hands 
towards it to protect himself.
Both of these start between two and nine months, and get incorporated into adult 
movements.

FCARD
Check motor development 
At one month can lift head when prone<<if can't lift head by four months, problem
At two to four months they turn over
At two months they can lift shoulders while prone
At three months they can lift up on elbows, holding their head steady when upright, and 
follow objects for 180 degrees
At 3-4 months there is no head lag when you pull the baby from lying to sitting (they keep 
their head in line with their trunk)
At 4 months they bring their hands to the midline (kind of like clapping when they see food)
when they're excited
At 5-6 months they roll from back to front
At six months they can stay sitting at least 30 seconds
At six to seven months they sit 
At eight to nine months they creep<<if can't sit by nine months, problem 
At 9-10 months they pull themselves to stand
At 10-11 months they “cruise,” which is when you walk holding on to the sofa and then 



crawl and then get back up walking holding on to the table and such
At twelve months they walk 
At 15-18 months most babies really need to be walking. They may have a strange bowed 
walk at first, and that's okay, they'll straighten out by two years.
At 15 months they can walk backwards
At 18 months to two years they run, and stoop to pick up toys
At two years they run 
At three years they can tricycle, walk up stairs with alternating steps, catch balls with stiff 
arms
At four years they can hop on one foot, walk down stairs with alternating steps, throw the 
ball overhead, go to the toilet alone
At 5 years they skip, walk, and jump backwards

Fine motor
At three months they can bat at objects like a kitty-cat
At four months they can reach for objects
At six months they can transfer objects from hand to hand, and they can find and grab 
their own hands
At 9 months they have radial digital grasp (that's when they use all their fingers to grab the 
cheerios in a big bunch) and they can bang two cubes together 
At twelve months they have a fine pincer grasp (they can pick things up with just forefinger
and thumb instead of the big grasping hand), which allows them to scribble and turn pages
of books
At thirteen months they can release pellets into a bottle
At fifteen months they can build a tower of three blocks
Eighteen months is a four cube tower and the baby imitates a vertical line
At two years they must be able to build a four-cube tower with blocks, at least, but they 
should build a 6 cube tower and imitate a horizontal line.
At three years they can draw a circle <<check this slide, the one right before the “cognitive 
or problem-solving” slide, for holes FIXAL
At 72 months drawing a diamond and writing name.

Self-help 
At two months she can open her mouth when she sees a breast or bottle
At three months she can bring her hands to her mouth 
At 6 months she can feed herself crackers 
At 8 months she can hold her own bottle and finger-feed 
At 10-11 months she can help get herself dressed 
At 18 months they can remove clothes

Problem-solving
At two months recognizes mommy
Three months reaches for her face and follows objects in a circle
At four months reaches for a ring and can rattle
At 7 months<<check this cognitive or problem solving thing
At 8-9 months they can see object permanence
At 18 months they can match pairs of objects
From birth to two years is called the sensorimotor stage.
At three yers they can point to themselves in a photo

Receptive language-wise,
At 2-4 months they're alert to the voice



At 6-7 months they gesture for up
At 9 months they can understand bye-bye and no
At two years they follow two step commands

Expressive language-wise,
At 2-4 months they coo
At 4 months they turn to look at noises
At 6 months they can do monosyllabic babbling
At 6-7 months they babble with consonants
At 8-9 months they shake their heads for no
At 12 months they can makes specific words like Mama and Dada
At 2 years they have a minimum of 50-200 words
At three years they have more than 2,000 words and can count to three
At five years they should also know extended narrative and future tense

The red reflex, fix and follow test, E and Snellen chart FIXAL

Socially,
At two to 4 months they have a social smile
At 6-7 months they have stranger anxiety
At 809 months they have separation anxiety
At 3 years they start to imitate adult activity
Behavioral slides: divorce, terminal illness, death, loss, etc FIXAL
Concept of death development 
0-2: Death is separation or abandonment, protest and despair because care-taking 
changes 
2-6 years: death's reversible, temporary, punishment, 
6-11 years: gradual awareness of finality of death 
FIXAL all behavioral slides

Growth and Development: Technique Tips

Baby-positioning: When babies are exercising, their faces should be down and they should
be on their tummies to strengthen their trunk and neck muscles. When babies are alone, 
they should lie on their backs.

All babies vomit because their sphincters are not good at closing, and they have reflux and
things, so keep the baby with mom 20 minutes after they eat so they don't lie in bed on 
their backs drinking their own vomit.

Screening: Some checklists you can use: ASQ (ages and stages questionnaire), CSBS 
(communication and behavior), PEDS (for parents), MCHAT (autism screening), STAT 
(autism screening), ASSQ (autism screening), CAST (autism screening).

Optimally, you want to check the patient at 2 weeks, 1 month, 2,4,6, and 9 months, 12 
months, 15 and 18 months, 1 year and 6 months, at 2 years, at 2 and a half, and after that 
every year. Screening for developmental issues happens at 9, 18, and 24-30 months. This 
doctor likes to ask her patients to come every six months after two and a half, because 
then they end up coming every year.

For a quick language screening, remember the mnemonic 1, 2, 3, 4, 5. At 1 year, they 
should know 1 word, obey 1-step directions, and point 1 with their index finger. At 2 years 



they should know 2 word sentences, 2-step commands, 200 words, and ½ of their speech 
should be intelligible. At 3 years they should know 3 to 5 word sentences, 3 step 
directions, ¾ of their speech should be intelligible, and they know 3 pieces of info: age, 
first name, and gender. At 4 years they should be proficient in 4 Ps: pronouns, 
prepositions, plurals, past tense regular, and name 4 colors. At 5 years they should know 5
pieces of information: some letters, some numbers, shapes, full name, and address. Did 
you catch the pattern? Good.

For hearing screening, make sure you complete diagnostic audiological testing by three 
months and give access to early intervention services at less than six months. To help 
development, you should get them amplification, if they need it, within a month of 
diagnosis, and give cochlear implants between 12 and 24 months.

Growth and Development: What Means What

Physical problems

Check the head. Micro-cephaly could mean increased chance of mental retardation; 
macro-cephaly might mean hydrocephalus, which means you've got an increased 
incidence of learning disabilities. 

Some stature variations could mean your patient has certain syndromes, although a lot 
of stature variations are just normal.

Watch the normal pubertal progression. For girls, if they're not having a period at 
sixteen years old that might mean they have central amenorrhea or be Turner's (XO). 
You need to check for cryptorchidism (absence of one or both testes) and varicocele 
in a boy. You can find milder varicoceles by asking the patient to perform the Valsalva 
maneuver, and then looking at the dilation of the “worm-like” vessels in the testicle, but 
really bad varicocele will be pretty obvious.

Keeping the fists closed at three months of age is the earliest indication of neuromotor 
dysfunction.

Delayed postural reactions and reflexes can mean future delays in voluntary motor 
development. (That's parachute and the righting reflex)

Early rolling, and pulling to stand at four months instead of going through sitting 
first, or walking on the toes, can all mean the baby is a little bit spastic (which could 
indicate cerebral palsy). If: 

• the child starts out hypotonic;
• at 6 months develops abduction of thumb, motor delay, and in-coordination; 
• at 7-8 months might scissor the legs if you lift him up;
• at 9 months may have diffuse spasticity and hyperactive DTRs;
• at 18 months develops dyskinetic patterns;
• and then later primitive reflexes persist;
• if they've got spasticity, hypotonia, hyper-reflexia, clonus, and a positive 

babinsky sign
...they may have a non-progressive lesion in the brain (cerebral palsy), which happens in 
about 2-2.5/1000 live births in developed countries. Look also for a hearing and visual 
impairment, speech and language delay, problem-solving deficits, and a feeding or 
swallowing dysfunction. 59 percent of these kids attend special schools and have more 



hospitalizations and doctor visits than other kids. 

Inability to roll from front to back or bring hands to the midline usually means the 
asymmetric tonic neck reflex has persisted.

Inability to sit at 9 months, inability to hold up head at 4 months, and inability to 
walk by 18 months are physical red flags that may mean pathology.

Mental and language development

Your cognitive red flags are lack of fixation at 2 months, lack of visual tracking at 4 months,
failure to turn to the sound of a voice at 6 months, lack of babbling at 9 months, failure to 
use single words at 24 months, and failure to speak in 3-4 sentences at 36 months. If only 
the language skills are delayed, they may have a hearing impairment, or a speech 
problem, if the verbal and problem-solving parts are messed up, they may have mental 
retardation. Either can mean a learning disability. Early screening is super-important.

Hearing loss obviously isn't a mental impairment, but it can inhibit language development. 
If there's a lot of otitis media with serous effusion, it means at older than three months you 
need to do a hearing test to protect against hearing loss. If there's no babbling at 6-10 
months, it may mean a hearing impairment. Congenital malformations of mesoderm (ear 
bone), endoderm (Eustachian tube), and ectoderm (pinna and external ear and external 
ear canal) can all cause hearing problems, and that's 20-30 percent of hearing problems. 
Meningitis, oto-toxic drugs like aminoglycosides (anti-bacterials like zithromax), and hyper-
bilirubinemia and other acquired cases cause 70 percent of hearing loss cases. There's 
also genetic hearing loss. Remember APGARs score? That's the two points in each 
category the baby gets for breathing, heart-rate, muscle tone, grimace in response to 
pinching, and skin color, the test you use to double-check a baby when she's born. A low 
APGARs score might mean more risk for hearing problems.

Different from hearing, 85 percent of visual defects are congenital, while only about 15 
percent are acquired (due to things like trauma, retinoblastomas, or Vitamin A 
deficiencies). 

Head and Neck: Quick Outline

Inspect and palpate the head and hair
Eye Exam:

Visual acuity—patient's best corrected vision
Visual fields
External exam—look for ptosis and injury
Motility
Pupils
Fundus

Head and Neck: Technique Tips

Eye Exam
Most important question for a patient with visual loss and diplopia is if one or both eyes are
affected. That helps you find out if the problem is vision, or coordination of the eye 
movements. Check eyes individually, too—you might see fine with both eyes individually, 



but have problems when coordinating them both.

Knowing the visual field from neurology (go back to page FIXAL) helps you know where a 
lesion is. All hemianoptic things are in the head, while other lesions can be at the level of 
the eye.

Ask pt to squeeze lids together and open them again to find entropion that's not so 
obvious (when the eyelid is bent into the eye and the eyelash is scratching the eye).

In kids, look for strabismus after three months. You can't check if a child can read if he's 
too young: you have to see if he follows your movements right. Nystagmus are arrythmic 
movements of the eyes, and you might catch those in your observations, too.

Red reflex: you should see a red 

Look for lid position: is one up more than another (ptosis)? Are their eyes really super-
open (Graves)? Is the lower eyelid twisted in against the eyeball, or twisted out and falling 
away from the eyeball?

Tell the patient to look at a distance so the pupil will stay open while you're trying to see 
the fundus. The two slit helps you see if something's elevated or depressed down.

You have a red free filter on your opthalmascope.

The one slit is nice because it doesn't saturate the eye with as much light.

Cobalt film helps you see if there's a defect in the cornea.

The periauricular lymph node is in front of the ear.

Head and Neck: What Means What

Face
Hair is white, dry, course, sparse, thin lateral eyebrows, sometimes perirobital edema, 
puffy skin – hypothyroidism
Moon face, red cheeks, very hairy face—Cushing's 
A lot of liquid edema around the eyes (periorbital edema) in a pt who urinate out all their 
protein—nephrotic syndrome, no protein left in the body means water leaves circulation 
out into the third space
Very large chin, acromegaly—growth hormone pituitary problem
Nevi http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3125493/

Eye Exam
Pt is dizzy, vomiting, recurring headaches not caused by anything else, in eye exam the 
fundus is occluded with something that makes it hard to distinguish the blood vessels: 
Might be a tumor

Bigger denominator, the worse the vision (20/40...etc)

Eyelid weakness and drooping that's painless and varies with exercise: myasthenia gravis



Edema in the conjunctiva: bad allergies

Blood, hemorrhage in the conjunctiva outside of trauma, no pain, can see, eye full of 
blood: It goes away in like a week, it's just like you had a really bad asthma attack and 
busted a little blood vessel

White pus-like stuff coming out of the eye: Conjunctivitis due to gonorrhea

White disk in the middle of the eye between the pupil and iris: Ulcer from contact lens

Christmas-tree shaped thing hanging out in the eye: typical of syphilis

Can't see towards the center: Inter-nuclear opthalmoplegia, means you have a tumor 
lesion thing FIXAL

Anisocoria, one eye dilates instead of constricting in response to light, which means 
there's a problem sensing light in that dilated eye FIXAL

Congenital horner's causes therachromia FIXAL

Looks like a glassy reddish orb of color in there, without any lines: Aniridia, born without an
iris (turn into flash card)

Red eye with pain, semi-dilated: glaucoma

Yellow blotch at your little junction of your little venules: cholesterol embolus, hollenhurst 
plaque. For people above 50, embolisms come to the eye from carotid or heart; for people 
under 50 they're usually from the heart. When you have occlusion of the arteries, the 
related area turns pale, so if you have an embolism you'll also see paleness down stream 
in the eye, and the small vessels will be less easy to make out. You might see a cherry red
spot in one area.

Amaurosis fugax is sudden blindness FIXAL

Central vein occlusion: very common in diabetics. This is no pain.

Scintillations, transient obscuration of vision, transient homonymous hemifield losee: 
Migraine.

Sea-fan neovascularization and retinal arterial occlusions: sickle cell anemia

Most common intraocular malignancy in adults, asympthomatic, decreased or distorted 
vision: Metastatic carinoma

Most common connective tissue disorder, with burning, foreign-body sensation, and 
photophobia, and dryness: keratoconjunctivitis sclera. Treat with artificial tears and stuff.

Eye without secretions and edema and stuff, just really red eyes because of all the red 
blood vessels being really obvious and much: 

Dry eyes, scleritis, bla bla, cotton wool spots, hypertensive retinopathy: 



Keratic spots in the granulomatous uveitis means lots of white spots over the eye 
Sarcoidosis, 

Headache, fever, scalp tenderness, weght, fatigue, myalgias (acute vision loss), jaw 
claudations: giant cell arteritis. Age times 10, start steroids, so confused. Start steroids, the
biopsy could take a while, don't send them home or they'll be blind when they break back. 
Do an ESR and CRP stat, temporary artery biopsy. You have to take a smaple of like an 
inch. Treatment daily with high dose coritcosteroids daily, don't wait for results of 
temporary arteyr ibopsy...

Patient with medial effects are the last to go with a thyroid opthalmopathy so you can still 
look middle 

Intracranail hyoptension caused by Brain tumor, meningitis, venous sinus thrombosi, 
hydrocephalus, idiopathi c intercranial thpotension , watch out for obesity

Optic neuritis manifestiaon of MS, acute painful loss in one or both eyes, treat at first with 
methylprednisolonie intravenously. Most of them get bettter is hin a week

diabetic retinopathy, you'll see a net of vassels right outside the nebula

AIDS ocular stuff is dry eye, cotton-wool spots, reitinitis, 
or you could see cmv cytomegalovirus in tehre 

some medicines have side effects 
retinopathy goes with thioridazine, chloroquine, hydrosychloroquine, tamoxifine 
toxic optic neuropaty goes with ethambutol (for cirrhosis),isoniazid, flouro quinolones

Giant cornea in a baby is

red test, normal reflex is to see red again, or you have glaucoma if you don't see red again
when you shine a red light into the child's eye 

retinoblastoma 
infected or edematous eyelid...

astral eyes
ojos astrales is a poem

Corneal inflammation, with reddish/violet flush from the limbus, moderate severe pain, 
decreased vision – PT might have left contact lenses in too long.

Yellow sclera – Jaundice, maybe from cirrhosis or hepatitis or cancer or all kinds of things. 
woerchow

PT complains of lots of tearing up, eyelid is kind of coming out 

Opaque lens—the cornea has been injured
Opacity of the lens that you can see through the pupil, looks like there's a glass bubble in 
there—cataracts



The first 20 on the 20/20 is the distance from the chart
The second 20 is the distance that at normal eye can see the line of letters (so a smaller 
number means normal people need to be closer than you do)
Constricted pupil that won't un-constrict – could be heroin or Horner's (pancost tumor that's
pinching the parasympathetic system)
When one pupil is larger, unilateral – Adie's pupil, anisocoria. Might mean blunt trauma to 
eye.
Look up types of pupil in the Bates

White bubbly-looking deposits in the ears—uric acid
When you look into the ear you see hyaline deposits and calcifiction in tympanic 
membrane, and it looks all white – after an infection they got tympanosclerosis as the ear 
gets SO MANY infections and the place scars up and hardens, prevent this by draining the
ear out (of course you give antibiotics too)

Need to make FCARDS of these pictures

scotoma means there's one point where you don't see things, where there's like a spot in 
the middle o your vision, could be MS, toxic stuff, pituitary tumors, pre-eclampsia, 
migraine, hypertension

A node more than one centimeter – infection or something bad, especially if lasts more 
than one month

grave's has a higher vascularity and a systolic bruit

Bechet

Abdomen

Respiratory 

Outline 

Technique Tips

ask do you have discomfort or unpleasant feelings in your chest 

Pt must cross arms and grab shoulders to move scapula out of the way

You intubate the right bronchus because it's more straight and easier to get into.
The second intercostal space is where your needle inserts for the tension pneumothorax.
Your fourth intercostal space is where your chest tube inserts.
T4 is the lower margin of the endotracheal tube on chest X-ray.
The carina is at the level of T5, through 7-ish.
If you're putting in an endotracheal tube it should be 5 cm above the carina so you can 
ventilate both lungs (not just one, if it's too low one lung will be collapsed).
The inferior tip of the scapula is where the 7th rib is, and the space between 7 and 8 is a 
landmark for thoracentesis, which you can use to diagnose someone.

Cardiothoracic index is a plus b over c times 100 should be 0.5



What Means What 

clenched fist over sternum-->angina pectoris
finger pointing to tender area-->muscloskeletal
hand moving from neck to epigastrum—heart burn
Bates pg 312 to 313

Prostate

Back and Extremities

Outline 

Technique Tips

Have the patient push against the wall and lift one of their arms.
Ask pt to touch opposite scapula from above and under, like they're trying to reach a spot 
on their scapula to scrach—that's the Apley scratch test. 
Push on the patient's scapula and raise the patient's arm—that's the Neer's impingement 
sign. You're trying to push their humerus against their acromion.
Have the patient flex their shoulder and elbow at 90 degrees with their palm down—and 
then rotate their arm internally. If there's pain, that's the Hawkins impingement sign.
For the Finklestein's test, have your patient hold their thumb inside their fingers, and then 
bend their wrist towards the ulnar side (so away from their thumb).
A Tinel's sign is found by tapping the medial nerve in the carpal tunnel. If that makes the 
hand numb and tingle, the test is positive.
Phanel's sign is when you hold your wrists in flexion. If that makes you numb and tingle 
after a minute, it's a positive Phanel's sign.

When you're looking at an X-ray of the knee from the side, if the bottom bone is square, 
you're looking laterally. If it's triangular, you're looking medially.

The patello-femoral grinding test is where the pt has an extended knee, and you compress
the patella over the femur, and then ask the pt to tighten their quadriceps. There should be
a sliding motion, you should feel the patella slide.

You can do a milking test on your pt's knee. You “milk” away the fluid on the knee, pushing 
especially on the lateral side to get all fluid away. Then, you push on the medial side of the 
knee. If there's a bulge laterally, the pt has too much liquid in their knee.

The balloon sign is when you grip all around the patella and you see a balloon of liquid out 
the top and front.

The Lachman's Test is when you push down/posteriorly on the thigh/upper leg, and pull 
up/anteriorly on the tibia. The tibia shouldn't come “up” in front of the femur. If it does, it's a
positive lachman's test.

Your pt holds their leg at 90 degrees, and you pull forward, and if it comes forward like a 



drawer that's anterior drawer sign, problem with ACL. If pt's leg is in the same position and 
you push backwards, and the pt's leg goes backwards, it's posterior drawer sign, and 
problem with PCL.

When you're checking for flat feet, you need to see when the pt is load-bearing, not just 
looking at the feet.

When you're trying to fix a dislocated shoulder, there are several techniques you can use. 
You can use a weight, where the patient lies on his belly and holds a weight towards the 
floor, or you can put your foot in his armpit and yank his arm (0_0), or you can have 
someone help you pull their arm laterally while you pull their body the other way. Why so 
much pulling instead of pushing the shoulder? When the shoulder is dislocated the 
muscles are now pulling the humerus medially towards the middle of the chest—all those 
muscles that hold on to it don't just pull it down, they pull it up towards the clavicle. So it's 
now stuck on the other side of the acromion. You want to get it laterally, back into its spot 
in the glenoid fossa, so you have to pull it OUT first before it'll fall back in that spot. I hope 
this makes sense. 

Anatomical variant you should know about: the sciatic nerve passes through the piriformis 
instead of under it. Your pt can get pain because the piriformis squishes the nerve. You'll 
notice this in pts who start working, who are young, and the piriformis looks really big.

When you're going to inject a cure into an injured elbow, you need to find the right spot. It's
between three bones. You know where the olecranon is, that's easy. Then you find the 
lateral tubercle of the humerus, you know where it bulges on the lateral side. Next, put 
your finger just lateral to the olecranon and forward or distal to the humerus, and have the 
patient rotate his or her forearm. Then you'll feel the little head of the radius moving. Once 
you found the little head of the radius, you're set. It's in between those three bones that 
you inject.

What Means What

Can't do the Apley scratch test: rotator cuff problems.
Pain with the Neer's impingement test: possible rotator cuff tear, and inflammation in the 
bursa that's hurting the tendon there.
Calcified tendonosis hurts a lot more than a fracture, says the doctor, so he's got patients 
who come in crying, and that's usually chronic inflammation in a bursa causing an 
impingement. The calcification is when in the bursa it's become calcified and hard, and 
that hard rock thing is now rubbing against joints. Sometimes you can inject medicine into 
that tendon and it'll stop hurting, but sometimes you need surgery.
A positive Hawkins impingement sign shows rotator cuff tear.

A rotator cuff tendinitis means your patient has probably been throwing or swimming 
regularly. It's usually on the supraspinatus tendon, and there's pain and weakness when 
you lift your arm above your head. Sometimes the patient won't have pain then, but will 
have a positive Hawkins impingement sign. A rotator cuff tear is different, and comes from 
injuries like falls and stuff.

A patient with tenderness in the bicipital groove and also rotator cuff tendinitis may also 
have bicipital tendinitis. Ask the patient if they hurt during supination, and that's a bicep 
problem.



If there's diffuse dull pain throughout the shoulder, and the pt has a decreased range of 
motion, pt could have adhesive capsulitis or frozen shoulder, where they've got 
inflammation of the capsule of the glenohumeral joint. This is REALLY decreased range of 
motion, like they can't even lift their shoulder at all. Pts are more likely to get this with 
strokes, lung disease and other connective tissue disorders, heart disease, and muscular 
dystrophy. This happens in older patients. To fix this you have to surgically move the 
capsule and loosen it so it's not all hard and holding the shoulder in place like this.

In an X-ray, if you see less space between your acromioclavicular joints, between the 
bones, that's probably arthritis. That PT will have tenderness at the acromioclavicular joint 
specifically.

If on your patient you see a pointy acromion sticking out their shoulder, instead of a nice 
rounded shoulder, and it's pointy on one side and not on the other side, that's the classic 
way you see it's a dislocated humerus. We classify dislocations by where the humerus 
goes compared to the glenoid fossa. If it's forward, it's an anterior dislocation. Falls and 
shoulder instability, and sometimes throwing something too hard, can all dislocate your 
humerus.

If you see a swollen bump under the pt's elbow, that could be olecranon bursitis. This can 
be from gout or rheumatoid arthritis or trauma. The first metatarsal phalangeal joint is the 
first to get affected in gout, so if your pt has that hurt then it's more likely gout in their 
olecranon bursitis. Gout is a metabolic problem with uric acid and inability to metabolize 
protein, while rheumatoid arthritis is auto-antibodies causing the problem. If the patient's 
pain is symmetrical, it's more likely rheumatoid arthritis.

Sometimes you see an olecranon bursitis or a swelling backwards and you think the bone 
is protruding backwards. But it's really rare to displace your olecranon backwards. It has to
be a terrible mangling usually, or maybe you're Mr. Olympia lifting something SO HEAVY 
above your head that it shoves your olecranon backwards. You can put the olecranon back
by securing one hand on the patient's bicep, to hold their arm still at 90 degrees, and then 
pulling the forearm forward.

Child comes in, like two year old, with pain in their elbow, really bad pain, after being 
yanked in the arm by a nursemaid. This is called nursemaid's elbow or babysitter's elbow, 
and what happened is the radius is dislocated. The band that holds the radius to the ulna 
is normally wrapped around the radius, but here, the radius is outside the band, and in fact
the band is now squished between the radius and the ulna. To put the radius back in the 
band, you supinate the child's arm, and then flex it. It's like magic how this works, says the 
doctor.

If your patient has pain in lateral epicondyle, that could be tennis elbow. The doctor prefers
the term injured to inflamed, because if you look in pathology after you surgically remove 
the damaged tissue the tissue's sometimes just dead, without signs of neutrophils and 
inflammation and stuff. You've had too much repetitive motion there that's straight up killed
the tendon. This can also happen to hairstylists who use repetitive motions, not just tennis-
players.

If your patient has pain in the medial epicondyle, and they so a lot of pitching or golfing, 
they might have medial epicondylitis or pitcher's or golfer's elbow. Sometimes you do an 
injection there and the problem is fixed, but you need to talk to the patient about lifestyle 
before the problem comes back.



If your patient has nodules and pain and stiffness on their wrist, MCP, PIP joints, then 
you're looking for rheumatoid arthritis. You're looking for swan neck or Boutonniere 
deformities, and for SYMMETRY. Why does the patient have swan neck deformity? 
Because the volar/palmar side of the finger is so inflamed that the bottom/volar/palmar 
ligament isn't working, while the one on the dorsal side of the finger is working—which 
means the dorsal side of the finger pulls back the fingertip, kind of like reins pulling back a 
horse's head. Dorsal nodules on BOTH tibia could be rheumatoid arthritis nodules, but it 
should be symmetric.

If your patient has Heberden's nodes or Bouchard's nodes, they will be on DIP 
(Heberden's) or PIP (Bouchard's) joints. Usually these nodes aren't on MCP joints. These 
nodes look like swellings to the side, and they're indicative of osteoarthritis. These pts 
don't have swan neck fingers, but fingers with bulgings out to the side.

In the hands, your patient's swollen joints that look like edema, lots of red and hot and 
stuff? That's more likely gout. Cooling makes the joint worse, because it makes the pt 
produce more crystals.

Pain in the radial wrist and a positive Finkelstein's test means Quervain's tenosynovitis, 
which means there's inflammation of the abductor policis longus and extensor sheaths.

If your pt has a positive Tinel or Phanel test, and weak thumb abduction, they have carpal 
tunnel syndrome. 

Doctor says pts with knee pains usually come in with bursitis in their pes anserinus. That's 
a medial swelling.

You might see a red giant lump on your pt's knee. A patient who works as a housemaid, or 
in construction down on his or her knees a lot, might get prepatellar bursitis—swelling over
the patella.

If a pt has swelling over the tibial tuberosity, and has pain on the anterior part, they might 
have infrapatellar bursitis. If there's a hard lump in the tendon and the pt has crazy pain, 
that might be calcification of the tendon. If you touch the patient's bursitis and it hurts up 
towards the muscle, and it's bilateral, it's likely bursitis.

The knee is weakest in the back. A Baker's cyst is when the knee's basically squeezing 
liquid out of it—there's so much liquid—that it comes out the back, where it's weakest. It's 
a popliteal cyst in the gastrocnemius semi-membranous bursa. You need a really big 
needle to take this liquid out because it's super-thick, like a jelly. It then might come back, 
so it may be better to operate. You have a one-way-valve basically where the knee keeps 
squirting knee fluid to the back, and can't reabsorb it to the front because it's all squished. 
This can be caused by obesity. You're so heavy you're squishing your femur down against 
your knee, and crushing shut the place where the femur and lower leg-bones meet. So 
with that stress there's a lot of inflammation—your knee is taking SO MUCH weight—and it
starts producing lots and lots of fluid to protect itself. All that fluid accumulates in the back 
of your knee. Losing weight will help the inflammation stop. Anti-inflammatories will also 
help. You may have to do surgery to close the one-way valve, drain out the fluid, and then 
now the knee can't squish fluid towards the back. So then wont' the fluid now get stuck in 
the front? You give anti-inflammatories to try to prevent that, and you get your pt to lose 
weight so the problem will go away for good.



What does meniscus mean? Your meniscus protects your knee because it distributes force
over a greater surface area, reducing pressure. Your round epicondyles meet your flat tibia
top, and that puts a lot of pressure on the POINT where the round stuff meets the flat 
surface. The meniscus spreads that point pressure across the whole tibia.

If the pt has pain on their patellofemoral test, or you hear crepitus, then the pt might have 
chondromalacia or patellofemoral syndrome.

Your pt has a positive knee-bulge sign or balloon sign. What does this mean for surgery? 
How much liquid is too much liquid in a pt's knee? When the pt's knee is distended and it 
hurts, then you should take liquid out.

A positive Lachman's test means a broken ACL.

Anterior drawer sign means problem with ACL. Posterior drawer sign means problem with 
PCL.

Hallux valgus is another name for a bunion. Abnormal abduction of large toe, MCP joint 
enlarged bursa inflamed.

What does Morton Neuroma mean? A Morton Neuroma in the foot is most common 
between the third and fourth toe. Chronic tight shoes, unlined bones after a surgery, toes 
that were congenitally too close together, and other things that squish the space between 
the third and fourth metatarsals can cause neuromas, where you start growing extra tissue
that shouldn't be there, and your nerve grows a little tumor-ish thing, and then you get 
nerve tingling and problems in your foot. You can do surgery to take that neuroma away.

Pt has pain just anterior to their calcaneus when you palpate their plantar fascia and it's 
way worse in the morning when they stand up: think plantar fasciitis, inflammation of the 
plantar fascia. Caused by rheumatoid arthritis, gout, too much standing, too much heel 
strike exercise.

Diabetic pt with back pain? Think neuropathy.

Construction worker with sudden back pain? Think herniated disk. Weight on the spine 
pushes the fluid out the back. Why doesn't the fluid herniate out front? Because the weight
is squishing from the front.

Lateral pain in the thigh right on the greater trochanter—trochanter bursitis.

Two kinds of patients who come in crying: calcified tendonitis, and broken calcaneus. It 
takes a LOT of force to damage a calcaneus muscle. 

Compartment syndrome can also come with crying. In that syndrome it's like the pt has a 
tourniquet on their vein, and their leg will keep swelling and swelling, and there's so much 
ridiculous pain but maybe no fracture. Even moving the patient's toe—you moving it, not 
the patient doing any work—will give them massive pain. What happened? Some trauma 
whacked the compartment or leg, and the muscles swell, and you have SO MUCH 
pressure in that compartment. To relieve the pressure you have to cut open the fascia, and
the muscles will bulge out through there and it'll look really ugly. When the edema goes 
down, and the muscles stop swelling, you can cover it up with a skin graft.



Nutrition

There's so much debate and discussion about proper nutrition out there, and it seems to 
differ a lot by patient—some patients need a no carbs diet to deal with weight and protect 
themselves from bp problems, other pts need carbs to build muscle mass, and you've got 
debate about protein and how much protein and so on and so forth.

One recommendation is 45 to 65 percent of the diet carbs, 10 to 35 percent protein, 20 to 
35 percent fat, and 14 g of fiber per every 1,000 calories. This isn't going to work at all for 
a body-builder, who needs less fat and many more protein and carbs, or for someone with 
a metabolic disorder, but it's a good place to start.

You know diets high in a glycemic index—with a lot of fructose—correlate with developing 
diabetes, so all that white bread, pasta, white rice, pizza, etc etc doesn't work for someone
with diabetic risk, or diabetes in the family, who should focus on fruits and vegetables for 
their carbs—or cut out carbs entirely. 

Proteins-wise, red meats are associated with an increased mortality (when compared to 
white meat), but there are certain proteins in red meat that you can't get anywhere else in 
nature. The current RDA (recommended dietary allowance) is 0.8 g/kg per day. Older folks 
might need more protein, because they've got a muscle mass loss going on with age 
(sarcopenia).

Fats are broken into several categories. Monounsaturated fatty acids are things like 
canola, olive oils, nuts, avocados, and dried beans. Polyunsaturated fatty acids live in 
salmon, trout, sardines, and walnuts, and they're supposed to be pretty good. You need 
these kinds of things for energy, to help you with vitamin absorption, to form your cell 
membranes, for prostaglandins, and to make steroid hormones—but the average person 
in US and Europe and some parts of Latin America has access to far, far more fats than 
they need for these purposes. The saturated fatty acids and trans fatty acids are the ones 
you want to keep your patients away from—fried food, snacks, margarine, etc etc, and 
dairy products, unfortunately. Basically, in chemistry, too many hydrogens are bad for you. 
A good average measure it to keep your patient with less than ten percent of daily calories 
from saturated fats, and less than 300 mg of cholesterol per day.

Alll the cereal boxes want to tell you all about fiber. Lowered risk of cardiovascular 
disease, diabetes, cancer, cholesterol-lowering, bla bla bla—and of course Mom probably 
told you fiber helps your constipation, to make you “regular”. It's also good for 
hemorrhoids, diverticulosis, and gallbladder disease. Fibers are carbs you can't digest with
your enzymes in the GI tract, and they help trap things and keep things flowing in your 
poop, so instead of things getting all lumped up and getting caught on or scratching your 
diverticulums, fiber makes your poop “smooth.” Whole grain cereals, veggies, nuts, and 
seeds have fiber. 

Try to get your patients to have less than 2.3 g or 6g of sodium chloride. (insert from 
college cellular biology info on salt here)

If you get your pt on average 1200 mg of calcium a day you might help her prevent 
osteoporosis.

Women capable of having babies should probably eat 0.4 mg of folate a day to prevent 



neural tube defects.

Giving 400 to 800 IU of Vitamin D a day can help prevent falls in community-dwelling 
adults who are older than 65 years old.

Unfortunately, as you may have heard, several studies (you can look them up in JAMA and
AMA-related sources, google is your friend) show that taking supplements doesn't really 
do much for people who get enough micronutrients and multivitamins in their food diet. It 
also seems like taking these things in your food is much healthier than taking them in pills, 
since there are often associated other vitamins and chemicals that work with the vitamin 
you're seeking out. So, eating healthy is better than eating crap and taking vitamins to 
cope with it.

Of course, it's better to take supplements than to get a vitamin deficiency. 
Vitamin A deficiency can cause night blindness and infections.
Thiamine deficiency can give you Wernicke's encephalopathy (dementia, ataxia, 
confusion, confabulation).
Pyridoxine deficiency can give you peripheral neuropathy and hyperhomocystinemia.
Niacin deficiency can give you delirium, diarrhea, and dermatitis. Your skin will turn red 
and blotchy.
Folate deficiency, as we already said, can hurt your babies—but it can also give you 
megaloblastic anemia and hyperhomocystinemia.
Vitamin B12 deficiencies can give you dementia and peripheral neuropathy (more common
in vegetarians).
Vitamin C deficiency can give you bleeding gums, petechiae (spots), hemarthrosis, poor 
wound healing.
Vitamin D deficiency can give you osteopenia and muscle weakness.
Without Vitamin E you can get hemolytic anemia, ataxia, and peripheral neuropathy.
Without Vitamin K you can bleed more, and get osteoporosis. Basically everything causes 
osteoporosis.
Iron deficiency can cause anemia.
Phosphorus deficiency isn't common, but if you use lots of aluminum-containing antacids 
and you loose phosphorus you'll get muscle pain, loose your energy, and your bones and 
teeth will suffer.
Magnesium deficiency can come from alcoholism, uncontrolled diabetes, too many loop 
diuretics, or just not eating enough magnesium. It can cause headache, arrhythmias, 
muscle irritability, and even seizures.
Zinc deficiency can cause dermatitis, poor wound healing, impaired night vision, 
uncontrolled weight loss (anorexia), diarrhea, and even cognitive impairment. 
Hypogeusia's another weird symptom, where you become unable to taste things.

On the other hand, of course, vitamin toxicity is a big deal. 
Too much vitamin A means hepatotoxicity.
Too much beta carotene will turn you orange, and might increase lung cancer in smokers.
Too much niacin will give you these uncomfortable flushing hot flashes, inflame your liver, 
and maybe increase your blood sugar.
Too much vitamin C usually isn't a problem—it all goes out in your pee, and it's almost 
impossible to overdose on this stuff. But if you're also taking iron, you should pay attention,
because it can increase your iron absorption, and THAT can be a big deal. High ferritin 
levels are associated with coronary artery disease. In that case, it's not Vitamin C's fault, 
it's the iron, but you know, it's good to know.



You can go back to the biochemistry vitamins section on pg. FIXAL to review more vitamin 
deficiencies and toxicities, in more depth.

Sometimes you can help your patient open up to you about food by asking them for a 24 
hour dietary recall, where they tell you all the foods they've eaten in the last 24 hours. You 
can also give them a food frequency questionnaire, or ask for a food diary. Here is a mini 
nutritional assessment Dr. Torres showed us.

end ICS



Yay! Nutrition questions. You can also take measurements of their weight, body and limb 
circumferences, and skin-fold thickness. There's also BMI, which as you probably know is 
pretty heavily debated, and wasn't actually ever intended as a diagnostic tool, but only as 
a measurement of the mass of a total population. Still, it's useful, and over 25 kg/m2 BMI 
usually means the pt is overweight. Unless, of course, they're a body-builder, who might 
also have an intense BMI. Use your brain before putting a person in a category.

Albumin should be above 3.5g/dl (that's a measure of protein) and lymphocytes should be 
below 1,500, again to conserve protein energy. A pt with less than 800 lymphocytes is 
probably severely under-nourished, and a pt with cholesterol under 160 mg/dl is also 



under-nourished.

Of course there's always that “drink more water” and “stop watching tv,” all those 
recommendations. You have to be creative in encouraging lifestyle changes in your 
patients, and it may take a certain positivity and cheerleading that takes a while to 
develop. 

Older folks need special requirements. For water, aim for 30 ml/kg a day for older folks. Try
to make them enjoy good food with flavors and colors. Do ask about alcohol use—don't 
assume older people don't drink! Be careful to avoid restrictive diets that you might put on 
someone who's 30-50, since they need more protein, and they need more liquids. 
Sometimes they'll become discouraged by a restrictive diet, and just not eat, and then of 
course they will not be healthy. Since they tend to have constipation problems, focus on 
fiber! Grains, veggies, fruits, etc. Fruits might be a good way to make them enjoy their 
food, and focus on diet instead of dietary supplements, especially since these folks are in 
more risk of medication interactions.

For kids, fat can be up to 35 percent of total energy intake up until they're 18—especially 
in 2-3 year olds, who need that fat. They'll also eat more carbs, up to 65 percent of their 
total energy, and take a little less protein. Kids 1-3 years old need 6-20% of their diet to be 
protein, while of course muscle-gaining teenagers and running-around pre-teens should 
get between 10 to 30 percent, at least. These are general recommendations, and as you're
probably aware, in many places there's waaay too much fat in children's diets, and faaaar 
too few of those vitamin-filled carbs. Teenagers may have different nutritive goals, as well, 
depending on athletics. Help keep them away from fad diets, especially with young girls 
and concerns of anorexia, but be supportive with protein and carb recommendations if 
they'd like to build muscle or reach a certain performance goal. 

With kids, you've really got a big opportunity to help them develop a healthy body image, 
where all body types are beautiful, and you work out for health, for yourself and your goals,
and not because you're ugly if you're fat. Some people are always going to be a little 
chubbier, and what's important is to prevent the diseases associated with childhood 
obesity—diabetes, hypertension, etc—and to focus on that, not on looking pretty. There's a
school of thought that tries to use peer pressure to force kids not to be obese--”you'll be 
prettier if you're not fat”--but that's actually incredibly dangerous psychologically. Try to 
focus on other goals--”you'll be able to do this sport or that thing if you're this much 
stronger, using these foods”--or talk about disease, not about being ugly. You're walking 
between two dangerous extremes—childhood obesity and a poor body image—and 
focusing on health and achievable performance goals instead of beauty is the way to stay 
on that narrow path. Even little kids can understand performance goals. “You want to be 
strong like superman? Eat this! You want to be tired and sad all the time, and get sick? 
These snacks will clog up your blood-pipes and make your heart not work well, and then 
you won't be able to play or anything. What would you like to do, or become? A firefighter? 
Well, firefighters need strong muscles to break in those doors. Here's what a healthy 
firefighter might eat. Here's what a person who is weak and can't get out of the fire might 
eat.” Lol that last sentence might be a little extreme, but you see what I mean? 
Individualize to the child, not to a sweeping societal generalization of sex appeal. You can 
also get kids excited about vegetables by getting them exposed to gardening and cookies, 
and by cutting veggies into shapes they like.

HALF of pneumonia deaths could be prevented through use of vaccine 
After you've had one dose, before 65, five years later you should have another



Breasts 

Exam Outline

Inspect.

Raise arms, and look for dimpling.

Lower arms, put hands against hips, look for dimpling or retraction of nipples.

Pt lies down, put small pillow under her shoulder under the side you're examining. Look at 
lateral breast.

Have pt keep shoulders pressed down, raise hand against her head, roll hips laterally 
opposite the current breast. Palpate with pad of three fingers, compressing breast gently 
against chest wall. Palpate in concentric circles, or pattern of parallel lines. Vertical strip 
pattern is best technique for finding a lump or mass. 

Now have pt, still lying down, touch her hand to her shoulder, and palpate in vertical strips 
again.

Palpate nipple, looking for spontaneous elasticity.

If pt complains about discharge, compress nipple with one finger inside to see discharge.

Teach pt how to do her own exam. Repeat lying-down exam with standing up.

Inspect armpit with arm raised. Palpate armpit with arm down. Warn pt of possible 
discomfort. Try to find nodes: central, lateral, pectoral. If something's enlarged, look at 
infra-clavicular and supra-clavicular nodes. 

Technique Tips

You can describe lesion locations by clock, or by quadrants.

Have a third party in the exam room.

Recommend monthly mirror exam.

During palpation, you might have to press harder on a thicker breast.

Good exam can be three minutes for each breast.

Easier to check upper-outer quadrant of breast when pt is standing.

In a male breast, if it seems large, check difference between soft fat and gland tissue.

Lateral nodes are along upper humerus. Central nodes are inside the axillary fold. Pectoral
are under the pectoral muscle. Rotter's nodes are nodes between the pectoralis major and
minor muscles. Most of the breast drains toward the axilla. We call level I lymph nodes the 
nodes that are low, lateral to the pectoralis minor; level II middle nodes, the nodes that are 
deep to the pectoral minor; and level III, high nodes, are nodes medial to pectoralis minor. 



That last level III is a little different from the others!

Highest mortality rates of breast cancer are in women 35 years or younger and older than 
75 years.

Tell your patient to conduct her breast exams five to seven days after her menses.

Sometimes you can see cancerous dimpling better if the patient leans forward.

Problems you're looking for: What Means What

Supernumerary nipples: embryologic abnormality, where extra nipples appeared along the 
milk line of lymph nodes.

Round, mobile, non-tender mass in pt age 15-25, usually well delineated, no retraction 
signs, usually firm: Fibroadenoma, a benign tumor of the breast, and the most common 
tumor in young people.

Soft to firm, round, mobile, tender masses in pts 25-50 years old, a mass with liquid in it, 
almost always painful, usually elastic: Cysts, another benign tumor.

Nodular, rope-like thing in pt 25-50 years old: Fibrocystic changes in the breast.

Irregular, stellate, firm, not-clearly-delineated from surrounding tissue, hard mass in pt over
50 that's hard to feel where it ends and the breast begins, doesn't hurt, could be movable 
but often is fixed: Cancer

Redness or thickened skin over prominent pores: peau d'orange

Scaling rash/dermatitis of the nipple/areola, like eczema or a crust: could be caused by 
invasion of skin by cells from a ductal carcinoma, called Paget's Disease of the Breast. 
Look for this and masses in breast cancer.

Skin dimpling, changes in contour, retraction or deviation of the nipple, peau d'orange, 
Paget's: Breast Cancer

Nipple deviation: Breast Cancer.

Atypical ductal hyperplasia: risk factor for breast cancer. Most breast cancer starts in 
ducts.

Breast lump or mass with dimpling, or flattening: a mass that is fixed to underlying tissue, 
like cancer is

Nipple discharge that's galactorrhea, a milky discharge where pt has no prior pregnancy 
and lactation: Could be hypothyroidism, pituitary prolactinoma, and drugs that are 
dopamine agonists.

Clear nipple discharge with no other risk factors: Benign breast abnormality from over-
stimulated ducts.

Very early periods, starting at age less than 12: small risk factor for breast cancer.



Spontaneous unilateral bloody discharge from one or two ducts: Could be an intra-ductal 
papilloma, or invasive ductal carcinoma, or DCIS. The most common cause of bloody 
nipple discharge is intra-ductal papilloma. Think breast cancer if there are enlarged nodes.

Enlarged nodes: think cancer. The central nodes are the most commonly involved in 
cancer.

Bloody discharge in pre-menopause woman: most common cause is intra-ductal 
papilloma.

Bloody discharge in post-menopause woman: most common cause is malignancy.

Bright red breast with cellulitis usually in a young mother who's been breast-feeding, pt 
often has fever: superficial infection of the breast, a mastitis, usually caused by staph 
aureus.

Male gynecomastia: caused by medications, illicit drugs, liver failure, increased estrogen 
after 70 years of age, decreased testosterone. If the pt is young, and doesn't use drugs, he
could have imbalanced hormones in puberty, and you just help him with reassurance.

Breast cancer in men risks: Tumor progression isn't worse or more aggressive, but male 
patients tend to come in later, during more advanced tumor stages.

Ulceration

Asymmetry of direction nipples point

Skin exam techniques 

Don't forget to check nails and the web spaces between the fingers and toes. Also the 
soles of the feet!
Check temp with the back of your fingers, not the front.

Skin exam findings, what means what

Dryness: could be hypothyroidism
Oiliness: think Acne
Sweat: Metabolic problems
Generalized warmth: hyperthyroidism 
Generalized coolness: hypothyroidism
Local warmth: inflammation or cellulitis
Roughness: hypothyroidism 
Smoothness, velvety-ness: hyperthyroidism
When you lift skin up, it stays all pinched: dehydration 
You can't lift and pinch skin up: edema 
Primary lesions: come from previously normal skin 
Secondary lesions: changes from primary lesions, like the next step in “lesion evolution” or
whatever 
Macule: small spot that's up to 1 cm with color change and is flat, like a freckle or a 
petechiae 
Patch: same thing, flat and stuff, but larger than a macule, so more than 1 cm, like cafe au 



lait spots or vitiligo.
Nevus: a very dark kind of macule
Hypopigmented macules and patches: tuberous sclerosis
Elevated, not-flat masses: papules, plaques, nodules, tumors, wheals (ronchas)
Papule: Like a wart, something elevated and firm and circumscribed up to 1 cm in 
diameter. Like in molluscum contagiosum. This is a disease caused by a cox virus, and it's 
contagious. Warts also come from viruses, like HPV. Xanthomas are accumulations of lipid
that are also papules.
Plaques: elevated, firm, rough lesions with a FLAT surface, more than 1 cm in diameter. 
It's like when lots of papules are together, like in psoriasis. You usually see plaques in 
psoriasis. These don't have to be round like papules are.
Nodule: deeper and firmer than a papule, and it's soldi with indistinct borders. It has to be 
larger than 0.5 cm in diameter, and yeah it's basically a solid papule. If it's intradermal the 
skin will move with the nodule, and if it's subcutaneous the skin will move over the nodule. 
A neurofibroma is an example of these. It's subcutaneous.

Tumor: Similar to a nodule, but it's bigger than 2 cm in diameter. This doesn't mean like 
cancer tumor, it's a derm term. A lipoma is a good example of this.

Cylindroma: Is when all your sebacious glands swell and you get these nodules and 
tumors all over like your head or something.

Wheal (Roncha): This is like what you get from an insect bite. It's an elevated, somewhat 
ireregular-ly shaped area with cutaneous edema under the skin. These are pretty solid, 
and often pinker with like a whiter center. You know, like a mosquito-bite. You don't see 
them all the time, like they don't look the same always—that's pretty typical of a wheal. 
These can be induced by cold.

Blistering distal dactylitis is when you've got a huge bulla on your foot that can come from 
streptococcus.
You should just have FCARDs of all the pictures basically derm is just visual stuff.

Cyst: When you've got  raised lesion that has a sac of liquid inside it that you can actually 
palpate.

A fireant bite is a pustule. Bullous impetigo also has pustules that come from 
staphylococci. Basically it's a pustule if there's pus in it.

Staph can also give you pustulosis on the bottom of your feet.

Those were all primary skin lesions. 

Erosions are secondary skin lesions where the bullous impetigo for example starts to 
erode away and you see the dermis under the epidermis. Also if you scrape yourself that's 
called erosion.

An ulcer is if the loss of skin is deepr than an erosion, and you can get risk of bleeding and
scarring, and that's an ulcer. Uclers can come because of leishmaniasis which is a 
parasite, or because of like venous insufficiency, stuff like that.

A crust is when there's serum or pus or blood that crusts over the impetigo or something 
like that. It's when that stuff dries over the surface.



A scale is when you've got a thin flake of epidermis falling off. (Scama) It's like a tiny not-
serious erosion. Dandruff and dry skin and psoirosis causes this. 

Atrophy is also a secondary lesion. It's when the skin is just kind of shrinking away. Striae 
are an example of this. After using corticosteroids some people you'll be able to see their 
blood vessels because their skin shrinks so much.

Scars can be either hyper or atrophic. Fibrosis is when it's hyper-atrophic.

ABCDE: Melanoma. Asymmetry, irregular borders, variation in color, diameter more than 6 
mm, and the thing is elevated (though it could also be flat). You could also get a melanoma
under your fingernail. That's a subungual melanoma. If you see this super-dark streak 
under your nail that could be that.

Sipder angioma is fiery red, up to 2 cm, has a central body with erythema around it and 
rdiating legs, it's puslatile, it blanches when you push on it, and you see it in liver disease, 
pregnancy, and vit b deficiency. Usually you find this on the face, neck, arms, and upper 
trunk.

Spider veins are different. Tehy are blue, and they have all different sizes and shapes, like 
spiders or cascased or lines or stuff, and they're not pulsatile and they don't blanch and 
you see them mostly on the legs and anterior chest. They mean there is more pressure in 
the pt's superficial veins.

Pupura don't blanche.

Make FCARDs of patch versus macule and such



Chapter 14: Pathology

Mortui vivos docent—The dead teach the living.

What is death?
Cellular pathology 

There are many kinds of death.

Necrosis is cell death in a living organism where cells die because they couldn't adapt to 
new situations. It's different than autolysis, which is where a cell dies because its own 
enzymes digest it upon death of the organism, and from apoptosis, which is programmed 
death that happens either because of irreparable DNA damage or because the cell's got a 
programmed “time” to go in its code. So necrosis is death because of disease, or failure to 
adapt, while autolysis is cell death upon death—the cells died because you died. You can, 
in an autopsy, tell the difference because of the kind of liquid seeping through the body. 
When you've got necrosis, you had inflammation or damage of some kind, so the blood 
vessel walls were more permeable, and you get an exudate, leaking both protein and 
fluid. When you've got autolysis, your cells are just dying because you died, and you get 
trans-sudate, where the fluid sweated through or trans the normal blood vessel walls, but 
the protein stays in the blood vessels because they weren't super-open or anything. You 
could also have heterolysis, where enzymes from outside the cell, non-auto enzymes, 
digest the cell.

We got some types of necrosis:
Fat necrosis: What happens in fat. The area becomes really hard and chalky-white, like a 
rock, because it's full of calcium. You can have this in the breast, where it feels like a 
cancer, but when you look at a sample in the microscope it's just fat with nodules. In the 
breast it can happen because of trauma, and in the pancreas because of pancreatitis 
killing the fat around the pancreas. Saponification: lipase and fatty acids and calcium join 
to deposit calcium on the dead tissue. Dystrophic calcification: normal serum calcium and 
phosphate levels in the body, but the necrotic area acts like a nest to collect them. 
Metastatic calcification: high serum calcium or phosphate (like because of 
hyperparathyroidism) collects in normal tissues.
Coagulative necrosis: Think infarct. When there's ischemia, and an organ isn't getting 
enough blood. Increased cytoplasmic eosinophilia: cytoplasm binds to acidophilic dyes 
more as proteins denature. The nucleus disappears, but the cell shape and organ 
structure stay the same. There's usually a wedge-shape area of infarcted tissue that points
towards the place where the clot or occlusion or coagulation happened, the area will be 
pale, or sometimes red if blood flows around the dead area and re-enters in loose tissue 
like testicle or lung. Most frequent necrosis in your body. 
Liquefactive necrosis: Most common necrosis in the brain. It's basically the brain's 
version of coagulative necrosis following an infarct; proteolytic enzymes from microglial 
cells liquefy the brain. Liquefactive necrosis can also happen as the result of an abscess, 
and in that case neutrophils will release the liquefying proteolytic enzymes. This can also 
happen in the pancreas due to pancreatitis, where your pancreas enzymes get trapped 
and start liquefying everything.
Gangrenous necrosis: Looks like mummy tissue, and if dead tissues get extra-infected 
on top of the mummified “dry gangrene,” you'll have liquefactive necrosis, too, which 
makes “wet gangrene” and is kind of bloody-looking and icky. Dry necrosis happens if your
lower limbs get ischemia, and it's also common in your GI tract, and it's where coagulation 
predominates.



Caseous necrosis: Happens in TB. In macro, lots of eosinophils making granular debris 
that's soft, whitish grey and looks like cottage cheese. (Ew) Coagulative and liquefactive 
put together. Common in fungus or tuberculous infections. In micro, look for histiocytes 
and giant cells in layers around a middle bundle, and in the middle bundle you lose cellular
detail and it's just an amorphous blob. All the nuclei in the middle blob are gone.
Fibrinoid necrosis: Vascular, blood vessel wall necroses. It looks kind of caseous, 
because you'll see a central reddish blob and then these streaks of tissue layers around it 
(those are the fibrin layers). Different from caseous because no histiocytes or giant cells 
and the inside has blood. Stains bright pink because proteins like fibrin leak into the vessel
wall. Think malignant hypertension and vasculitis.

Apoptosis can happen through the extrinsic or intrinsic pathway. In the intrinsic pathway, 
some injury or loss of growth hormone or DNA damage inactivates Bcl2. Without Bcl2, 
cytochrome c escapes from prison in the inner mitochondrial matrix. In the cytoplasm, 
sneaky cytochrome c, like an evil robot, activates caspases. Caspases run like couriers to 
turn on proteases and endonucleases. Endonucleases destroy DNA, and proteases 
destroy the cytoskeleton. Endonucleases are like the high-speed enter-and-destroy-
information spies who sneak into the nucleus and kill stuff, and proteases are like the 
pyromaniacs who just burn the world. This is like if someone gets hurt and then gives up 
on life, or someone gets a horrible disease (in this case, DNA damage=mutations) and kills
himself to prevent damage to others.

In the extrinsic pathway, you're dealing with receptors. A FAS ligand sticks to a FAS 
death receptor, CD95. CD95 straight up activates caspases, and gets things going. TNF 
can also bind TNF receptors, and that can also activate caspases. I think of the FAS ligand
or the TNF as kind of like the message a samurai gets from a daimyo (samurai boss) 
saying, “kill yourself.” The samurai absorbs the message (literally in this case), takes it to 
heart, and dies.

It also counts as apoptosis if a CD8 T-cell forces you to kill yourself. It's technically not like 
a daimyo telling a samurai to commit suicide, because it doesn't really work through 
receptors: it's more like your mafia boss shooting you, because the CD8 Tcell releases a 
whole bunch of perforins at the cell it wants to kill. The perforins bust pores in the cell's 
membranes; granzyme gets into the pores and activates the caspases. It's like getting 
stabbed and the poisoned!

Please take note that my metaphors about suicide are just metaphors, and you are not a 
cell, and should not behave like a cell. No apoptosis for you!

So I think we've talked about the main kinds of cell death...you can also get free radical 
injury as a cell. We talked about free radical injury in biochem (pg. FIXAL), but I'll just add 
carbon tetrachloride and re-perfusion injury as examples real quick. Carbon tetrachloride
is a dry cleaning chemical that, if you eat it, goes to your hepatocytes. They turn it into 
CC1 free radicals. CC1 free radicals swell your RER, making ribosomes fall off, and 
messing up protein synthesis. Less protein synthesis means less apolipoproteins for the 
liver, and you start losing function and getting fatty liver. So that's bad. Re-perfusion 
injury is what happens when blood rushes back into an ischemic tissue and burns it. Dr. 
Isidro talked about this a little bit in physiology. The ischemic tissues need oxygen, but all 
the new O2 free radicals can destroy the weak, susceptible, already injured tissue in the 
area. This is why you still get a rise in troponin after an infarction in the heart has been 
cleared up and inundated with blood again—cells are still dying, now because of presence 
of oxygen instead of because of lack, and this is why you don't give oxygen in too high 



concentrations to your MI patients. O2 is a poison. It's just one we happen to use as an 
industrial-level fuel in our cells' factories. (physiology pg. FIXAL)

Inflammation and Immune System 

Acute Inflammation

We already know a lot of this from the immunology section of last year, so you can go 
there (link FIXAL) and review. But here! New inflammation.

For acute inflammation, you need to think innate immunity, with features of edema, 
neutrophils in tissue, 

• tumor (swelling), 
◦ histamine makes endothelial cells contract, leaving gaps between them, 

and now fluid leaks from postcapillary venules 
◦ tissue damage makes holes between the endothelial cells too 
◦ the leakage is called exudate

• rubor (redness), 
◦ histamine, prostaglandins, and bradykinin make arteriole smooth muscle 

relax, which means vasodilation of arterioles, which means more blood 
flow to the area

• dolor (pain), 
◦ bradykinin and PGE make your nerve endings more sensitive

• calor (heat), 
◦ all that blood flow means more heat to the area

• and global fever
◦ pyrogens like bacteria's LPS freaks out your macrophages so they 

release TNF, IL-1, and other stuff, which all go to your hypothalamus. In 
your hypothalamus, perivascular cells have cyclooxygenase (COX) and 
they start using it more, increasing production of other pain and 
inflammation-related factors. Your hypothalamus sets your body at a 
hotter temp to kill the bad guys.

all in response to infection or tissue necrosis. FCARDs: filter inflammation

TLRs, AAs, Mast Cells, and the Complement System are in charge of making this stuff 
happen. TLRs are toll-like receptors on the surfaces of macrophages and dendritic cells. 
They stick to common molecular patterns that you find on most microbes (pathogen-
associated molecular patterns, PAMPs) and when that happens, the macrophages wake 
up. These are like the macrophages' whiskers. CD14 is a TLR that recognizes LPS 
(lipopolysaccharide) on gram-negative bacteria. When the macrophage feels something on
its TLR whiskers it will up-regulate NF-kB. NF-kb is a nuclear transcription factor in the 
macrophage that turns on its “immune response genes,” and then the macrophage will 
start making a whole bunch of chemicals. 

AA, arachidonic acid metabolites, ultimately become chemicals that create tumor and 
rubor and dolor. Phospholipase A cuts AA out of the phospholipid cell membrane. Then 
Cyclooxygenase or 5-lipoxygenase (depending on what you want to make) will add things 
to AA until it becomes what you want. Cyclooxygenase makes prostaglandins, like PGI, 
PGD, and PGE3, which all make your blood vessels more permeable and vasodilated. 
Another prostaglandin, PGE1, helps you feel pain. 5-lipoxygenase makes leukotrienes. 
Of the leukotrienes, LTC, LTD4, and LTE4 all work in anaphylaxis to make your blood 
vessels vasoconstrict and leak and your bronchii spasm. LTB calls and wakes up 



neutrophils to the area. 

Remember the complement system from immunology pg. FIXAL? We had three 
pathways, classical, alternative, and mannose-binding lectin. Classical starts when C1 
binds IgG or IgM which have bound antigens; alternative starts with lots of C3s, directly 
activated by microbes without any C1 intermediates or antibodies; MBL activates the 
complement after binding to mannose on pathogens. All these initial steps ultimately go to 
make C3 convertase, which turns C3 into C3a and C3b to make C5 convertase, which 
now turns C5 into C5a and C5b. C5b meets C6, 7, 8, and 9 to make a round drill—kind of 
like those hole-punch power drills you can buy—called the MAC (membrane attack 
complex) which breaks through membranes of bad guys. Each of the pieces also have 
their own roles, aside from the general pathway: C3a and C5a trigger mast cell 
degranulation in anaphylaxis, C5a summons neutrophils and helps them walk 
(chemotactic), and Ob (another helper, opsonin) helps your guys phagocytose the bad 
guys.

Mast Cells wake up as soon as there's trauma to the connective tissues where they live, 
or when the complement proteins C3a or C5a wake them up. They spit out preformed 
histamine granules, and over time they also help make AA metabolites (especially 
leukotrienes).

You may also hear about the Hageman Factor, Factor XII. These are made in the liver 
and hang out inactive. When they touch subendothelial or tissue collagen, they wake up, 
and they activate the complement system, the coagulation system, and the kinin system, 
too. Kinin breaks high-molecular-weight kininogen (HMYVK) into bradykinin. Bradykinin 
can vasodilate and up vascular permeability like histamine, and it also makes you feel 
more pain.

Neutrophils and Macrophages are the cells that work with acute innate inflammation. 

Neutrophils work in six steps: marginatum, rolling, adhesion, chemotaxis/transmigration, 
phagocytosis, and oxidative bursting. They start out living in your circulation, just floating 
around. Marginatum means as inflammation dilates your blood vessels and the blood flow
slows down, the neutrophils can get to the margins, or the edges or periphery, next to the 
walls of the blood vessels. Rolling means that these neutrophils on the edges start to 
literally roll along the endothelium. It's actually kind of complicated how they don't slip off 
back into the blood flow. Leukocytes have little fuzzy sticky things called sialyl Lewis X on
them. That binds to selectin on the endothelial cells. You've got two kinds of selectin, P 
and E. P selectin is released by Weibel Palade bodies (the storage granules of endothelial 
cells) when histamine triggers them; E-selectin's triggered by TNF and IL-1. (Weibel 
Palade Bodies also release Von Willebrand factor for coagulation) (FCARD:inflammation) 
Glycam-1 and CD34 on endothelial cells also bind to L-selectin during this rolling stage; it's
weird, but L-selectin's expressed on the leukocyte, and the Glycam-1 and CD34 are on the
endothelium cell, opposite of what happens with E and P. 

The next step, adhesion, requires even more little pieces. TNF and IL-1 tell endothelium 
to make more ICAM and VCAM. C5a and I.TB tell neutrophils/leukocytes to make more 
integrins. ICAM-1 on endothelial binds to CD11/CD18 integrins (LFA-1, MAC01), while 
VCAM-1 endothelial binds to VLA-4 integrins, and the leukocyte gets stuck to the wall. If 
you've got an autosomal recessive integrin defect, with the CD18 subunit, you get 
leukocyte adhesion deficiency, and that means you get lots of bacterial infections 
without pus because your leukocytes can't get out into your tissues.



Getting out into tissues is the next step: transmigration through the endothelium, and 
then chemotaxis where the neutrophils follow the yummy smell of IL-8, CSa, and LTB to 
the bacteria they love to eat.

That eating is step five. The neutrophils get help from IgG and C3a, opsonins, which kind 
of “season” their food for them by marking the bacteria and helping the neutrophils bind to 
them. Neutrophils wrap their pseudopods around the bacteria to make phagosomes, and 
then those phagosomes joing lysosomes to make phagolysosomes. If those 
phagolysosomes can't form, you get Chediak-Higashi syndrome. There are really big 
granules in your leukocytes because the granules that come from the Golgi apparatus all 
stick together and don't work like they're supposed to, and the neutrophils die all over, so 
you have neutropenia (not enough neutrophils). This means you can get more pyogenic 
infections, and your platelets have weird granules in them too, so you get defective 
primary hemostasia (you're bad at forming of your first platelet plug when you're bleeding).
This is accompanied by albinism and peripheral neuropathy.

Finally, step 6, you have an oxidative burst where you make a whole bunch of oxygen 
radicals and things that kill the thing that the neutrophils ate. NADPH oxidase turns O into 
O with a free radical electron, and then superoxide dismutase turns that into HO, and the 
HO turns into HOC because of myeloperoxidase (MPO). HOC is bleach. Chronic 
granulomatous disease happens when NADPH oxidase doesn't work—it's either X-
linked or autosomal recessive—and that means that leukocytes just build up a whole 
bunch of stuff inside of them and don't kill it. You get granuloma formation and lots of 
infections of catalase-positive organisms (so like staph aureus, aspergillus, nocardia, 
serratia marcescens, pseudomonas cepacia). If you spray the affected leukocytes with 
NBT dye, they can't turn blue because they can't convert the oxygen in it, because their 
NADPH oxidase doesn't work. Working NADPH oxidase turns NBT (nitroblue tetrazolium) 
blue. You could also get MPO deficiency, where you can't turn HO into HOC, and that 
gives you more Candida infections, but most patients don't really have a problem because 
the first respiratory burst, the H to HO, is just fine. Your leukocytes also have secondary 
granules with enzymes in them that try to kill organisms independent of the Oxygen and 
respiratory burst, but oxygen-independent killing is just less effective. Remember, oxygen 
is the best poison. Lysozymes in macrophages and major basic protein in eosinophils are 
both oxygen-independent.

So that was neutrophils. Remember, in acute inflammation, you have neutrophils 
dominating; in chronic, you have lymphocytes dominating. Subacute means 
neutrophils still dominate, but then you have some lymphocyte action, too. Macrophages 
show up just after neutrophils, with the greatest numbers 2-3 days after inflammation 
begins. They're kind of like your transitional cell.

So before macrophages are macrophages, they're monocytes. Monocytes in the blood go 
through the same margination, rolling, adhesion bla bla bla sequence, but when they kill 
phagocytosed stuff they use lysozymes in secondary granules without oxygen. So they're 
less effective killers. Macrophages are most important for transitioning into whatever next 
phase is necessary. They can help with 

• ending the inflammation, resolution and healing, by releasing anti-inflammatory 
cytokines like IL-10 and TGF-i; 

• they can instead continue acute inflammation by making IL-8 to recruit more 
neutrophils and make more pus; 

• they can help emergency tissue repair turn into fibrosis, by releasing fibrogenic 



growth factors and cytokines that put lots of fibers up around the acute 
inflammation, separating it from surrounding tissue and forming an abscess; 
◦ How to treat an abscess: drain the abscess first, because giving antibiotics won't

do anything if it can't get into the dead area blocked by all those dead 
neutrophils, then clean it, and then give oral antibiotics so that the antibiotics can
get into the whole area without being blocked by dead tissue or skin. Abscesses 
or infections close to the head, that endanger the brain, might require antibiotics 
as strong as Cipro 750 says Dr. Isidro.

• And last but not least, macrophages can continue you into chronic inflammation, 
by presenting antigens to CD4 helper T-cells.

Let us also go ahead, with the macrophages, into chronic inflammation.

Chronic Inflammation

Persistent infections, long-term exposure to toxic stuff, and immune-mediated 
inflammatory disease all cause chronic inflammation. Once it starts, you'll see lymphocytes
and plasma cells in the tissue, which means you get a much more targeted response than 
acute inflammation. Your body's already fought hard, and now it's gonna fight smart.

T lymphocytes come from bone marrow as progenitor T cells, and then go to high school 
in the thymus where they undergo puberty and their T-cell receptors rearrange, and they 
become either women or men: CD8+ cytotoxic T-cells, or CD4+ helper cells. The TCR 
complex is TCR and CD3 and that's what they use to survey antigens, while their other 
CDs help with their special actions. The TCR complex recognizes the MHC molecules on 
other cells: CD4 matches MHC II, which is only on antigen-presenting cells (it's the thing 
that presents the phagocytosed and processed antigen on the surface), and CD8 
recognizes MHC class I, which is on all the cells. To activate the T-cells, you need to first 
bind the antigen and the correct MHC complex, and then one extra signal.

For a helper T-cell, that second signal is the B7 on an antigen-presenting cell. It sticks to 
CD28. Then the activated CD4 drops cytokines that encourage inflammation. TH1 cells 
make Il-2, which makes T-cells grow and activates CD8 cells, and also IFN-gamma, which 
activates macrophages. TH2 cells make IL-4, which helps B-cells switch to IgG and IgE, 
and Il-5, which matures B-cells into plasma cells and helps them switch to IgA and also 
helps eosinophils activate and chemotax, and finally Il-10, which inhibits TH1s. I guess as 
you're switching to plasma cells and antibody-mediated immunity, you don't need CD8 and
macrophages running around and killing things anymore.

For a killer T-cell, the second activation signal is Il-2 from the CD4's helper T-cell. 
Remember MHC-1 expresses intracellular antigens. Like the cells are wandering around 
showing the gut-inspector that their guts are clean. If they're not, the CD8 cell will kill them 
by shooting them with perforin and granzyme. Perforin makes holes in them, and then 
granzyme gets in those holes and makes the cells apoptose. It's kind of like stabbing 
someone and then pouring suicide drugs in the wounds. The killer T-cell can also hold 
hands with people and make them kill themselves. It has FasL, which binds Fas, and then 
activates apoptosis. Killer T-cells are scary, man.

B lymphocytes are born in the bone marrow and then they're home schooled through 
high school—they do their immunoglobulin rearrangements still in the bone marrow, and 
during B-cell-puberty they express surface IgM and IgD. That's why they're nice and shy 
and not all aggressive like the T-cells. We call them naïve B-cells. But eventually they'll 



bind some antigen and mature to secrete either IgM or IgD. After they get excited about 
what they've found, they show that antigen to CD4 helper T-cells. Now they get a second 
activation. That's right, B-cells have a triple-handshake with T-cells: the MHC, the CD28 
and B7 that activates the helper T, and finally the CD40 receptor on the B cell binding the 
CD40 ligand on the helper T cell. That last one is the second activation signal for the B 
cell. Now the B-cell gets Il-4 and Il-5 from the helper T and starts isotype switching and 
such.

There's a kind of chronic inflammation called granulomatous inflammation. We talked 
about this earlier. This is when you get these big lumpy collections of macrophages that 
look kind of like epithelium—epithelioid—because of their big pink cytoplasms. These 
macrophages are called histiocytes, and in a granuloma, there's a bunch of giant cells and
lymphocytes around these histiocytes. You could have a caseating granuloma, where 
there's central necrosis and you're missing nuclei, or a noncaseating granuloma without 
that. Caseating's are common in tuberculosis and fungal infections, and noncaseating in 
sarcoidosis, beryllium poisoning, Crohn's disease, cat scratch disease, and reactions to 
foreign material sticking inside you. You also get granulomas in leprosy and syphilis.

Granulomas form as macrophages find antigens and show them to helper T-cells. Once a 
macrophage touches a helper T-cell, the macrophages makes Il-12, which turns the helper
T-cell into the TH1 kind. “Oh, I found you. Hey, while we're talking about this antigen, let's 
change you into something else!” Remember the TH1 kind made IFN-gamma and Il-2, 
which activate macrophages and promote T-cell growth, respectively. So now the TH1 cell 
has its own makeover ideas. “Okay, you turned me into TH1, how about I turn you into an 
epithelioid histiocyte! Or maybe a giant cell?” So now the macrophages turn into 
histiocytes or giant cells, and you've got a granuloma. In these granulomatous 
inflammations, you'll start with a non-caseating granuloma of deposits—a core of 
activated, epithelioid/epithelium-looking macrophages (histiocytes) surrounded by 
mononuclear lymphocytes and plasma cells, and a few giant cells outside. The very, very 
center, inside the core of epithelioid macrophages/histiocytes, is neutrophils. Neutrophils 
are actually there first (because, as you know, neutrophils show up before macrophages 
do). You need macrophages to form the granuloma, but the neutrophils were there first. 
There's usually a fibroblast or a macrophage outside this cluster-freak of stuff, sending out 
cytokines to direct this battlefield. Then over time, as the cells in the center die because of 
the neutrophil battle, you get a caseating granuloma, or as we talked about earliest, 
caseating necrosis. You can tell the difference on slides quickly because a caseating 
granuloma will not have nuclei in the center: the nuclei all die. In a woman's endometrium, 
you pretty much never get a caseating granuloma, because she menstruates and washes 
out all the dead cells before they develop. Whenever you see a caseating granulomatous 
inflammation in your patient's biopsy, you ask for acid-fast stain to check for bacilli, and 
silver stain to check for fungus. Dr. Isidro doesn't like blue counterstain with red acid-fast 
because it makes a purple on a blue background which is hard to see, so he uses green 
counterstain with his acid-fast.

So these are some pathogens that cause granulomatous inflammation:

M.Tuberculosis are acid-fast positive bacilli that cause tuberculosis. They make a non-
caseating tubercle first. Again, that's a bunch of epithelioid cells with fibroblasts, 
lymphocytes, histiocytes, and langhans giant cells all around them. That eventually 
becomes a caseating tubercle that loses celullar detail until its an amorphous granular 
debris mess.



M. Leprae is an acid-fast positive bacilli that moves in to live in the macrophages and 
makes non-caseating granulomas starting inside them. That's leprosy.

Syphilis is caused by T. pallidum, which makes gummas. Gummas can be microscopic, or
macro, and they're like these purple dark circles surrounded by lighter purple rings. The 
outer wall is histiocytes, you've got plasma cells throughout, and the innermost cells are 
necrotic, but they still have cellular outlines.

A gram-negative bacillus called Bartonella hensellae can cause cat-scratch disease, 
which not surprisingly you might get from a cat scratch. These granulomas can be round 
or look like stars. They have recognizable neutrophils in them, and not a lot of giant cells.

What are some problems you can have with your inflammation and your immune 
system?

You can have primary immunodeficiencies. 

Digeorge syndrome is a primary immunodeficiency where there's a 22q11 piece missing 
on your chromosomes, so your third and fourth pharyngeal pouches don't form right, and 
you don't make a thymus, or parathyroids. That means no high school for T-cells! You'd be 
able to deal with acute infection to some extent—because the innate immune system is 
still working—but without adaptive immunity you can't really clear anything out long-term. 
You also have low calcium, because there's no parathyroid PTH to raise calcium in your 
blood, and that can make you have convulsions. Since the third and fourth pouches also 
help the great vessels of your heart form you might have cardiac abnormalities, especially 
tetralogy of Fallot. These patients will also often have cleft palates. You'll take care of 
these patients by treating each individual thing: heart surgery for the heart and face, 
lifelong vitamin D and calcium supplements for the convulsions, and lots of antibiotics for 
bacterial infections. Some folks with very special DiGeorge syndrome can get thymus 
transplants.13

SCID (severe combined immunodeficiency) is a primary immunodeficiency that locks 
your patient in a bubble if you can't replace his or her immune system at a young age. 
Bacteria, fungi, viruses, vaccines, protozoans—basically everything that wiggles will kill 
these patients. That's because they don't have MHC II, ADA, or cytokine receptors. 
Without the MHC class II, the helper Ts can't get activated, and without the cytokine 
receptors working all the B and T cells are flying blind! What's ADA? Ada's adenosine 
deaminase, and it normally deaminates adenosine and deoxyadenosine (surprise 
surprise). Why does that matter? Because adenosine and deoxyadenosine are poisonous 
to your lymphocytes! So without ADA to help you process and excrete these poisons, your 
lymphocytes die. You treat these patients either by keeping them isolated, or by getting 
them early stem cell implants. (That's adult, not embryo stem cells—for obvious reasons 
embryo stem cells come with terrible rejection, which is another reason, out of hundreds, 
that we should fund adult stem cell research instead14). If you can identify SCID early, and 

13 http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1885498/ Blood. May 15, 2007; 109(10): 4539–4547.
Prepublished online Feb 6, 2007. doi:  10.1182/blood-2006-10-048652 PMCID: PMC1885498 Transplantation: Review of 

54 patients with complete DiGeorge anomaly enrolled in protocols for thymus transplantation: outcome of 44 consecutive transplants
                  M. Louise Markert,1,2,7 Blythe H. Devlin,1 Marilyn J. Alexieff,1 Jie Li,1 Elizabeth A. McCarthy,1 Stephanie E. Gupton,1 
Ivan K. Chinn,1 Laura P. Hale,5,7 Thomas B. Kepler,3,4 Min He,3,4 Marcella Sarzotti,2 Michael A. Skinner,6 Henry E. Rice,6 and 
Jeffrey C. Hoehner6

14 Long story short, adult stem cells have been used to fight cancer, regenerate new heart tissue, heal SCID patients, 
regenerate nerves, rebuild a woman's wind-pipe, heal a woman who had been paralyzed for 19 years, grow livers 
from scratch to reduce the need for human and drug testing, fix broken skulls, repair skin, and on and on and on. 



make the stem cell transplant as early as possible, you can save the patient.15

X-linked agammaglobulinemia 

End pathology

I thought this would be a good place to talk about amyloidosis, since amyloidosis is chronic
and sometimes associated with inflammation. Amyloidosis is when misfolded proteins get 
dumped outside cells, clogging and tangling up tissues. A lot of time you'll see these 
proteins deposited as beta-sheets, and they stain with congo red and apple-green 
birefringence under polarized light. Systematic amyloidosis comes in two types: primary 
and secondary. Primary happens when light chain immunoglobulins misfold and deposit 
everywhere (plasma cell dyscrasias, multiple myeloma) as AL amyloid. Secondary is when
a chemical that's more common in chronic inflammation, SAA, turns into AA and deposits 
everywhere. FMF, familial mediterranean fever, is an autosomal recessive problems with 
your neutrophils (more common in Mediterranean folks), where they help you deposit lots 
of SAA as AA in your tissues and you get fever and serosal inflammation that acts like 
appendicitis, arthritis, or myocardial infarction. Those are all sucky things, so FMF sucks. 
Systematic amyloidosis most commonly hits your kidney (nephrotic syndrome), and then 
can also cause restrictive cardiomyopathy or arrhythmia and make your tongue and spleen
and liver all big, and you have malabsorption. You can diagnose this with a biopsy from 
people's fat pads or rectums, and you have to transplant any damaged organs. Localized 
amyloidosis is stuff like Alzheimer's, which is only J-amyloid in your brain, possibly 

Embryonic stem cells have thus far failed to provide one single concrete cure that did not come with side effects. If 
you'd like to know more about adult stem cell research, and how useful it is compared to the disaster that is embryo 
stem cell research, you can read the references listed here http://creation.com/stem-cells-and-genesis#r1 Should 
open up a list of about 42 articles, or you can read the article above the references instead, but hey. It's better to be 
thorough, and as a medical student I'm sure you'll prefer the straight science to the commentary. 

You're still here? Well then, I thought I'd mention: some Parkinson's patients saw improved symptoms with 
embryonic stem cells, but then they had severe adverse effects (New England Journal of Medicine vol 344, p 710) 
that in some cases included worsened tremors, making patients miserable—compared to a case study of Parkinson's
treated with adult stem cells who saw no negative effects. (Pagan, Sylvia. Re-implanted stem cells tackle 
Parkinson's, in The New Scientist, 16:35 08 April 2002 http://www.newscientist.com/article/dn2139-reimplanted-
stem-cells-tackle-parkinsons.html#.VB3wQxbDKy0 ) Embryonic stem cells also caused tumors in the brain and 
spinal column of a Russian boy (US News and World Report: Health. Tumors Linked to Fetal Stem Cell Transplant.
Feb 18, 2009 http://t.co/DYzeFZ2nbz) and while many embryonic stem cell damages are isolated cases, they begin 
to look frustrating when you compare them to the myriad safe advances adult stem cells have made. Even just basic
knowledge of embryology and biochemistry should make it relatively easy to grasp the ridiculously high risk of 
rejection involved with using embryonic stem cells, and the health dangers that kind of rejection can cause for your 
patients. I ask you: now that adult stem cells have been made multi and in some cases even almost pluripotent, what
is the point of using any much more expensive tissue that we already know comes from a genetically completely 
different individual? In animals and humans, embryonic stem cells cause cancers, rejections, and so far have failed 
to cure a single disease without negative effects, because embryos are genetically unique, individual life-forms that 
do not belong inside your body outside of pregnancy. This doesn't even get into the ethical considerations with 
embryonic stem cell research, which we won't talk about right now.* Right now, just know that ESCR does not cure
SCIDs, but adult stem cells do, and that's the story for many, many other disease. In a world where funding for 
science is competitive, we need to stop wasting money on hyped-up heavily-lobbied pop-sci, and focus on paying 
for real cures with real results. 

(*Chai Tea Question. What are the implications of destroying a genetically-unique, individual life-form with Homo 
sapiens DNA, for the sake of curing another genetically-unique, individual life-form with Homo sapiens DNA, 
when the only inherent biological difference between the two is age?)

15 See old stem cell experiment in Stuff of miracles, New Scientist 174(2337):7, 6 April 2002, and also, more recently in 2014,
see Norton, Amy. Early Stem Cell Transplant Vital in 'Bubble Boy Disease.' from medicine.net 
http://www.medicinenet.com/script/main/art.asp?articlekey=179782



because of the 5-APP gene on chromosome 21, or like non-insulin-dependent diabetes 
mellitus type II, which is when insulin-derived aniylin deposits in your pancreas. If 
microglobulin deposits in your joints, that's dialysis-associated amyloidosis, and if you get 
medullary carcinoma of the thyroid, you can get calcitonin deposits in the tumor that look 
amyloid. Senile cardiac amyloidosis happens when transthyretin deposits in your heart, 
and usually that doesn't do anything bad to you—it's there in about 25% of the people over
eighty. If mutated transthyretin deposits in the heart, though, you can cardiomyopathy 
called familial amyloid cardiomyopathy (about 5 percent of African Americans carry that 
mutation). Basically localized means it's localized to one organ.

Tissue Repair & Regeneration

Repair is when you have scar formation and fibrosis; regeneration is when you get the 
same tissue back that you had before the injury. Fibrosis comes with chronic inflammation,
because you have so much damage over time that the body is scrambling to repair. 
Fibrosis is kind of like the body's duct tape. It doesn't know how else to fix something, so it 
just throws down some fibers that stick to everything. But you lose elasticity and function.

EGF—epidermal growth factor
transforming growth factor alpha 
heparin-binding EGF 
hepatocyte growth factor/scatter factor 
vascular endothelial cell growth factor 
platelet-derived growth factor 
fibroblast growth factor 1 (acidic), 2(basic), and family 
transforming growth factor beta 
keratinocyte growth factor (KGF or FGF-7)
tumor necrosis factor

end pathology

Neoplasia

Medical Autopsy

“In the autopsy, you're writing the last chapter in the life of that patient.” --Dr. Isidro

The autopsy doesn't always tell you how the patient died, and you have to understand 
those limitations: sometimes a heart event that kills the patient in less than an hour won't 
leave enough ischemia to show you clearly how they died. But. You should try to go see 
one.

It's kind of neat to hear about the real life aspects of doing an autopsy. Everything has a 
different smell, says Dr. Isidro—blood, necrosis, autolysis—and you start getting used to 
different smells for different areas of the body. The worst, he says, are the ones that come 
from the sea or deaths in the tropics or hanging out in the woods after days—the ones 
called “decom” which have been dead for a while—they smell so bad finishing one can 
make some pathologists sick for a week. On the other hand, he's got a colleague who 
does them no problem. The minimum amount of tissue you need to do a forensic exam 
gets smaller and smaller with new technology, so that now you can use micro-liters of 



tissue to find out causes of death.

When you're doing an autopsy, you check first for the permission form, and the toe-tag, to 
make sure you've got the right person and the right to open them. He tells a story about 
two or three cadavers with the same name, and how easy it is to accidentally almost open 
up the wrong cadaver: “you should double-check all the way up to the name of the 
secretary who logged the entries,” he jokes, to prevent mistakes. Look at the other 
cadavers and check their toe tags even if you think you've got the right one. Patients will 
also come in with a whole bunch of paperwork—“the one that takes the cake for me,” he 
says, “came with two carts full of paper.”

You have two big saw-things—one of them, a striker saw, was invented by Cushing, btw—
a few knives, and some scissors. You don't need a lot to do the autopsy, says Dr. Isidro. 

You start with your external examination, checking for asphyxia marks, strangulation 
marks, ulcers, splintering along the fingertips, puncture sites, and everything else, marking
down on your diagram where you saw everything. You'll use a microscope to look under 
the fingernails, but most of the exam is macroscopic. Write down everything, even eye-
color: Dr. Isidro once caught life insurance fraud because the cadaver had hazel eyes, 
while the person it was supposed to be had brown. 

Here Isidro says something really interesting. If you appreciate truthfulness, and you care 
about law and order and justice, he said, never tell people about the techniques that you 
use to search for criminal activity in the autopsy. Don't tell people about the toxicology 
tests you do, or the tiny tell-tale signs of trauma that criminals will then try to hide. Some 
stuff is classified to your profession. 

So, incisions. A correct Y incision goes from the point of the shoulder to the inferior portion 
of the shoulder, and then down to the symphysis pubis. This is better for the autopsy than 
a trauma incision from the base of the neck down to the symphysis pubis, because then 
the neck isn't mutilated for when they later go into the casket. In trauma centers, in horrible
horrible emergencies, they'll sometimes do an incision from the base of the neck all the 
way down so they can open and try to save the person. When you see that, that's not an 
autopsy incision. Autopsy incisions always try to save the face, at least in the US, so you 
don't cut from up at the point of the chin like you'd do with a frog dissection or something. 
Dr. Isidro tries to close up everything in a respectful manner, because, he says, that's his 
contribution to the psyche of the family. So when you want to look at the neck and larynx 
and pharynx, instead of cutting the neck skin, you reflect it, with your Y-incision, up over 
the face. That looks like it's really tough to do. 0_0

When you're doing autopsy incisions you do need to do big cuts to make it easier to 
access all the organs. It's not like surgery, where you want to just take little cuts so your 
patient can go ahead and wear a bikini without scarring. What about if the body's charred? 
You can still do these incisions, and even though the outside won't come off nice, and it'll 
come off like nasty barbecue, but the inside will still tell you lots of things. Sometimes 
killers will try to burn a body to hide a murder or a shooting, but it's common knowledge 
now says Dr. Isidro that you can still see inside where someone's shot your patient.

Once you've opened the patient, you can tell some things just by looking. The bright yellow
of fat tells you it's well oxygenated, while a brownish fat tells you they had hypoxia. You 
only have a minute or two, one shot at seeing the abdominal cavity and evaluating things 
like that before it starts to fill up with blood from the cut you made. Adrenal glands in 



particular autolyse really fast and become useless if you don't cut them up and fix them 
first. You fix them, like everything else, in 10 percent formalin, which penetrates the tissue 
at one millimeter per hour, trying to keep as little blood in the organ as possible, since 
blood interferes with the fixing. The problem with adrenals in particular is that their medulla
may autolyse before the formalin's penetrated, so you just have to be as fast as you can.

For the rest of the internal organs, the Rokitansky method was to cut connective tissue, 
from the top of your incisions and from around the larynx and pharynx, down to the 
diaphragm, cutting it away from the body wall, and all the way down to the pelvic floor, so 
you take out all the organs in one big block. This method's still usually used by medical 
examiners. For legal autopsies, you often use the Virko method, the method of 
Rokitansky's disciple, which is to take out organs in their own blocks—a block for lungs 
and heart, a block for intestines, and so on. (These two guys, Rokitansky and Virko, really 
pioneered pathology)

When you look at the heart, you first open it from the top like a book, so you can see all 
the valves, and then you slice the ventricles from the bottom horizontally across the septa 
so you can see the inside and the divisions. You can check for segmental diseases and 
very specific areas of damage this way. If you see something weird, as a medical 
examiner, you'll take that segment to the microscope, but if you don't see anything as an 
examiner you'll usually be done after macroscopic exam of the heart.

For the lungs, teaching hospitals will inject the lungs with formalin at pressure, and they'll 
expand and you can use them for studies. Dr. Isidro showed us these white lungs, and told
us that you almost don't see them like this anymore—totally clean, normal lungs from out 
in the country with clean air—and compared them to black lungs from someone who lived 
in the city. The difference was pretty staggering.

For the liver, the smaller the slices the better you'll find disease. Two millimeters is way 
better than five. You can quickly see trauma, chronic disease, and tumors at a glance.

For the kidneys, Dr. Isidro showed us a picture of two kidneys, still connected to the aorta, 
and ureters and the bladder, with some weird thing hanging down near the bladder looking
like a kidney. The kidneys were super-small, and the thing below was bigger. That, he said,
was a transplant patient's end-stage dying kidneys and a transplant that failed. Sometimes
they'll ask you USMLE questions to diagnose that. Sometimes you'll see a horseshoe 
kidney, where both kidneys are fused, and they're usually functional, but unfortunately 
they're associated with much more serious malformations in other organs, sometimes 'cuz 
of a chromosomal disorder like Turner's or Trisomy 18.

With the stomach, you cut it open like a book and you can tell what the patient ate most 
recently, how the mucous is, and so on and so forth. Sometimes in a legal autopsy this will
end the case. 

When you get to the colon and intestines, you'll often see a lot of little balloons, which are 
diverticuli. Lots of people have them without a problem, but if they get infected and closed, 
you can get diverticulosis, and you can get sepsis and the patient can die. In the appendix,
you can tell if something's a neuroendocrine tumor because it's yellow, different from other 
tumors. 

In the back, you have to use the striker saw to get into the middle of the column and look 
for tumors in the neural tissue.



When you look at the head and the brain, Dr. Isidro says it's best to try to make the coronal
incision as far back as possible, again to spare the face and everything else. Then you flip 
the skin over the face, and down, and go layer by layer looking for things. Pliers are the 
best way to get membrane off of the bone. Be careful when you cut the brain from the 
medulla, because it falls right away, and if it falls it can break and shatter and that sucks. 
They used to collect the pituitaries from all the patients and send them to pharm 
companies to isolate hormones, but now that carries risk of HIV and other stuff and we 
synthesize the hormone instead. You have to let the brain fix for two or three days to fix it 
well.

It's really optimal to leave all your tissues at least overnight before you look at them 
microscopically. Every lesion needs microscopic examination, and then for non-lesioned 
tissue, based on experience you'll cut what you consider a representative sample of the 
organ. You wash formalin off, and fix every sample with a routine hematoxalin/eosin stain. 
Hematoxalin stains the nucleus, and eosin stains cytoplasm.  

Then, when you're done, about a week you've finished the microscopic part, you'll write 
about 8-10 pages of everything you found, with a CPC—clinical pathological correlation—
at the end. Then you turn in a certificate of death. A medical examiner importantly wants to
find out if the death was natural, for suicide, or via criminal means. Dr. Isidro tells of a case
where the black sheep of a family returned to the family for a wedding and started fighting 
with his brothers. His brother stabbed him, and he fell down dead. They stopped the 
wedding, detectives came, and it was a big mess—but the autopsy found deadly levels of 
alcohol in the dead man's system, and it turned out he'd arrived hallucinating, and dropped
dead from the alcohol poisoning. The knife didn't kill him.

So wow, yeah. Autopsies!

“My desire to be well-informed is currently at odds with my desire to remain sane.”--David 
Sipress.

Heart and Cardiovascular system

Hemodynamic Disorders, Thrombosis, & Shock

Vasculitis, Aneurysms, Lymphatic Disorders

Normally, as your blood flows along and injures your endothelium, it releases growth 
factors, vasoactive mediators, adhesion molecules, and anti-coagulants to stick itself back 
together, thin the blood to avoid future injury, and otherwise make itself repair. When this 
process goes wrong, endothelium also releases cytokines and pro-coagulant molecules 
instead, causing local inflammation, clotting, and intimal thickening (which stiffens the 
wall). That's pretty much what happens in atherosclerosis. You can go now.

Okay, but, for real, when we talk about generalized vasculitis—inflammation of the blood 
vessel wall—we don't actually know the mechanism as nicely as we do in atherosclerosis. 
Patient will seem like they have general inflammation, with symptoms like fever and weight
loss and fatigue and pain, and you as a doctor might be most worried about organ 
ischemia. The inflamed vessels have narrowed and cut off blood flow to some organs. You 
divide vasculitis into large-vessel, medium, and small vessel.



Temporal Arteritis is a kind of large-vessel vasculitis that usually hits the carotid artery in 
women over fifty. Your patient comes in for a headache because of lessened blood flow in 
the temporal artery, or visual problems because of limited blood flow in the ophthalmic 
artery. That's going to come with pain in her jaw or ear while she's eating (jaw claudication)
and maybe some joint/muscle pain (polymyalgia rheumatica). Erythrocyte sedimentation 
rate, ESR, is a study you can do to test for inflammation by seeing how fast blood cells 
sediment out of blood (which tells you how many pro-coagulative and pro-inflammatory 
things are in that blood). In temporal arteritis, ESR will be up. Over time, the opthalmic 
artery can become so shut that the patient goes blind. To diagnose this, you have to take a
biopsy of a long segment of vessel, but because the injury is segmental—might be only in 
one ring of the carotid artery—if you don't find the lesion that doesn't mean it doesn't exist. 
You'll see giant cells and intimal fibrosis in the blood vessel wall in a positive biopsy, but 
not like lipids and stuff because this is mostly a granulomatous vasculitis. Treat with 
corticosteroids.

Takayasu arteritis is another large-vessel granulomatous vasculitis that attacks the aortic 
arch where it branches, and usually hits young Asian females younger than fifty. It's called 
a 'pulseless disease' because in upper extremities there's so much blockage you can't get 
a good pulse. These ladies will also come in with visual problems and neurological 
problems, and their ESR is also up, and you treat them with corticosteroids, too.

Polyarteritis nodosa is a medium-vessel vasculitis where multiple organs get hit (not the 
lungs though) as the blood vessels straight up necrotize. Young adults will come into you 
with hypertension from the renal artery's shrinkage. Damage to the mesenteric artery will 
cause abdominal pain and dark sticky poop with partly digested blood in it (melena). 
Damage to blood vessels going to the brain cause neurological problems. And they'll also 
have skin lesions. The surface antigen of the hepatitis B virus might be part of the cause of
this. (Most vasculitis-es are caused by either just an immune system problem, or some 
kind of antigen or virus.) When you look on your imaging for diagnosis, you'll see like a 
string-of-pearls in the blood vessel (that's why it's called nodosa) where there's been 
lumps of necrosis, and then healing with fibrosis. This will kill you if you don't treat it. 
Massive organ failure, and so on. You need to give corticosteroids and cyclophosphamide.

Kawasaki Disease is a medium-vein vasculitis that hits Asian kids under four years old. 
The inflammation is nasty in eyes and hands—they'll come with conjunctivitis and 
erythematous rashes (reddish rash) on their palms and soles. When you touch their 
cervical lymph nodes you'll find them enlarged, and the kids will usually have fever, too. 
The inflammation may aim at the coronary arteries: this is the leading cause of heart 
failure in kids, with risk of thrombosis and MI and aneurysm, just as if they had 
atherosclerosis. You treat them with aspirin and intravenous gamma globulins (IVIG). 
According to Medscape,16 IVIG inhibits the membrane attack formation of the complement 
system (C5-C9) and also lowers levels of C3b.

Buerger Disease is like Kawasaki just for your fingers, only it hits smokers. Your patient 
comes in with ulcers and gangrene and maybe even his fingers and toes might fall off. His 
blood flow might slow dramatically in a lot of places when he gets cold or stressed 
(Raynaud phenomenon), more so than normal (that's not the pathology of the disease, it's 
just a hyper-sensitive phenomenon you see with the other symptoms). This is usually 
associated with of heavy smoking, and treatment is getting your patient to stop.

16 http://emedicine.medscape.com/article/210367-overview



There's a small-vessel vasculitis caused Wegener Granulomatosis or Granulomatosis 
with Polyangitis. You look for necrotic granulomatous lesions in the nasopharynx, lungs, 
and kidneys. Usually you think you'll see a middle-aged male with sinusitis or 
nasopharyngeal ulcers. He'll cough up blood, with nodes infiltrating both lungs, and 
hematuria that quickly becomes glmeroulonephritis. You diagnosie this with serum c-ANCA
levels. In the biopsy, look for big granulomas, all necrotized, with necrotizing vasculitis 
nearby to the granulomas. It gets so bad sometimes that the patient will get necrotic nasty 
red lesions like on their face growing out from their nasopharynx. It's awful. But you can 
treat it with cyclophosphamide and steroids. Chai Tea Break!

Chai Tea
There's a movement not to say Wegener, because the man who dealt most with this 
disease was a Nazi doctor who worked with Hitler, so people say granulomatosis with 
polyangitis instead. It's an interesting ethical question—almost as if we're saying that 
because someone is evil, they can never do anything good, and any small redemptive 
good they ever did should be taken away. (That's kind of like what Jesus said about the 
man who didn't use his talents for good, that “he who has will be given more; he does not 
have, even what he has will be taken away from him.”) Part of the movement is also 
geared towards the idea that victims of the Holocaust should not have to even remember 
or hear about the evil people who mistreated them, especially not in the context of 
something safe like medicine. 

Question. It is right to take away from someone the one good thing they ever did? 
I'm sorry to reference Linkin Park—everyone's closet-emo high-school shame band = P—
but there's a song they have called “Leave Out All The Rest,” where the singer begs that 
you forget as much of his evil as you can when he dies. It's worth a listen, and I identify 
with the feeling, but I'm also of the opinion we should never forget evil, and evil people, 
because then we allow the same actions to crop up again. So. If we eliminated Wegener's 
name from the disease, would we even be having this conversation right now? Would I 
remember his evil, if I didn't know his small good? Can forgetting his name, out of 
revenge, actually backfire and cause me to forget an important part of the Holocaust (ie, 
the abuses performed by the Nazi doctors)? Is this a question of mercy versus justice—
granting a shred of humanity to a man who sold his soul, in the understanding that we 
could all go that way too—or is this a question of forgetting a complicated and horrific 
period of history in interests of the comfort of 'I-don't-want-to-think-about-it'? I don't know. I 
like Granulomatosis with Polyangitis better. But is that because I'm avoiding the reality of 
human complexity that I hear in the original name?

Then again, eh. It's just more descriptive to say Granulomatosis with polyangitis.

Microscopic polyangiitis is 

Churg-Strauss syndrome is 

Henoch-Scheinlein purpura is 

Monckeberg medial sclerosis is when calcium deposits in the media of the muscular part
of arteries in people older than 50 years of age. Arteriolosclerosis is when you only affect
your small arteries and arterioles.

We talked about the pathogenesis of atherosclerosis, one of the major kinds of vessel 
inflammation, on pg. FIXAL of pathophysiology. Atherosclerosis looks different than other 
vasculitis-es because it has lots of lipid, in addition to the ECM/collagen/fibers/fibrosis, and
the cells (macrophages, leukocytes, foam cells). Atherosclerosis is more prominent near 



the origins of major branches, so in descending order, it's most likely to affect the coronary 
arteries, then popliteal arteries, internal carotid, and last most common in the vessels of 
the circle of willis. The abdominal aorta is more at risk than the thoracic aorta. FCARD: 
pathology: vessels

Atherosclerotic aneurysms happen most often in the abdominal aorta, and then after that 
the common iliac arteries, the arch, and descending parts of the thoracic aorta. Usually 
this happens under the renal arteries. Remember, in atherosclerosis, the aneurysm 
happens in the distal aorta. In tertiary syphilis, the injury is RIGHT NEXT to the heart. 
You'll see this huge-ass vessel that's like almost as big as the heart, so big that it makes 
the aortic valve basically open, and basically the aorta looks like a shrimp with its head cut 
off. The head is the heart, and thick aorta curves over and the tail gets narrower and 
narrower as you go away. The vasa vasorum are the little blood vessels that feed the 
blood vessel wall, and in syphilis those get injured, too, which makes the aorta look all 
wrinkly and funny. The worst kind of aneurysm, an aortic dissection, can also happen 
because of pregnancy, but Dr. Isidro says he's never ever seen that happen—usually 
these aneurysms come from atherosclerosis.

So, fun fact. When you do angioplasty you enter through extremities, depending on the 
conditions of the arteries, and if the patient moves a lot while you're working, he might get 
a small false aneurysm where the blood flows inside the leg outside the vessel all the way 
down to the patient's toes or whatever, but isn't actually loose in the ECF. The vessel isn't 
really burst, so it's not like bleeding everywhere because there's a thin layer of 
extravascular connective tissue over the hole keeping the blood in, but the blood is like 
stuck in the blood vessel wall instead of flowing in the vessel. It's like a hematoma, like a 
putty-build up of blood outside the blood vessel. In atherosclerosis, you might get a false 
aneurysm, too, instead of a real aneurysm.

Did you know the guy who developed the surgeries for aortic aneurysms said that, if one 
ever happened to him, he didn't want to be operated on? His students happened to be 
there when his happened, though, and they took him away and operated anyway. The 
hospital was super-freaked out (“we're gonna get sued...”) but after they finished, he said 
one word: “Thank-you.” 

That guy, Dr. DeBakey classified aortic dissections into three kinds. One that is both the 
ascending and the descending aorta is a Type 1, one that is only in the ascending aorta is 
the Type II, and one that is only in the descending aorta is the III. Radiopaedia.org is a 
good site you can use for pictures of these. An aortic dissection will come with sudden, 
excruciating pain that radiates to the back (usually starting in anterior chest, the pain) and 
moving downward. Common cause of death: rupture out into one of the three body 
cavities. Basically once the artery tears, it'll continue to split. Agh!

Testosterone tends to up blood pressure, and that tends to increase the injuries to the 
blood vessel wall. When women go into their reproductive ages, estrogen helps to keep 
their blood pressure down and try to take care of their blood vessel walls so they can live 
to have babies; once menopause happens this protectivity goes away. 

Another gender difference: in men, thrombophlebitis most commonly forms thrombi in the 
deep veins, while in women they mostly form in the pelvic veins.

Put Glomangioma FCARDs in from pictures in ppt



Congestive Heart Failure & Myocardial Infarction

A-NP natriuretic peptide causes vasodilation, natriuresis, and diuresis when the atria 
distend and secrete it.

Now to find reno-vascular hypertension the MRI is the diagnostic tool of choice—used to 
be the beta-capti-something test

pheochromocytoma can cause paraoxysmal hypertension , acute, fast rise 

Hypertension 

Hypertensive heart disease can be systemic (left-sided) or pulmonary (right-sided). Usually
we talk about left-sided—that's the one that we consider essential hypertension. Right-
sided is rare, and it's more of a respiratory problem. It's also called Cor Pulmonale, and it 
may attack you more often if you have COPD, interstitial fibrosis, cystic fibrosis, 
bronchiectasis, or pneumoconioses, and other disorders that affect your chest movement 
like kyphoscoliosis, obesity, and neuromuscular diseases. Things that make your 
pulmonary arteries constrict also give you pulmonary hypertension: metabolic acidosis, 
hypoxemia, chronic altitude sickness, obstruction to major airways, and idiopathic alveolar 
hypoventilation. Right-sided hypertension comes with right ventricle dilation instead of left 
ventricle dilation, and we'll talk about it more when we talk about lung problems. Here we'll 
talk about left-sided.

Systemic hypertension (HTN) is pressure over 140/90 mmHg in an adult. Normal blood 
pressure is less than or about 120/80mmHg. Primary HTN is when the person's problem is
hypertension, and that's it, so usually we don't know what causes it. Unfortunately, that's 
90-95 percent of cases (90-Isidro, 95-Pathoma): we only know the cause, and find HTN 
secondary to some etiology we can identify, in about 5-10 percent of cases. 

Among the top killer-diseases of the US, from cancer to hypertension, you can find a few 
common denominators: nutrient deficiencies, inflammation, oxidation, and cell starvation.

Valvular Diseases

Stenosis is when the valve doesn't open completely; insufficiency is when the valve 
doesn't close completely; and functional regurgitation is when the ventricles or leaving 
arteries are dilated and liquid keeps flowing back through them. Aortic stenosis is usually 
caused by calcification of normal valves, or congenital bicuspid-ness. Mitral insufficiency is
usually caused by myxomatous degeneration leading to prolapse (myxomatous means 
there's abnormality in the connective tissue). Mitral stenosis usually comes from rheumatic
heart disease, and aortic insufficiency from an ascending aorta that's dilated because of 
hypertension and aging.
FCARDs

Calcific aortic stenosis is your most common valve problem, and you'll see the free 
edges of the valve are normal, but there are a bunch of calcified masses in the cups of the 
valves that make them stiff. You get left ventricle hypertrophy as the heart works really 
hard against the shut valve, and fifty percent of patients who have angina (chest pain) with
this condition may die in a year. 1.4 percent of live births will have bicuspid aortic valves, 
and that's also stenosis.



Mitral annular calcification happens in women over sixty, where a fibrous ring (annulus) 
builds up around the mitral valve, and even though it doesn't cause as many heart 
problems per se, like heart failure and stuff, it can cause instantaneous death because the 
build-up comes loose and little coagulations can get loose and give you infarcts in the 
brain. When the mitral valve leaflets don't close all the way, some of the blood goes back 
into the left atrium when the left ventricle contracts, so to get the blood out during systole 
the heart will hypertrophy a bit.

Mitral valve prolapse is when the valve is floppy and goes back into the atrium, and it 
“balloons” between the cords that hold it in place. Folks with Marfan syndrome often have 
this. 20-40 percent of tricuspid valve involvement Dr. Isidro says that some doctors over-
diagnose mitral valve prolapse, and it seems like sixty to seventy percent of their patients 
have mitral valve prolapse. Something's not right there, he says. In his experience, twice 
he's had doctors tell a patient she had something extremely serious that required major 
surgery, and when he sent the patient to an expert in that area she didn't have anything. 
He's not saying that there's foul play there, on the parts of the original doctors, but he's 
saying “trust but verify.” It's also very difficult to see this prolapse as cause of death or 
even to find this prolapse in an autopsy: you have to take out the heart and put flow 
through it and simulate the flow problems.

Mitral stenosis is often caused by rheumatic heart disease, which we talked a lot about 
on pg. FIXAL of microbiology. In pathology, you should see Aschoff bodies in the heart 
muscle. You'll see these foci of fibrinoid necrosis, like these diamond-lump things between 
muscle fibers that are full of little tangled fibers and dark nuclei—like this big granuloma 
with collagen fibers all across it interrupting the normal muscle fibers. Inside the Aschoff 
bodies you'll find Anitschkow cells, which are giant macrophages. The patient will have 
both stenosis and insufficiency. 

Endocarditis can also attack your valves, and this could be rickettsiae or other bacteria, or 
fungi attacking your endocardium. If you go to pathophysiology pg. FIXAL, and 
microbiology pg. FIXAL, you can learn more about this, too. You can also have 
endocarditis that comes from a peripheral infection, in the tissue of the blood vessels near 
the fingernails and things. Acute endocarditis is what happens really fast, and like fifty 
percent of patients will still die despite treatment, and this is all staph aureus' fault. Sub-
acute is when you've got slow onset, like weeks to months, and most patients recover. 

Chai Tea Break: Endocarditis
Dr. Isidro talks about a patient who came in saying he was really tired, and the tiredness 
got worse and worse over time. But no one knew what was happening to him, and never 
gave him any antibiotics. He didn't have a heart murmur or anything. But then one day he 
went into a heart attack in the emergency room the last time he came in, and he died. Dr. 
Isidro did his autopsy, and found thrombosis and no cardiac tamponade, no pneumonia, 
none of the things that could have gone with the arrhythmia and MI he had in the ER. 
When you take a culture of a patient's lung in this kind of case, you have to sterilize the 
surface with this kind of burning-knife-thing, since there's been bacteria and stuff since the 
person died, and then after that you get a new sterilized tool to go down under that and get
a biopsy so it can be a biopsy the same as if the patient was alive. So they did that, and 
found nothing. 

Really, normally the MI that that patient had you'd attribute to coronary artery disease. But 
this guy's arteries were clean. He was also HIV negative, so you wouldn't expect any 



immune-system suppression. When they opened his heart, there wasn't anything growing 
right on his valve, but they noticed that the wall near his septum was kind of thick, so it 
occurred to the pathologist to open the wall—and he found a lesion the size of a golf ball 
between the two ventricles. This was a super-rare case, where the patient got strep 
viridans from a dental cleaning, just like normal, but it didn't grow in a place that made you 
hear a murmur or suspect anything, and it was so interesting that the emergency room 
doctors wanted to go ahead and publish the case after the pathologists made that 
diagnosis. 

This is where we get to the “warning” part of the story. The ER docs kept asking the 
pathologist to send photographs so they could publish the case. “Sure,” he said. “Just 
send me the manuscript of the case first.” They kept asking, and kept not sending the 
manuscript, and so they didn't get the pictures. Eventually, in desperation, they did send 
the paper...and it became clear why they didn't want to send it to the pathologist in the first 
place. The pathologist wasn't in the paper at all, even though he'd made the diagnosis, 
and thought to check inside the tissue where they don't normally check, and pretty much 
solved the case no one else could solve. 

The pathologist still has those pictures. 

So...trust, but verify. Sometimes in medicine people will try to bypass you, or use and then 
leave you, if only because they can. That sounds super-dramatic, but I don't mean it that 
way, as in you need to be suspicious of everyone, just...trust but verify.

Okay! Back to work.

SLE Endocarditis is endocarditis with systemic lupus erythrymetosus. You'll see the 
chordiae tendinae all fused, but you see very few vegetations, because there aren't 
organisms and stuff there. 

Rheumatic heart disease and marantic heart disease (like you'll see a bunch of little tiny 
look differeeeent...

Prosthetic valves are great, but you should know the factors that can make prosthetic 
valves fail. Thrombosis/thromboembolisms, anticoagulant-related hemorrhages (where the
sutures bleed because of anticoagulants), prosthetic valve endocarditis, and normal 
structural deterioration of wear and tear. Nothing's as good as the normal endothelium of 
your body when it comes to interacting, actively, with your system, and adapting to 
different chemical and mechanical factors, so your prosthetic valve isn't that great at 
preventing thrombi and other build-up.

Congenital Heart Diseases

These usually come from problems in embryogenesis during weeks 3-8, and you see them
in one percent of live births. There are some that we can now diagnose and operate on in 
utero now-a-days. Usually these congenital heart problems come from sporadic genetic 
abnormalities, like gene mutations or small chromosomal deletions, or even trisomies and 
monosomies. Triisomies in chromosomes 13, 15, 18, and 21, and problems with genes 
NKX2-5, GATA-4, TBX20, TBX5, and others, can cause congenital heart diseases. 
Malformations can cause a lefto to right shunt, or a right to left shunt. 

Folks with a right to left shunt usually have cyanosis right after birth, but folks with a left to 



right shunt may be asymptomatic when they're born. right to left is 
tetralogy of fallot 
transposition 
persisten truncus arteriosus 
tricuspid atresia 
total anomalous venous connection 
originally produce cyanosis

left to right is ASD, VSD, PDA 
increased pulmonary flow, not initially cyanotic, pulmonary arteries medial hypertrophy
but increased flow through pulmonary circulation makes your pulm vessels hypertrophic 
and hypertensive, and that increase in resistance can reverse the shunt, giving you late 
cyanosis, clubbing, right ventricular hypertrophy, polycythemia, and clubbing

The most common congenital cardiac malformation is ventricular septal defect, and that 
makes up about a third to a half of the congenital cardiac malformations you'll see. Most 
VSDs also come with other congenital cardiac problems, with only 20-30 percent isolated. 
90 percent of the VSDs are in the membranous part of the septum, with only a few in the 
muscle. If you have multiple defects in your VSD, it's a “swiss-cheese” septum. About half 
of small muscular VSDs close by themselves over time, but large ones can cause so much
left to right shunting that the right ventricle starts to hypertrophy, and then the 
This is a left to right shunt.

Atrial septal defect is another left to right shunt. It has low mortality, and youll hear a 
murmur because of excessive flow through the pulmonary valve, but until you're about 
thirty it'll often stay asymetric. 

Patent ductus arteriosis makes a harsh “machinery-like” murmur. Prostaglandin E holds 
the ductus arteriosus open, and you might want that for a while if there's trasnposition of 
the great vessels, too, but if you just have patent ductus arteriosus, and that's your only 
health problem, 

Most people with atrioventricular septal defect about a third of them not most have Down 
Syndrome

Tetralogy of fallot is a right to left shunt, so the baby will be cyanotic usually right away. 
Sometimes the patients survive untreated into adult life, and sometimes young children will
have this and it won't have gotten caught. Those kids will have these painful cyanotic 
spells where they squat to make themselves feel better.

Transposition of the great vessels

Truncus arteriosus

Tricuspid atresia

Pericardial & Myocardial Heart Disease 

Cardiomyopathies can be dilated, hypertrophic, or restrictive. Check pathophys pg. FIXAL.

In micro, a dilated cardiomyopathy will have hypertrophied cells which are stretched with 
irregular fibrosis. So all four chambers of the heart will stretch, and you'll get a lower 



ejection fraction because a lot of blood chills in this big old bad-at-squishing heart. Normal 
ejection fraction should be at least 70 percent; these patients will have 25 percent. If you 
get down to 15 percent you can't even get out of a bed. A lof of patients die in very few 
years...This is the most common form of cardiomyopathy. 

Hypertrophic cardiomyopathy is when you've got massive hypertrophy of the left ventricle, 
and you'll see myofiber hypertrophy, which means all the muscle fibers will look really big, 
but they'll look really disorganized.

Restrictive cardiomyopathy is when something builds up on the endomyocardium and in 
some way makes the thing less compliant, and makes the ventricle “smaller.” It's 

Endocardial fibroelastosis is when you've got a genetic defect and your heart is more 
elastic, like the opposite of restrictive cardiomyopathy.

Myocarditis is when you get infections or immune problems that direclty attack and inflame
your heart muscle cells. Viruses, chlamydiae, rickettsiae/typhi/typhus fever, borrelia/lyme 
disease, fungi like candida, protozoa like trypanosoma cruzi or Chagas disease or 
toxoplasmosis, helmninths like trichinosis 
Post-viral post strep systemic lupus ertyhematosus...
Myocarditis, when you look at it in a slide, looks kind of like an MI, and myocarditis can 
raise troponin like a heart attack (even though it raises troponin way way less). You'll see 
that the myocarditis is way more gradual, and although you see all the little darkened 
nuclei and the neutrohpils everywhere and the infectious cuagulation, youl'l see that it 
happens more over time.

Drugs can cause myocardial disease, especially chemoteraphy drugs like doxorubicin, 
daunorubicin, cycophosphamide/cytoxan, or cocaine. Iron overload and catecholamines 
can also 
Cocaine causes prinz-metal heart spasms

suppurative pericarditis means infectious 
caseus is mycobacterium
chronic pericarditis can be adhesive mediastinopericarditis or constrictive pericarditis...

Most common primary tumor of the heart is a myxoma. It sometimes comes from defects 
in chromosome 12 and 17, and happens 90 percent of the time in the atria, usually in the 
left atrium causing syncope because it blocks the mitral valve. Carney syndrome causes 
ten percent of the cases and is because of a problem with chromosome 17 (check this)

papillary fibroelastoma attacks valves 

rhabdomyoma is the most common primary tumor in kids, tuberous sclerosis

carcinomas—epithelial
sarcoma is malignant—connective tissue and muscle and soft tissues, but not mucosa or 
skin or epithelial tissue—mesenchymal 
melanomas can also metastasize to the heart, but we've been pretty aggressive dealing 
with skin cancers so that's good
it's more common to have metastasis into the heart than primary turmors

Kidney



If kidney is as tough for you as it is for me, we really need to review the physiology on pg. 
FIXAL of the first book.

Glomerular Disease: Nephrotic syndrome

Most glomerular diseases are immunological, and most hurt you as you make immune 
complexes that hurt your glomeruli. We divide glomerular diseases into two categories: 
nephrotic, and nephritic syndrome.

Nephrotic syndrome is the group of glomerular disorders where you pee out protein, 
more than 3.5 grams per day. That means you get hypoalbuminemia—you lose a lot of 
albumin, because that's the first protein to go—and without the albumin in your blood to 
keep your liquids in your blood you get pitting edema. Then you get 
hypogammaglobulinemia, and without those gammaglobulins you're at risk of infection. 
You also become really clottable, which is kind of a surprise, but it's because you lose the 
antithrombin III protein, so you can think about it like if you had muddy water, the mud 
would settle out, and in this case the blood settles out without antithrombin. You get 
hyperlipidemia and hypercholesterolemia if you don't have proteins to take up your 
cholesterol and transport your lipids, and you also might get fatty casts in your urine as 
those cholesterols and lipids build up.

Minimal change disease is the most common cause of nephrotic syndrome in kids, and 
like it's name, it's associated with minimal change: pt has normal glomeruli on H&E stains, 
no immune complex deposits, and negative immunoflourescence. You might see lipid in 
proximal tubule cells, and in the EM you'll see the podocyte foot processes dying away. 
The child will have selective proteinuria, which means she's peeing out albumin but not 
immunoglobulin. We don't always know what causes this—it's idiopathic—but we know 
cytokines from T-cells inflict the damage, and that sometimes folks with Hodgkin 
lymphoma get this, and because it's immune-related, steroids help. This is really the only 
pure nephrotic syndrome disease we discussed in my class. A lot of the other ones below 
can also present with mixed disease, both nephrotic and nephritic.

Focal segmental glomerulosclerosis is the most common nephrotic syndrome in 
Hispanic and African American people, and like MCD, it's idiopathic in its primary form (we 
don't know where it comes from) and you don't see immune complex deposits, and 
immunoflourescence (IF) is negative. On EM you see foot process effacement (the foot 
processes are dying away), and in the H&E stain you'll see sclerosis in only some 
glomeruli, and only a segment of those glomeruli, making it focal and segmental. I'm 
looking at a picture, and it looks like the glomerulus is solid, instead of full of holes like it 
should be, in one focal segmental area. This is also called renal ablation 
glomerulosclerosis, and it sometimes comes secondary to HIV, heroin use, and sickle cell 
disease. As you know SCD is more common in black people, so that sickle cell is maybe a 
reason this kind of kidney disease attacks them more often. Unfortunately this one doesn't 
respond well to steroids, even though it's so similar to MCD, and people go into chronic 
renal failure.

In Caucasian adults, the most common nephrotic syndrome is caused by membranous 
nephropathy, and again, it's idiopathic, but can arrive secondary from Hep B, C, solid 
tumors, systematic lupus erythematosis (SLE), or NSAIDs and penicillamine. It can also 
show up after exposure to gold and mercury. You'll see a thick glomerular basement 
membrane in H&E, and in EM spikes and domes because of immune complex deposition 



under the epithelium. The immune complex deposition is granular, which means you see it 
in clusters of dots all around, not in a shiny bright line. The only disease that you see a 
shiny bright line, continuous and linear, in immunoflourescence—the only non-granular 
kidney disease—is when you make anti-glomerular-basement-membrane antibodies in 
Goodpasture's. Membranous nephropathy gives you renal failure and doesn't care much 
about steroids.

Membranoproliferative glomerulonephritis causes nephrotic syndrome, even though it's
a glomerulonephritis. Basically nephritis means inflammation of the nephron, and nephrotic
syndrome is when you pee protein, and sometimes you can get a non-nephrotic 
membranoproliferative glomerulonephritis. This is another idiopathic disease. You 
recognize it because like in membranous the glomerular basement membrane is thick, and
in this case it's got train-track-looking stripe-things because of immune complex deposition
(again making granular IF). It's different than membranous glomerulonephritis because this
time we have proliferation—the basement membrane isn't just thickened, but there are 
more cells. Type I, subendothelial membranoproliferative glomerulonephritis, comes with 
HBV and HCV viruses; Type II has really dense deposits, and you'll see C3 nephritic 
factor. C3 nephritic factor is an antibody that stabilizes C3 convertase so complement 
overactivates and you inflame and it attacks your kidney instead of circulating in your 
blood. You can sometimes solve Type I by solving the underlying problem or infection or 
whatever. If you've got non-nephrotic proteinuria (so it's not more than 3.5 g/day), you may
not need immunosuppression, but when you've got nephrotic syndrome they usually treat 
you with Prednisone or other steroids. If steroids don't work, there's a trial of aspirin and 
dipyridamole, or a combination of cyclosporine and prednisone that the UC Kidney Center 
uses, but there aren't clinical trials on these.17

Diabetes mellitus can also cause nephrotic syndrome. When you've got tons of glucose 
in your blood, it can glycosylate your vascular basement membrane, and then you get this 
arteriolosclerosis where all those sugar-groups sticking out everywhere start to close up 
your capillary things. Usually you stick more in the efferent arteriole, which makes sense, 
because it's before the filter, so things would clog there. All those sugars get proteins 
caught and tangled in them. The glomerular basement membrane starts to thicken, partly 
because all those sugar things interfere with normal podocyte signaling by triggering the 
RAGE receptor, so the basement membrane isn't maintained like it's supposed to be. The 
problem with the podocytes might actually be more insulin-related than glucose-related, 
according to a recent study cited in the courses put up on washington.edu—rats who didn't
have hyperglycemia, but didn't have insulin receptors, also had dying podocytes and 
resulting proteinuria.18 So anyway, your podocytes die and open up holes, even though the
membrane is thickening with all the weird protein and sugar layers, and the membrane 
becomes hyperpermeable to albumin19—the filtration pressure goes up. There's so much 
protein and stuff right here, so it MUST need to be filtered out, is a way to think about it. 
Another way to think about it is that anytime anything makes the membrane thicken or 
you've got deposits covering the basement membrane, you're blocking the negative 
charge of the basement membrane. The negative charge of the basement membrane is 
what repelled proteins to keep them in your blood. So when you block that with a bunch of 
gunk, or you thicken the muscles of the vasculature around it, or whatever other way 
you're covering up the basement membrane, you're making it easier for proteins to slip 
through the podocyte holes since there's no negative charge to repel them. Also, in 
diabetes hyperglycemia causes ANP (atrio-natri-uretic peptide) to increase in your blood, 

17 http://www.unckidneycenter.org/kidneyhealthlibrary/mpgn.html#treatment
18 http://courses.washington.edu/conj/bess/diabnephropathy/nephropathy.htm
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which increases hydrostatic pressure, so you've got lots of blood pressure on your 
basement membrane, and that pushes lots of microalbuminuria into your pee. The 
mesangium all scleroses and fills in and you get Kimmelstiel-Wilson nodules. 
Kimmelstiel wilson nodules look like big, filled-in balloons or flower-petals in your 
glomeruli. You know how the glomerulus normally looks like it's full of holes? It's like a little 
kid colored those in with BIG, COMPLETE swaths, in circles. It's different than focal 
segmental glomerulosclerosis, where there's these irregular portions of the glomerulus 
that's filled in, like you spilled paint into it or something. Kimmelstiel-Wilson nodules are 
like organized flower petals.

If you have hyperfiltration causing all this damage, how could you slow filtration down? 
Well, what happens if you inhibit ACE? Then you can't make angiotensin II. Then you can't
hold lots and lots of water in, and lots and lots of water can't rush to the glomerulus with 
that filtration pressure. You slow down filtration a little so the kidney doesn't have to work 
so hard. That can slow down damage.

Finally, there's systemic amyloidosis, where you get a whole bunch of amyloid deposits 
in your mesangium, and of course if you've got lots of protein in your mesangium that 
means lots of nephrotic proteinuria. After you stain a biopsy with Congo red, and shine 
polarized light at it, you'll see apple-green birefringence, and that's how you know you've 
got amyloidosis. We also talked about this hurting the heart a little on pg. FIXAL.

Glomerular disease: nephritic syndrome 

Nephritic syndrome is when you've got glomerular inflammation and bleeding. This is 
different than nephrotic syndrome because you don't have more than 3.5 g/day of protein 
in your pee—you have less. You pee less, in general (oliguria), and that leaves high levels 
of nitrogen in your blood (azotemia). You keep your salts in, so you get edema around your
eyes (periorbital) and hypertension. You will see red blood cell casts and weirdly-shaped 
RBCs (dysmorphic) in your pee. Remember that nephrotic has an O like protein has an o 
in it, so there's more protein in nephrotic syndrome, and i for inflammation in nephritic. 
They call this kind of inflammation in your glomerulus hypercellular which means you get 
excess cells and the glomerulus looks bumpy and squished. In all nephritic syndromes, 
immune-complexes get deposited at the glomerulus, and that activates C3a to activate the
complement system, which builds up in humps on the membranes. The C5a in the 
complement system attracts neutrophils, which drop more granulations that hurt your 
glomeruli more. Remember, immune complexes, C3a, C5a, and neutrophils.

Poststreptococcal glomerulonephritis is when a school-age kid comes into your office 
feeling puffy-eyed and peeing cola-color two to three weeks after getting over a 
pharyngitis. What happened? Group A beta-hemolytic strep infecting either her skin or her 
pharynx gets her immune system all worked up—just like with rheumatic fever, there's an 
M-protein that we blame for this. The M-protein is a molecular mimic of some proteins in 
your glomerulus, and your complement system attacks it, building up these humps of 
complement on your glomeruli membranes. You know it's group A strep because your 
patient will have increased ASO, and cultures of her throat or her injury will show gram 
positive cocci in chains with sensitivity to methicillin, optichin, and other things. She'll have 
a low fever, or no fever, because gram positive bacteria don't have fever-causing LPS or 
endotoxins. If your patient's strep came from a skin injury, it's called pyodermal, and in 
pyodermal infections the strep uses the M-49 protein, usually. In pharyngitis or tonsillitis 
we see more M-12 protein. In pyodermal nephritis, the first ASO responses are weak, and 
won't be that high, but you can still make diagnosis based on the hemoproteinuria and 



cultures. Scientists aren't exactly sure how the immune response happens, or why—it only
happens in five to ten percent of patients with strep infections—but we also think 
streptokinase, an extracellular protein, might play a role, along with endostreptisin and 
streptococcal protein preabsorbing antigen. Whatever chemical it is, it causes a type III 
sensitivity reaction. Type II is when your complement system makes actual holes in the 
membrane (like in Goodpasture syndrome), and type III is when you get these humps built 
up on it. C3a in the patient's blood will be low, because they've used up all their C3a on the
kidney, attacking your glomeruli, and you'll see blood and protein in the pee because of the
damage to the glomeruli. This will make the pee cola-colored. As her kidney fails, and 
she's all blocked up with complement, she'll have oliguria, hypertension, and periorbital 
edema. You'll see the hypercellular, inflamed glomeruli you'd expect with any nephritis in 
your H&E, but in EM you'll see those humps I mentioned. Fortunately, kids who get this 
don't usually develop renal failure, like one percent, and you can usually cure them once 
you get rid of the infection, give anti-hypertensives, and give the kidney a chance to heal. 
Again, this is usually a kid's disease.

Adults with poststreptococcal glomerulonephritis might progress to rapidly progressive 
glomerulonephritis. That's a nephritic syndrome that become failure in weeks. It can 
happen after post-strep glomerulonephritis, Goodpasture syndrome, Wegener 
granulomatosis, microscopic polyangitis, or Churg-Strauss syndrome. If it happens after 
Goodpasture, you'll see linear immunoflourescence because the antibody in that case is 
anti-basement membrane collagen, so continuously anti-everything. Your pt—usually a 
young adult male—will come in coughing up blood, as well as peeing blood, because 
you've got the same kind of collagen in your lungs. If the disease causing RPG is post-
strep GN—the most common—you'll see granular immune deposition in 
immunoflourescence, which is those dots everywhere, and it's more diffuse. That's 
because the antigen-antibody complexes are diffuse, usually subendothelial. If the 
immunoflourescence comes out totally negative, the RPGN comes from Wegener, 
microscopic polyangitis, or Churg-Strauss. You'll see c-ANCA—cytoplasmic antineutrophil 
antibodies—if it's Wegener, and p-ANCA—perinuclear antineutrophil antibodies—if it's one
of the other two. Churg-Strauss if different from polyangitis because it comes with 
granulomatous inflammation, lots of eosinophils, and asthma. These are all three big 
systemic auto-immune diseases. In any RPGN, you'll see crescents in the Bowman space 
on H&E because lots of fibrin and macrophages have packed up there. 

IgA Nephropathy, Berger Disease, is when you have IgA immune complexes against 
your glomeruli mesangium. Remember the mesangium are the specialized smooth muscle
cells that regulate blood flow into the kidney. The other diseases we mentioned were 
against the basement membrane in the glomerulus, while this is in the mesangium, so 
that's different. This is the most common nephropathy worldwide, and even though 
Pathoma classifies it as nephritic my teacher lists it as going nephrotic sometimes, 
because it can make you pee out lots and lots of protein. It's more common in patients with
celiac disease and hepatic auto-immune disease and dermatitis herpetiformis (a terrible 
skin-blistering disease that may worsen with gluten). Some kind of immune trigger makes 
you drop a whole bunch of IgA complexes in your kidney, and you can see that in 
immunoflourescence. These immune complexes get worse during infection, so the 
hematuria associated comes in episodes following infections (like gastroenteritis). This 
starts in childhood and might get to renal failure.

Alport syndrome is a nephritis we talked about last year, where you've got a defect in 
type IV collagen that makes your glomerular basement membrane really thin—something's
up with your alpha chain (biochemistry pg. FIXAL). In addition to the hematuria, your 



patient has sensory hearing loss (for diff between conductive and sensory hearing loss go 
ICS pg FIXAL) and ocular problems, since those areas also use a similar type IV collagen.

Acute renal failure

There are a bunch of other ways to damage your kidney, too, especially if we look at the 
tubes and interstitium instead of at the glomeruli. Your kidney can straight up necrose 
because of ischemic or toxic necrosis in your tubes, or you can get infections that inflame 
the interstitial space. Let's talk about some of these acute failures.

In acute renal failure you'll see high nitrogen (azotemia) and high BUN and creatinine 
with oliguria in just a few days. Prerenal azotemia is when the problem is before the 
kidney, because of decreased blood flow to the kidneys; postrenal is when there's 
obstruction in the urinary tract after the kidney; and intrarenal is when there's something 
going on in the tubular epithelial cells or in the interstitium around them. 

Labswise, in pre-renal, your kidney isn't getting enough blood and that makes it reabsorb 
more fluid and nitrates because it thinks there isn't enough liquid in the body. You'll notice 
oliguria right away. The ratio of BUN/creatinine in the blood becomes 15:1 even though the
tubes still work. In post-renal, you get the same set-up, but this time because the 
osmolality of the obstruction “pushes” water and nitrogen back into the blood. Over time, in
post-renal, the tubes die and then you get less BUN/Cr absorption, because the tubes just 
can't absorb any more and they're drowning in backed-up pee, so that ratio goes down 
(not 15:1 anymore). Then the urine becomes very dilute sodium-wise since those broken 
tubes can't concentrate urine anymore. In both of these, the GFR goes down as more 
things go back into the body than out. So remember, pre-renal, is 15:1 with little pee, post-
renal is 15:1 that then goes down while pee becomes really dilute sodium-wise.

Intrarenal azotemia due to acute tubular necrosis is the most common cause of acute 
renal failure. Maybe blood supply to the tubules got cut off, and you had prerenal azotemia
first. Or maybe you took some aminoglycosides, heavy metals like lead, ethylene glycol, 
radiocontrast dye, urate, or other poison. Either way, you've now got necrosing tubules, 
and the necrotic cells plug up the tubules, which obviously sends your GFR down. Since 
all your cells are dying, you don't reabsorb BUN, so your blood BUN:Cr ratio is less than 
fifteen. You also don't reabsorb sodium, and without reabsorbing sodium you don't 
reabasorb water, so—dilute pee. That doesn't mean your pee doesn't have anything in it, 
though. It'll have brown casts from the dying cells, and you won't pee much. Since you're 
not peeing out much, and you're only peeing out dilute pee, you keep a lot of potassium 
and acids in your blood, and that causes metabolic acidosis. These electrolyte imbalances 
can kill your patient, and the oliguria can hang around for 2-3 weeks even while you're 
treating them with dialysis. It takes a while for tubular cells to regenerate.

Different kinds of acute tubular necrosis will have different call signs. If the acute tubular 
necrosis is from ischemia, it's probably in the proximal tubule and medullary segment of 
the thick ascending limb, which die first when blood supply's cut off. If the necrosis is from 
ethylene glycol, you'll see oxalate crystals in the urine. If the necrosis is from urate, the 
patient might have tumor lysis syndrome, which can happen sometimes in cancer patients 
where suddenly a WHOLE BUNCH of tumors lyse and release potassium and phosphate 
and chemicals all in the body. If you give your cancer patient lots of water and allopurinol 
before starting chemotherapy you might be able to decrease their risk of tumor lysis 
syndrome and urate tubular necrosis. You can also get poisoned by your own myoglobin. If
you crush your muscles, the myoglobin can get into your blood and into your kidney and 



poison the tubules. 

In the interstitium, drugs like NSAIDs, penicillin, and diuretics can give you intrarenal 
azotemia, too. That's acute interstitial nephritis. Your patient starts with oliguria, fever, 
and rash days or weeks after starting the drug, and since this is an allergic reaction, you 
can find eosinophils in the urine. If you don't stop the drug, this could become renal 
papillary necrosis. Remember from anatomy pg. FIXAL that papillae are the little stripe-
things in the little triangle things when you cut a kidney in half longways. These start to die,
and it'll hurt a lot in your flank, and you'll bleed a TON. You'll be VERY unable to 
concentrate your urine, and it SUCKS. Long-term phenacetin or aspirin, diabetes mellitus, 
sickle cell disease, and severe acute pyelonephritis (infection) can cause this.

MAKE F-CARDS with the ppt pictures

Urinary Tract Infection

Speaking of severe acute pyelonephritis, let's speak about severe acute pyelonephritis! 
That is, let's talk about urinary tract infections. Micro pg. FIXAL has a whole bunch about 
risk factors and etiology and treatment, so read that first.

Remember cystitis is lower UTI, an infection in the bladder, and your patient with cystitis 
will come in needing to pee really hard but maybe not doing it, with weird changes in her 
urinary frequency, and suprapubic pain. She shouldn't have systemic signs, really, like 
fever or anything—it's just her bladder acting up. Urinalysis shows cloudy urine with more 
than ten WBCs in a high power field, and if you do a dipstick analysis you'll find positive 
leukocyte esterase because of pus in the urine (pyuria) and nitrites, which got there 
because bacteria take the nitrates in your pee and turn it into to nitrites. If you do a culture 
of the urine, you'll see more than 100,000 colony forming units (CFUs just means “viable 
bacteria or fungi” that can split to make colonies). Cystitis, or any infection, could happen 
because of obstruction, letting your bacteria build up in areas they shouldn't. Most 
common bacteria in UTIs is E. Coli (80 percent of all UTIs!). Staph saprophyticus is 
common in young, sexually active women. Kliebsiella pneumonia is another possible 
culprit, and proteus mirabilis is an organism that makes urine alkaline so it smells like 
ammonia. If bacteria from your poop gets near your urethra (so like, if after unprotected 
anal sex you engage in vaginal sex), you can get a UTI from enterococcus faecalis. 
Sometimes you have pus in the urea (more than 10 wbcs/hpf and leukocyte esterase) but 
you don't grow any bacteria when you try to culture it. This means it's a picky organism like
chlamydia trachomatis or neisseria gonorrhoeae. These bacteria often give you a urethritis
where it hurts or burns to pee (dysuria).

Pyelonephritis

If you're really unlucky, your UTI can progress to pyelonephritis. This is an infection of the
kidney. It's more common if your pee moves backward from your lower urethra and ureter 
up your ureter back to the kidney. That's called vesicoureteral reflux, and it's more 
common if you're a little kid. In this case your patient will have flank pain (in addition to the 
WBC casts and leukocytosis and other cystitis symptoms). If the problem goes on long 
enough, and becomes chronic, you'll see waxy casts in the urine.

Like with a lower UTI (cystitis), E. coli's your major culprit here (90 percent), and then 
there's Klebsiella and Enterococcus faecalis.  Chronic pyelonephritis happens when you 
have so much acute pyelonephritis that your interstitium starts to fibrose and the tubules 



atrophy. This is most common if you've got obstruction in your ureter (like a hyperplased 
prostate or carcinoma in your cervix), or vesicoureteral reflux like we talked about earlier. 
Eventually the cortex of your kidney starts to scar, and on gross observation you'll see the 
calyces don't look all pointy anymore, but more blunted. If the problem is vesicoureteral 
reflux, you'll see scars at the upper and lower poles of your kidney (the poles of your 
kidney are the pointy-bendy round parts; the upper pole is the thing under the adrenal 
gland, and the lower pole is the other bendy part that tucks in under where the ureter 
connects). Some people think the atrophy-ing tubules look like thyroid follicles because of 
the eosinophilic protein stuff building up in it.

We mentioned blockage. One kind of blockage is a nephrolithiasis. That's when all the 
salts and things in urine precipitate out into a stone, so it's obviously more common in 
hyper-concentrated urine, or situations where you're not making a lot of pee or drinking 
enough water to make a lot of pee. It hurts the flank where the stone is, and you have 
blood in your pee and you pretty much have to pee the stone out, but if the stone is too 
big, you need surgery. If it's less than 2cm, you can shoot sound waves at it to break it up 
(lithotripsy). 

This nephrolithiatic pain is way more sharp and excruciating than the flank pain you get in 
pyelonephritis, until the patient almost can't stand up straight when he walks. It's also more
of a colicky pain, which means it starts and stops abruptly. Patients with pyelonephritis will 
come in with more diffuse, constant pain, and fever, and even though you see blood in the 
urine, you'll see more pus (PMNs) than blood. A nephrolithiasis produces more blood in the
urine than anything else.

Nephrolithiasis isn't just about supersaturation. It can also happen if you're bad at making 
stone inhibitor chemicals like nephrocalcin, the Tamm-Horsfal protein, or citrate, or if 
you've got run-off of epithelial cells and debris and casts from other kidney injury just 
sitting around ready to become the core of a stone. These stones can be made of calcium 
oxalate (75 percent), struvite (10-15 percent), uric acid (5-6 percent), cystine (1 percent), 
and other little things. 

Calcium oxalate stones usually show up with lots of calcium in the pee, but not a lot of 
calcium in the blood (in other words, you're not backed up filtration-wise), and these 
patients often also have hyperuricosuria (too much uric acid in the urine). These are the 
most common stones, and you see them in Crohn's disease and for no reason whatsoever
—of course you'd also see them if you have too much calcium in your blood, or if you've 
been drinking ethylene glycol. Hydrochlorothiazide can help you with this, because it's a 
diuretic that makes you pee more but makes you put less calcium in your pee, so you kind 
of dilute away the calcium. 

Big struvite (ammonium magnesium phosphate) stones form “stag-horn” shapes, and 
they're usually associated with previous infections with things that degrade urea, like 
proteus (and staphylococcus), things that make ammonia. Think stag-horn, previous 
infection with proteus. You should also think “urease-positive,” so again, like Proteus 
vulgaris or Klebsiella. It's annoying because these crystals are also a good place for new 
bacteria to come and live, making more infection, and making this cycle worse. These are 
stones that might get so big you need surgery. They're the second-most common stone.

A lot of stones are present in alkaline urine, with the exception of uric acid stones, which 
build up in acidic urine. It's not that these patients have hyperuricemia or hyperuricosuria—
they don't have a tone of uric acid in either their pee or their blood—it's that uric acid can't 



dissolve in really acidic urine (because it's an acid), so it precipitates out. These patients 
have an acid problem, not a uric acid problem. These are the third most common stones, 
falling way behind the others at like 5 percent, and unlike the others, they are radiolucent 
(black on the X-ray), which means they'll just look like pockets of air (harder to see, for 
me!). Usually you see this in pts with gout. Sometimes pts with leukemia get these 
because they have more uric acid in their blood. You're more likely to get these if you don't
pee a lot (duh) and if it's really hot and dry (duh also, because you dry out). So give your 
uric-acid-stone pt lots of water and make their urine more alkaline (potassium bicarb does 
this) and that might help. If your pt has gout you can give them allopurinol.

The rarest stone I'm learning here is a cysteine stone, and that's most often seen in kids 
who have—you guessed it from biochem—cystinuria. They don't absorb cysteine well, and
actually these guys can make staghorns, too (it's not as common, though, so keep thinking
struvite with staghorns). Like with uric acid stones, you can make your pt's pee more 
alkaline to help get rid of these.

Not everything's a stone, of course. Most urinary tract obstruction in females happen 
between childhood and age 60, most commonly because of gynecologic tumors, while 
men usually get them after 60 because of prostatic disease. Whatever obstruction you 
have, it needs to be fixed fast, because the longer it's left the more you're in danger.

Renal cystic disorders 

When we talk about renal cysts, we're talking about strange growths that aren't cancer. 
This often means we're talking about congenital problems. One big cause of weird cysts 
and cartilage and other strange things in the kidney is a dysplastic kidney. Basically the 
kidney, in utero, forms weird with lots of cysts, and when you look at it in the microscope 
you see primitive ducts that didn't finish forming, weird glomeruli, lots of strange 
disorganization everywhere. The more cysts, the more unlikely this kidney will work. These
babies in utero will have problems with using their kidneys, so they'll have 
oligohydramnios, where there's not enough fluid in the amniotic sac. These broken kidneys
don't filter right, so they don't send the right message to the mom's body—they don't say, 
“send me more fluid to filter,” they say “stop stop stop,” and that means they'll also get 
Potter syndrome, which is where as production of new, clean amniotic fluid goes down, the
baby's lungs then don't form right. The baby needs the stimulation of the amniotic fluid to 
help form her lungs, but without the kidneys doing their job, the amniotic fluid goes down, 
and that lung-formation is stunted. This is usually in only one kidney. If it's in two kidneys, 
we think it might be polycystic kidney disease.

Polycystic kidney disease is when you've got two big kidneys with cysts in the cortex 
and medulla. The autosomal recessive form gives renal failure and hypertension in infants.
The autosomal dominant form shows up in young adults. Newborns might have the Potter 
sequence (bad lungs, like with dysplastic kidney), or they might have fibrotic livers, 
because as the liver is trying to deal with all the poisons the kidney was supposed to get 
rid of, it becomes injured and scars and may have cysts itself. A scarred liver means 
backed-up blood-flow through the portal system, so that's portal hypertension. This is twice
as common in little girls as in boys. The young adult, with the autosomal dominant PKD, 
will probably first come in with hypertension or blood in his or her urine. Your big injured 
kidney makes more renin than normal, and that of course ultimately makes you hold in 
water and gives you hypertension. These patients have a mutation in the APKD1 or 
APKD2 gene, and they often have corresponding problems with hepatic cysts, mitral valve 
prolapse, and berry aneurysm. These genes code the protein polycistin-1 and polycistin-2. 



These proteins seem to have something to do with anchoring the basement membrane of 
epithelial cells to sub-epithelium. So if this anchor is damaged, then you can imagine why 
your mitral valve connections might be weak, and why your brain endothelium might be 
weak, and why you might have tears in your epithelium and such that cause cysts in your 
liver and kidney. There may be other proteins affected that also make your epithelial cells 
make too much liquid, and that's where the liquid build-up happens inside the cysts of the 
kidney.

You can also have cysts that only build up in your medullary collecting ducts. This is 
medullary cystic kidney disease. In this case, your kidneys shrink, because they're 
poisoned. Unlike the PKD, in this case your kidneys can filter and stuff, and your nephrons
can get the poisons through, but then the back-up problem is in the medulla, as you're 
collecting and finishing your job. So now all the poison and the fibrosis happens to the 
kidney's parenchyma, and instead of being all big and giant like they get in PKD, the 
kidneys shrink from poison (parenchymal fibrosis). This is also called nephronopthisis, 
and is probably because of problems with a protein called nephrocystin.

It's also possible to get congenital diseases that aren't cysts, of course. You could just 
forget to make kidneys. Maybe because your ureteral bud forgot to tell your metanephric 
blastema to change, or sometimes because your body reabsorbed a dysplastic, non-
working kidney. Failing to make a kidney is usually sporadic, not genetic, but of course like
in everything genetics plays a role. This could happen on one side, or both. If it happens 
on one side, your remaining kidney gets really big. Because it's working so hard, it's more 
likely to fail later in life, but you can survive. If you're missing both kidneys, you have 
oligohydramnios, like with the dysplastic kidney: not enough amniotic fluid made. Well, that
again means the lungs aren't going to form right (lung hypoplasia), and you'll also get a 
flat-face with low-set ears (amniotic fluid helps your face shape form right) and a few 
developmental defects of your extremities. (Again, this is called Potter sequence) Of 
course without kidneys are you are going to die. There are apparently babies who have 
survived long enough to get kidney transplants, though!20 There have been attempts to 
infuse the mother with more amniotic fluid, and that helped her lungs form so she was able
to survive for a little bit outside of the womb, and then they could give her a new kidney.21 
That's pretty exciting.

Some people form medullary sponge kidneys, where the collecting ducts in the renal 
pyramids are really really wide and dilated. These patients are more likely to get UTIs 
(because it's easier for bacteria to climb up and live in this sponge) and thereafter kidney 
stones, but otherwise it's pretty benign.

Some people have kidneys that don't quite split. The most common congenital renal 
anomaly is horseshoe kidney. They connect at the lower pole, and the kidney is way 
down in the lower abdomen because it gets stuck on the inferior mesenteric artery on its 
way up during embryo. Remember kidneys start as buds waaay down kind of in your butt 
(pelvis), and they're supposed to get up into your back, but in this case they can't do that.

But we started all this talking about cysts. Sometimes you just have simple cysts, one 
random cyst on your kidney. Someone in this room might have a cyst. The only problem 
with simple or acquired cysts is that they might bleed. Sometimes it's hard to diagnose 
cystic carcinoma and differentiate it from a cyst, especially if the cyst has very big thick 
walls. You then have to take liquid from the cyst to see if it's malignant or not. Little, fine 

20 Patient education from healthline; http://www.healthline.com/health/renal-agenesis#Treatment
21 Up-to-date http://www.uptodate.com/contents/prenatal-diagnosis-of-renal-agenesis



cysts are easier to tell in radiography.

Renal tumors

I can't think of a more creative way to start off this section than to say “let's talk about 
some renal tumors,” so let's talk about some renal tumors already.

An angiomyolipoma is a kind of hamartoma. A hamartoma means “bodily defect” in 
Greek and it's a benign tumor-like blob that's a big mixture of cells and stuff. An 
angiomyolipoma is a hamartoma made of angio (blood vessels), myo (smooth muscle), 
and lipid (adipose tissue) from the kidney. You see these more when your pt has tuberous 
sclerosis (so their tubes are kind of blocked up).

A pt with renal cell carcinoma got an overgrowth in the epithelium of his tubules because 
his VHL (3p) tumor suppressor gene stopped working. Without that gene he makes too 
much IGF-1, which makes the cells grow, and too much HIF transcription factor, which tells
your cells to make more VEGF (which makes your vascular endothelium grow) and PDGF 
(which is platelet-derived growth factor). So much growing! These tumors are yellow like 
fat with clear cytoplasms like fat in the microscope, and they usually show up in men 
around 60 as just one tumor up in the upper pole of the kidney. You're more likely to get 
these if you smoke. They can be hereditary, too, though, in which case they'll be in both 
sides probably. Von Hippel-Lindau disease (autosomal dominant) inactivates your VHL 
gene, which of course means you're more likely to get these tumors. That also comes with 
hemangioblastoma of your cerebellum. So maybe in exams either you'll see a young pt 
with two tumors and a cerebellar movement problem, or you'll see an older pt with one 
tumor and he's a smoker, and then you know it's this kind of carcinoma and it's his VHL 
gene that's messed up by age.

What else does that pt look like? “Classic symptom triad:” blood in urine, a mass you can 
feel on examination, and flank pain. I don't know why they call it the classic triad if all three 
symptoms don't usually happen together—usually your pt has the hematuria first. 
Sometimes your pt will have a fever or lose weight or let other things get really high in his 
blood, like renin or ACTH, some very rare times he'll have left-sided varicocele because 
the tumor's blocking his left renal vein, which then blocks left spermatic vein from draining. 
Why doesn't it ever block his right-sided vein? Because the right spermatic vein goes 
straight into the inferior vena cava, and doesn't have to go all the way up to the kidney to 
drain. 

If this tumor spreads, it can go through the renal vein to get to the lungs and bone. If it 
doesn't go through the vein, it can spread through your retroperitoneal lymph nodes.

A Wilms tumor is another malignant tumor. It's made of immature kidney mesenchymal 
stuff (blastema) and not-fully-developed glomeruli and tubules, and stromal cells 
(connective tissue cells). It's easy to remember that it's made of under-developed stuff if 
you consider it's most common in kids around 3—you know, people with more under-
developed stuff in them. Because these tumors secrete a lot of renin, they'll have 
hypertension, and because they're such little people, it shouldn't be hard to feel a big mass
in one of their flanks. Their parents will bring them in with hematuria. A mutation in the 
WT1 gene can cause one of two kinds of syndromes: 

• WAGR syndrome, with Wilms tumor, aniridia (no iris!), genital abnormalities, and 
mental and motor Retardation, or

• Beckwith-Weidemann syndrome. This one they've got the tumor, but when they're 



infants they also have low blood sugar, too-big muscles (hemihypertrophy), and big 
organs (like a big tongue).

You can also get tumors in your lower urinary tract.

Urothelial carcinoma is when your transitional epithelium mutates and grows out of 
control, usually starting in your bladder. If you have an early p53 mutation, you'll get a 
high-grade flat tumor that invades tissues really fast. If you have a late p53 mutation, you'll 
get a low-grade papillary tumor that's got to turn into a high-grade tumor before it can 
invade. What triggers these p53 mutations? Usually cigarette smoke. But if you eat azo 
dyes (like naphthylamine) or cyclophosphamides or phenacetin you're also at risk. This is 
actually the most common kind of UT cancer, and since it's pretty much always acquired, 
you can guess it's in older adults, who come in with no pain but blood in their pee. These 
tumors are annoying because they often have many origins (multifocal) and they come 
back after you made them go away.

Squamous cell carcinoma is when the cells in your bladder suddenly turn squamous. As 
you know, your bladder is inside your body, and is not skin, so you don't really want a 
whole bunch of layers of squamous cells in there. If you're an older woman who's got 
many many bladder infections (cystitis) or you're an Egyptian male with the Schistosoma 
hematobium parasite, you might get this. If you've got kidney stones for a long time and 
they don't go away, same thing. This makes sense: these are things causing long-time 
stress to the bladder, so the bladder responds by protecting itself with skin.

Adenocarcinoma is another one that usually starts in your bladder, and it's where 
suddenly you've got a bunch of glands you didn't have before! This is usually more of a 
“birth defect”-caused cancer. You can think about it that way, anyway. You might still have 
some of the urachus in the dome of your bladder, and the stem-ish cells there may decide 
to become a tumor. Or you might not have made the caudal part of your anterior 
abdominal and bladder walls right, and you might have extrophy, where things are out in 
the open and stuff, and that might make your body think it needs to be glands. Sometimes 
it starts as cystitis glandularis, which is where your normal urothelial Von Brunn nests—
groups of cells—start budding together from the submucosa, and you get these lesions 
that look like glands. You might see this in lots of bladder biopsies. What's not good is if 
they suddenly are growing out of control everywhere, and everything wants to be a gland. 
This is just a weird cancer.

Kidney cancer now-a-days only responds to surgery, not to any other medications or 
anything.

You really need to look at the FCARDs with the pictures to be able to tell the difference 
between different cancers on slides.

 Chronic kidney failure 

So what happens if any of these things progress to chronic kidney failure?

First your patient will have uremia, since you're not peeing out your nitrates. This means 
there's nitrogen waste in your blood. That's also called azotemia. Nitrogenous things are 
poisonous, and will make your patient feel nauseous, lose weight (anorexia), and even get 
pericarditis. Eventually your platelets can stop working right, and you can even get 
encephalopathy and asterixis as your nervous system gets poisoned. Asterixis is when, if 



you extend your wrist, your hand flaps like a bird trying to fly. If you get enough uremia 
you'll drop urea crystals off in your skin. 

Since your kidney can't filter very well, you also hold on to salt, which means you hold 
on to water, and you've got hypertension. Because you're not kicking out your potassium 
and acids you get hyperkalemia with metabolic acidosis, which as you can guess raises 
potassium levels in your blood and makes your nervous system depolarized. 

The kidney is also supposed to make erythropoietin, if you recall, to help you make blood 
cells. If your renal peritubular interstitial cells are injured, they'll stop making erythropoietin,
so in chronic renal failure your pt might also show up with anemia.

Your kidney also 1-alpha-hydroxylates vitamin D. That's the job of your proximal renal 
tubule cells, and that helps you keep calcium absorbed from the intestine into your blood, 
and helps you get rid of phosphate. If you've got chronic renal failure, you don't do this to 
vitamin D anymore, so you get hyperphosphatemia and hypocalcemia. If your kidneys 
don't keep minerals in check, you'll get bone growth problems (renal osteodystrophy), 
mostly because the low amount of calcium in your blood scares your parathyroid glands. 
They're like OH MAN I MUST NOT BE DOING MY JOB BETTER PUT OUT LOTS OF 
PTH and that pth is supposed to raise your calcium in the blood. But that means you're 
digesting your bones when they actually didn't need to be digested—it wasn't a bone 
problem causing not enough calcium in the blood, it was a kidney problem! But the 
parathyroid glands don't know that. Kidney failure is the most common cause of 
hyperparathyroidism. As you eat up your bones, you get osteomalacia (softening bones) 
and osteoporosis (porous bones).

Over time, with chronic kidney failure, as your kidneys shrink they form cysts. I don't know 
why. But you can kind of think of it as kidneys desperately trying to grow back, and doing it
wrong. This comes with an increasing risk for renal cell carcinoma. This happens during 
dialysis, which is pretty much your treatment—you need dialysis or renal transplant at this 
point, because otherwise you're pretty much finished with these kidneys.

Lungs

If we preserve and practice compassion we are able to alleviate part of the load of 
suffering.” --Karl Rokitansky, MD, One of the Fathers of Modern Anatomic Pathology

Chai Tea
Who is Elizabeth Blackwell, MD?

A British woman who couldn't find a medical school in Europe, Elizabeth became the first 
medical graduate of an American university in 1849. At that time, in all the Western world 
only Italy accepted women as doctors, mostly because they had such a large army that 
they needed more help than they could get from men. Elizabeth wanted to become a 
doctor because her sister died of endometrial cancer, and it left a big impact on her, so she
travelled from med school to med school until she could find one that would accept her. At 
Harvard, the dean put the question to vote with the class—but they all voted against her. 

At last she found a school where the students voted to allow her to join. “Equal treatment,” 
was her professional message, over and over. When they got to anatomy of the pelvis, 
they wanted to keep her out—protect her from the gory details because she was a woman
—and again, her answer, “no, we're all going to be doctors here.” When she graduated, 



she was allowed to present in France, but England, her homeland, never allowed her to 
present in front of other doctors. 

But! Someone had to be first, and someone had to pave the way for the rest of us. Maybe 
it's just history to you. Maybe it doesn't matter. But at some point in time, this was a real 
person who helped make my present possible.

And that's pretty neat.

Congenital anomalies in your lungs

The Major Ones:
Agenesis: When you don't make lungs. No bronchioles, no lungs.
Aplasia: When you make one rudimentary bronchiole, but no long.
Hypoplasia: When you make both, but they're both abnormal and small. This is the most 
common congenital anomaly of the lungs. It's seen in ten percent of autopsies. Why does 
this happen? Maybe there were decreased respirations for some reason, so during that 
beginning two years of formation a lot of alveoli didn't form. Or something compressed the 
lung in utero. Oligohydramnios is another big problem—not enough fluid circulating during 
that in utero period to help the baby push out her lungs.

Remember, when you're making your lungs, between 4-6 weeks of gestation your 
tracheobronchial bud divides to give you those proximal airways, those bronchi, all the way
down to the segmental level. Then, in the psuedoglandular period, between 6-16 weeks of 
gestation, you make the airways all the way up to the terminal bronchioles. Finally, in 
weeks 17-28, you start making your real lungs. This is the acinar or canalicular period. You
start the frame-work for gas exchange, for alveoli, as you make acini and a vascular 
system. Capillaries creep into the epithelium, and little embryo can begin her first gas 
exchange. Next, in the saccular period, weeks 28-34, little embryo subdivides her primary 
saccules into secondary crests which now, at 34-36 weeks, can turn into alveoli. The 
alveoli become alveoli when she's born, and she gets 20 to 150 million alveoli that keep 
developing during the first two years she's alive. And that's how you, and little embryos, 
make lungs!

More Congenital Problems:
Congenital Cystic Adenomatoid Malformation is when you make your bronchioles all 
different sizes, so it looks, in an X-ray, like there's this random mass in your lungs. 
Bronchogenic cysts are when there's a fluid-filled mass outside of your lung 
(extrapulmonary) that's got lung respiratory epithelium, and of course that'll show up as a 
random mass in X-rays, too. Bronchopulmonary Sequestrations are when there are 
segments or lobes grown out of your lungs that don't connect to the normal artery system
—they're “sequestered” away from the rest of the lung. Blood vessels will grow to them 
from the aorta. You can also be born with a hole in your diaphragm that causes 
congenital diaphragmatic hernia, like we talked about in anatomy pg. FIXAL, and you 
can be born with alveoli borders not well-made so you've got emphysema from birth. You 
know how in emphysema you have all these big alveoli, because your alveolar walls have 
died? Yeah, like that. Finally, you could have trachoesophageal fistulas, where early on 
your esophagus and trachea didn't separate right, so either food falls into your lungs, or 
you keep breathing into your stomach, or sometimes your esophagus is cut short, and 
food can't get into your stomach through it at all, and just piles up in that short little tube.

One genetic but not congenital condition you should know: immotile cilia syndrome, or 



Kartagener's. This was mentioned a lot on histology pg. FIXAL, and basically your pt will 
come in over and over again with a lot of respiratory infections. You need to ask for 
pathology biopsy in glutealdehyde or you won't find the missing dynein arms for immotile 
cilia syndrome, and then you won't know what the pt has. You can also see the arms in 
electron microscopy.

'Nuther genetic thing. Pulmonary alveolar proteinosis is when all the alveoli fill up with 
liquid protein. For a long time people didn't know why, but now they've found anti GM-CSF 
antibodies in the fluid. If you do a deletion of one gene you get a whole bunch of these 
antibodies produced.

Respiratory Distress Syndromes

Atelectasis, in Babies

Acute obstruction will cause a collapse of lung tissue after the obstruction (distal) to it, like 
a birthday party balloon that's empty. That's called atelectasis. 

There are a whole bunch of kinds of atelectasis. Atelectasis neonatorum is when at birth 
the lung doesn't expand completely. That can be primary, where the baby has never 
breathed. These babies are often premature and don't have finished respiratory centers in 
their brains. Things that cause hypoxia in the uterus during delivery can get this atelectasis
started as the baby's being born. In gross, you'll see the lung collapsed, red-blue, and 
without crackling or popping (it's soggy). In histo, the lung looks pretty much normal for a 
fetus—small alveoli with thick septal walls. 

Neonatal atelectasis can also be secondary, where they start breathing but can't keep it 
up. They have the brain centers, but the lungs aren't working. You'll have some parts of the
lung collapsed, and some areas over-distended with air until they're emphysemic. A baby 
can get neonatal respiratory distress syndrome NRDS if the mother got too much 
sedation-meds, if you knock the baby's head during delivery, if the baby sucked in a blood 
clot or amniotic fluid and is asphyxiating on it, if the umbilical cord is wrapped around her 
neck, or if she's got hyaline membrane disease (we'll talk about those membranes in a 
second). Sometimes the baby is more likely to have respiratory problems if her mother's 
diabetic, if it was an emergency cesarian, if she's the second-born of twins, and of course, 
if the baby is premature and hasn't finished making her surfactant, as we mentioned on 
anatomy pg. FIXAL. Lack of surfactant is pretty much the pathology in NRDS, with a lot of 
possible causes. Normally your type II pneumocytes make surfactant from lecithin by 
methylating stuff, and then after the baby's 35 weeks old in utero the baby starts adding 
phosphocholine by a transferase pathway to make surfactant more stable. So obviously, if 
the baby's younger than 35 weeks, he or she won't have good stable surfactant. If you 
take amniotic fluid, you might find a low lecithin/sphingomyelin ratio. In gross, if you were 
to look at the lungs, the lungs will look mottled red and purple. In histo for secondary 
atelectasis you'll find atelectasis alternating with over-distended areas, and alveoli with 
hyaline membranes and edema.

What's up with these hyaline membranes?

Well.

Diffuse alveolar damage, in Adults



Hyaline membranes are an artifact of diffuse alveolar damage—AKA acute respiratory 
distress syndrome, ARDS. It's when there's spread-out—diffuse—damage to the place 
where the alveoli and the capillaries meet, and protein-rich fluid starts to leak, so you get 
edema. Hyaline membranes start to form in the alveoli—you'll see these slightly thicker 
pink membranes on your normally thin-walled alveoli when you look at slides.

Resorption atelectasis is when the airway's totally blocked, so air can't get in and the 
lungs don't expand. The air that was in the lung gets absorbed into the lung, and then 
there's nothing left in the lung anymore. In kids, the most common cause of resorption 
atelectasis is a foreign body blocking the airway. In adults, it's anesthesia and dental work. 
But it can also come from mucous plugs, COPD, tumors, vascular aneurysms, 
lymphadenopathy from TB, and other stuff like that.

Compression atelectasis is when you get a whole bunch of liquid in your pleural cavity, 
like maybe because of pneumothorax or transudate in CHF or something with ascites. This
is chronic, and pre-disposes the patient to infection. 

Contraction atelectasis is fibrosis, where the lung can't expand anymore because it's not 
stretchy anymroe.

When you think atelectasis, think a—not—elact—elastic. 

ARDS is caused by hypersensitivity, pancreatitis, hematalogical problems, chemical injury 
like heroin or methadone overdose, acetylsalicylic acid, multiple traumas in physical injury, 
near-drowning, burns, ionizing radiation, uremia, oxygen toxicity or smoke, disseminated 
intravascular coagulation, all kinds of things. This is also called shcock lung, truamatic wet 
lung, danang lung, hamman rich syndrome, and adult hyaline memrane disease. More 
than 50 percent of cases of ARDS come from sepsis, diffuse pulmonary infections, gastric 
aspiration, or mechanical trauma like hed injuries. Basically if you look at the lesions at first
there's damage opening the alveoli, diffuse damage, awithout hyaline membranes, and 
then you ge a whole bunch of hyaline membranes growin (mid lesion) and then the late 
lesion is diffuse damage with membranes everywhere and fibrosis growing throughout the 
alveoli. Your pt could even die before the hyaline membranes form, if there's enough 
diffuse damage. That's why this is called diffuse alveolar damage. 

The lungs get so full of liquid and edema they'll weigh more than 1,000 grams.

Only the pleura have pain receptors, not hter est o the lung 

Pores of Kohn: connection between alveoli
Canals of Lamberg: connection between capillaries and alveoli

Put in Pathoma stuff here 

End pathology

Pulmonary infections

Bronchopneumonia is patchy pneumonia, all over, and lobar pneumonia stays in one lobe 
as a build-up.

Pts with tuberculosis will cough up fresh blood (hemoptysis). This is because the bacteria 



is literally eating away the lobes of their lungs, causing bleeding. The pt will have a big 
cave-like cough. A positive tuberculin test is a hard induration of granulomas (the red part, 
the erythema, around the induration, doesn't count towards the test). A positive test might 
mean the pt has been vaccinated, so then you have to do further screening. If your pt 
gives a positive test, don't do the test again, because too much tuberculin injection can 
cause an ulcer if the antibody reaction is strong enough. To culture tuberculosis, you have 
to make a Lowenstein Jensen plate. In low power, you'll see white pearls, and in high 
power under a microscope the colonies will look like sea anemone-sponge things or fuzzy 
slippers. You should do an HIV test after finding out a pt has TB, because now-a-days the 
two things tend to go together.

Macroscopically, in the lungs of TB you might see these big white cotton-ball things, if you 
could see the patient's lung. The primary lesion will be in the lung lobes somewhere, and 
there will be other lesions gathered around the roots of the lungs crawling into the lymph. 
The first lesion will be encapsulated away from the rest of the body, and might even hang 
out dormant there until a medication weakens the immune system and the bacteria 
escape. That's secondary tuberculosis. Primary tuberculosis, when you first get the 
infection, usually kills little kids and older folks who've got weaker immune systems. When 
the primary infection's blob gets capsulated away from the rest of the body, and all fibrotic 
and sequestered and stuff, we call it a Complex of Gone. Secondary tuberculosis usually 
happens in the upper lobes of the lung, where there's more air and less blood so less 
immune system stuff, and primary will start down in the middle lobes 'cuz you've breathed 
that first infected lesion way way in. If the TB gets into all the body, it's called miliary 
tuberculosis. This can happen in either primary or secondary tuberculosis. If you look at 
the lungs in this case, there aren't the big cotton-ball white things, because the 
tuberculosis is all disseminated, everywhere, throughout the lung, not in these bacteria-
cities. Remember it takes about thirty days before a noncaseating granuloma will caseate. 
You'll now see granulomas everywhere throughout the body. In a pt with TB, you'll see 
both noncaseating and caseating granulomas everywhere, while in a sarcoidosis you'll see
only noncaseating everywhere.

Chai Tea: Tips on Drug Users, While We're Talking Injections
An intravenous high is hard and fast, intramuscular high lasts longer but isn't as high, and 
a drug user who can't afford to use his drug up really fast might do skin-popping and inject 
subdermally, which is the longest injectable high but the least high. Each of these will have
different infection rates.

Candida is the most common fungal infection in the human body. You'll diagnose it in silver
stain, which is the only stain that identifies all fungi. Candida is the only fungus that will 
also give PAS stain positives, which are cheaper, so you can do them first to save money if
you suspect Candida. In the lungs' macro, you'll see bronchopneumonia, in a patchy 
pattern. 

Aspiration pneumonia is when you breath fluids or solids into the lungs and they scratch 
away your mucosal lining (denuding it, that's the key word), maybe because there's vomit 
that's acidic and burning away your lung lining. Sedation, convulsions, and advanced age
—things that cause vomiting—make you prone to this. In biopsy, look for spots around the 
alveoli where you don't see nuclei, don't see cells.

Lipid pneumonia is when you've got fat in the lungs. That's not normal. Two ways this 
could happen. You could have either had a bronchial obstruction, and actelectasis, and the
atelectasis makes you have inflammation and then fat-creation in your lungs. That's 



endogenous, and called Golden Pneumonia. The exogenous way is breathing in too much 
aspirated oils. Some old folks get addicted to mineral oil, and take too much all the time so
they can poop easier, and end up breathing it in because they're taking so much.

Influenza is a kind of typical pneumonia. The virus that causes it is classified under 
orthomyxoviridae. This means straight mucous. The family of viruses are RNA viruses, and
have five genuses: influenza A, influenza B, influenza C, Isavirus, and Thogotovirus. The 
name of the virus always comes from the structure. H1N1 means new influenza A. These 
viruses spread through air, and on contaminated surfaces, and direct contact. Did you 
know a particle you sneeze, below a certain size, might eventually travel up to 18 miles, 
according to a study done by the Swedish military?

Varicella pneumonia causes spot-like hemorrhages in tissue and also in lungs.

Most common atypical pneumonia in kids is syncitial respiratory virus 
Most common atypical pneumonia in adults is mycoplasma pneumonia
Most common cause of bacterial cavitations in the lung is Staph aureus. Usually these 
come from nasty gingitivitis in folks with bad hygeine 

Most common bronchopneumonia is staph aureus

bradycardia in the setting of fever, Legionairre's, notice interstitial pneumonia

Cytomegalovirus causes a pneumonia that attacks little babies. You'll see interstitial 
pneumonia, with these eye-looking lesions, like there's alien-heads with two eyes looking 
at you. They're called CMV cytoplasmic inclusions.

Nosocomial bacterial pneumonias are usually enterobacter or pseudomonas gram 
negative rods (from humid respirator stuff), and gram positive staph aureus. Acute 
bacterial pneumonia heals via fibrosis, which sucks for life. You'll see alveoli filled with 
neutrophils. As it gets worse, they get more filled up, and you'll see necrosis.

If you see reddish goopy thick mucous it's strep pneumonia, which is a lobar pneumonia.  
It's rusty-looking, not pure blood like the TB hemoptysis

Pneumonia vaccines don't have much memory at all, so they have to be given frequently. 
It's because it needs more than 80 carb antigens to work at all.

In acute bacterial pneumococcal pneumonia you'll see these target-looking lesions. The 
bulls eye is the zone of resolution, where alveolar macrophages are replacing leukocytes. 
The 

Klebsiella pneumonia 
Consolidation of upper lobe with sticky mucinous exudate on cut surface and in bronchi--
>currant jelly solution. Abscesses, fibrinopurulent pleuritis. Abscesses in the upper lung 
look like white raised donut-rings. Klebsiella colonies grow on endo agar as slimy, 
translucent strings.

bronchopneumonia comes from staph aureus

pneumocystic jirovecii has foamy alveolar infiltrates



end pathology

Interstitial pneumonias

Interstitial pneumonias are problems with the tissue between the alveoli, INTER the 
Stitium. The other pneumonias we've mentioned live in the alveoli, and they're either lobar 
pneumonias, which are bacterial, or patchy and all over, like the Candida (but patchy can 
also be bacterial). The different kinds of interstitial pneumonias are really hard to diagnose 
because they all look similar on biopsies. You have to really know the causes of each one 
to try to avoid the ones that are deadly. Desquamative interstitial pneumonia is usually 
in smokers in the 4th or 5th decade of life, and you see a bunch of macrophages 
accumulating in the alveoli, clogging them all up. Usual interstitial pneumonia is one of 
the most common types, and shows up between the 4th and 6th decade of life, and we don't
know why. Virus? Genetic? Immune stuff? We think it's all involved. You won't see 
macrophages in the center of these alveoli, just a lot of inflammation in the interstitium. 
Non-specific interstitial pneumonia comes without the acuteness, and is more chronic, 
and is basically the one that you couldn't figure out what caused it and the histology didn't 
look like anything else, but there was inflammation in the interstitial cells. Cryptogenic 
organizing pneumonia, or bronciolitis obliterans is when you see bunch of polyploid 
plugs of loose connective tissue in the alveoli, bronchioles, and alveolar ducts. These are 
kind of hard to see, but there are these tentacle-y lesions clogging the alveoli. 
Lymphocytic interstitial pneumonia is usually seen in the early phase of HIV, although it
can also be idiopathic or from collagen vascular diseases or lymphoproliferative disorders. 
Here you just see SO MANY LYMPHOCYTES in the interstitium. It's actually not the HIV, 
but its protein, and the signaling caused by that protein, that causes this change in the 
lung. The antibiotics don't help this problem at all. Blocking the protein would.

Interstitial pneumonia can also be acute. You would tell the difference based on clinical 
history.

Legionairre's disease

MAKE FCARDS from WEBACCESS PPT

Pneumoconiosis 

Farmer's lung caused by moldy hay and micropolyspora or actinomyces vulgaris 
Anthracosis caused by mining coal particles (now partly dealt with by throwing water over 
equipment to keep dust down)
Silicosis caused by silica particles in dust 
Asbestosis caused by sperentine and amphibole in asbestos 
Berylliosis caused by beryllium gas, which is in those broken flourescent gases
Siderosis caused by iron particles 
Byssinosis caused by cottin fibers inhaled
Humidifier lung/Bagassosis is caused by thermophylic actinomyces in humidifiers or sugar 
cane.
Cheese washer's lung is caused by penicillum casei in moldy cheese.
Folks who work as silo fillers can also get pneumoconiosis.
These are all extrinsic allergic alveolitis, type II and Type IV reactions, with chronic fibrosis,
and overall they've got a five percent mortality but some of them are more dangerous than 
others. Notice how common a problem actinomyces is here.



Atypical pneumonia

Cough in bouts of four-->atypical pneumonia-->mycoplasm
tetracyclin and ethryomyocin, the latter for kids because the first one hurts teeth
positive choleglutinins
20-year-old edition of Harrison's where stuff was taken out just because of space
interstitial pneumonia that doesn't behave like viral, think atypical pneumonia

typical pneumonia is s pneumoniae or h influenza or etc. Atypical is mycoplasma, 
chlamydia, and viral stuff.
Clinically atypical tends to have dry, nonproductive cough, chest pain is uncommon, 
headache and myalgia might be there, and the temperature, raised heart rate, and 
consolidation signs are uncommon. Look for interstitial, not localized, pneumonia. WBC 
count might be normal, or only slightly increased.
Mientras typical pneumonia has a sudden onset with prdouctive cough, pleuritic chest 
pain, chills, rigor, nausea, diarrhea, high temp (over 38 c), hr over 110, and consolidation 
signs.

Normal lungs look clear and black, with only white fuzzies around the edges where they 
end. Lobar pneumonia you'll see a white lump in one quadrant. Interstitial pattern 
pneumonia you'll see spiderwebs throughout the whole black area. 

The most frequent atypical in adults is mycoplasma, while the most common in kids is 
respiratory syncitial virus.

Bioterrorism

Hemorrgahic pneumonitis—Ebola virus is group V, order mononegavirales, family filovirus,
genus ebolavirus. The zaire strain has 90 percent mortality, while the Sudan strain has 50 
percent mortality, and you die of hemorrhagic shock. 

Hanta virus is another hemorrhagic pneumonitis. It's an RNA virus from family 
bunyaviridae, genus hantavirus. It travels in aerosilzed rodent poop and rodent bites.

SARS means severe acute respiratory syndrome, and it's from the corona virus. About 1/3 
of all respiratory infections it only involves the lower respiratory tract, so you don't get any 
rhinitis, and then spreads to all of the body. 1/3 of pts improve, 2/3 have severe disease, 
and out of those 3/3 there's a 10 percent mortality. In pathology, you'll look for diffuse 
alveolar damage and multinucleated giant cells.

Small pox is a group one virus—like the only human disease that's been eradicated, so it 
can only be used as a terrorits t thing. Group 1, family poxivirdae, genus orthopoxvirus, 
species variola vera. It makes spotted pimple things, and had 80 percent child mortality.

Yersinia pestis is another good bioterrorism one.

Anthrax, is bacillus anthrax, with the ames strain as the most virulent. This bacteria makes 
spores, and there are three kinds: ingestion, inhalation, and cutaneous. Weapons-grade 
spores are spores that have been made smaller so they can get in the air, aerosolized. 



Chronic Obstructive Lung Problems: COPD and Asthma

This is caused by an infection or irritation that doesn't get cured.

Different from COPD

Emphysema is when you ask your pt to blow out a candle about six inches from their 
mouth, and they can't.

COPD includes bronchitis and stuff
It's the 5th leading cause of death
Clinical COPD we include chronic bornchitis and emphysema only not the asthma

Dr. Isidro demonstrated for us the terrible terrible cough of a smoker with COPD. It's that 
loud, suffering cough you hear in public places sometimes. He told us about how his 
mother used to get it—and how she, an educated woman who knew better, always 
sounded like she was about to die. One day the doctor found the right thing to say: “If you 
love your family, stop it.” If not for you, for your family, essentially. And THAT made her 
stop that very day. Mothers love their kids! It's the doctor, sometimes, who says the right 
thing to make the difference.

Centrilobular or centriacinar emphysema looks like honeycomb lung
How smoking cuases ephysema it kills the anti-protease alpha-antitrypsin enzyme
That causes panlobolar or panacinar emphysema, the alpha anti-trypsin sutff

A bulla, multiple bullae, is an emphysematous space that's more than 1 cm in diameter. 
The closer they are the pleura, the more dangerous they are. They can make a hole, a 
pneumothorax, just by you coughing then. Ther person coughs and then suddenly feels 
like they're going to die because air isn't gettint in

Immortal cells? By adding telomeres, making the enzyme add telomeres over and over. 
Immortal cells become dysplasia and then cancer
Without gravity the cell becomes immortal and cancer faster without the struggle against 
gravity, in space you get cancer faster then

Two kinds of COPD
Chronic bronchitis: blue bloater, cyanosis, normal chest size, mucous production
Emphysema is the pink puffer, emphysema communicates with the outside and is 
osyxgenated and holding on to monoxide and stuff always has communication with the 
outside
The person with emphysema has a barrel chest, even in someone with excess weight. 
More laterally thin and more anterior and posterioly big (barrel chest, bulges more forward 
and back with less laterally)
weight loss as the patient slowly is losing their ability to breathe and with less oxygen he 
begins to dliminate and decide which cells will live and which will die, the fat cells start to 
die, etc
coughs without muscous

Bronchial Asthma

Women more, then male
Puerto Ricans more than Mexicans 



American indians more than blck people more than white people more than hispanic 
people.

Extrnisic ashthma is allergen only
intrinsci attack can be started by nervousness

Charcoal Leyden crystals are these pokey-looking things that come from eosinophils
Curschmann's spirals are another thing you'll see in, they are necrotic mucosa
Both of them are in asthmatic patient
diagnostic for asthma with the signs and symptoms

Bronchiectasis

blarb
Segmental sickenss secondary to childhood diseases or pneumonias
Areas injured from anterior inflammatory processes
Segmental area that loses elasticity and function 
Looks white in histo 
When it's realy bad only transplant of the lung can help
Foul-smelling 
Suction and respiratory therapy 
They lie in the bed in drainage positions at a 45 degree angle with a pan and all the 
mucous starts to come out and drains out 
Teach the patient to drain his own secretions out

Restrictive diseases 

Sarcoidosis comes with noncaseating granulomas. Diagnosis of exclusion. Look for 
asteroid bodies, which are these densely eosinophilic crater-things. (By eosinophilic, I 
mean it stains very very dark with acidic dye.) Often you'll also see Schaumann bodies in 
the pt's skin. These are concentric laminated calcifications.

Lung cancers

Keratin pearls are typical of squamous cell carcinoma

Blood Problems: Pulmonary Hypertension and Embolisms

Hypertension

Embolism

In men, the most common thrombi start under the gastrocnemius, in the legs (femoral 
artery)
In the women it's pelvic veins
Happens to pilots and people stuck in long convoys. If you can't get up, just flex and rotate
them over and over

A thromboembolism will give dyspnea and pleural pain

A pulmonary infarct will look like Triangular lesion with vertice proximal, base distal, that's 
coagulative necrosis, it's a pulmonary infarct 



It could also be a saddle embolus which gets stuck up in your pulmonary vessels up there

Lung tumors

The most common cause of cancer mortality in the US—with higher risk for women that 
breast cancer, endometrial cancer, and all the other scary woman-eating cancers 
everyone's always talking about—is lung cancer. If you look at causes of cancer death for 
women, from the 1900s to now, for a long time the top killers were those “woman” cancers 
we talk about, but during women's liberation, smoking stopped being a man's thing, and 
women began to smoke like crazy. So now, as all those old women's lib smokers are 
getting older, they've started dying of lung cancer, which since the late 90s has now been 
the number one cancer killer for women. Hopefully now as smoking becomes less cool, 
and less associated with revolutionary societal change, those death rates can go down, 
but they're one of the unfortunate side effects of the WAY certain groups have gone about 
revolution.22

Pleural diseases

Nose and Sinus

Larynx

end pathology

Blood and Lymph

“Physicians should act as attorneys for the poor.” --Rudolph Virchow, MD, Father of 
Microscopic Pathology

Hematopoietic Cells

Anemias

22 CHAI TEA IN THE FOOTNOTES! There have been two major feminist movements since Suffrage. One, the 
Susan B. Anthony-type feminist, desired legal equality while considering womanhood a separate but equal gender. 
Those were the women who won us the right to vote. These feminists did not consider it wrong for a woman to 
choose to stay at home, or adopt “feminine” habits. In the 20s, and then again in the 60s, you've seen a rise of 
feminists who felt that in order for women to be equal to men, they needed to be EXACTLY LIKE men, with the 
same jobs, the same stereotyped habits—smoking, drinking, cussing, thinking about sex one hundred percent of the 
time, and killing people in the military, and so on—and believed that to choose a “womanly” vocation was to reject 
women's rights entirely. These latter feminists now run most women and gender departments in US universities. 
However, as different cultural perspectives sweep the United States, that's changing again. What do I mean by 
cultural perspectives? For example. A large number of liberated Latina women want to work from home. They want
to have children, and run businesses out of their houses. That's a big thing in a lot of Spanish-speaking countries, 
and women and gender experts are starting to realize that's a legitimate life choice, too. People are also starting to 
understand that “girly” choices are not inferior, and stereotyped “male” behavior is neither healthier, nor necessarily
even truly “manly.” If a woman wants to work outside of the home, let her work outside of the home. If a woman 
wants to live a traditional in-home mother's life, homeschooling and running a farm, well damn, let her do what she 
wants. There is no inferior choice. I look forward to the day when that kind of feminism is truly respected, and 
when we stop pretending that “masculine” things like smoking and “player” promiscuity help anyone, male or 
female. I consider the 60s feminists to be the mothers of lung cancer, abortion, and rampant STDs, and I'm quite 
glad these feminists much rarer than any machista feminist-fearing neo-cons would have you believe, but I wish 
they were rarer still. That's just me. What kind of feminist are you?



Anemia is when you have less RBCs than you should, and you detect it with hematocrit 
and hemoglobin. Girls have a few less than dudes, especially when we're in reproductive 
age. You can probably guess why. If you take your hemoglobin and multiply it by three, 
you'll get the hematocrit. Normal hematocrit is 39-49 for dudes and 33-43 for women, with 
normal 13.6-17 hemoglobin for dudes. So anemia is less than 13.5 for dudes, and less 
than 12.5 for chicks.

You calculate hematocrit in the lab by finding the percentage of the whole blood after 
centrifugation that's RBCs. You can do that in your ER clinic! Hemoglobin is more 
accurate, especially if someone's volume depleted: because they have less plasma their 
hemotacrit will be artificially elevated. MCV is the average size of an RBC, in femtoliters, 
from 82 to 96 being normal. That can change in different anemias. Increased MCV—
macrocytic anemia—usually comes from vitamin B12 deficiency, folate deficiency, and 
alcohol abuse. Neurological manifestations is B12, if not, it's folate deficiency. You tend to 
see microcytes in iron deficiency and thalassemias.

MCH is the average content of hemoglobin in each red cell, in picograms, between 27-33 
normally. That doesn't normally change. MCHC is the concentration of hemoglobin in a 
volume of red cells, instead of in one particularly. Neither of these are used super-much 
clinically. They usually follow MCV. If you've got a decreased MCHC you've got not enough
heme, and you're hypochromic, like if you've got iron deficiency. This is a microcytic 
anemia. If you have increased MCHC you might have spherocytosis. Neutrophil size 
almost never changes, so when you're trying to evaluate RBC size, look at a neutrophil. 
You can recognize spherocytosis because the RBCs are tiny, but they don't have a central 
pallor, so no narrow-ness in the middle, and they're more like a ball. Your RBCs last for 
120 days, so to correct any anemia of size will take a while.

RDW is where you measure red cell distribution width, which means you're looking at the 
variability in MCV—that is, how are the RBCs different? If they all have REALLY different 
sizes, you have anisocytosis. If they all have really different shapes, you have 
poikilocytosis. This happens if you're under a lot of duress, so your bone marrow is just 
pumping out whatever the freaking thing it can get out, whether it's a good RBC or not. 
Normally RDW is 11.5-14.5. This also helps tell you how long you've had the problem. If 
RDW is up, it's something more acute: over time, with an iron deficiency anemia, you'll 
stop kicking out unformed giant reticulocytes (pre-RBCs) and just have little microcytes. 
Remember aniso is size because it has an s in it. Poikilo is shape. One weird shape is 
when you've got like a thrombocytic anemia, and lots of intravascular hemolysis, and your 
cells look like they're little helmets, or like someone took a bite out of them. Bite-cells are 
created by a macrophage in the spleen taking a bite out of them!

Are you noticing a trend here in size? We can divide anemias in microcytic, macrocytic, 
and normocytic anemias, based on size. Anemias are not the problem, but the 
manifestation of something that's underlying—like iron deficiency, for example.

Thalassemias, chronic disease anemias, and hemolytic anemias are microcytic. 
Hemorrhage, hemolysis, and when you just don't make enough RBCs, you've got 
normocytic anemias. When you've got drugs, alcohol, liver disease, reticulocytosis, or 
myelodysplastic syndrome, you have a non-megaloblastic macroytic anemia. 
Megaloblastic anemia means you've got hyper-segmented neutrophils, like with five or six 
weird segments, and you'll see these elliptical giant macrocytes as big or bigger than your 
neutrophils, and that's the vitamin B12 or folate deficiency macrocytic anemia.



So what will you see if your patient is anemic? Look under your pt's eyelids. If they're not 
pink, they're probably anemic. They'll probably come in first complaining of headache and 
lightheadedness, maybe with pale skin, fatigue, and dyspnea. You might even have 
angina.

How can you tell clinically which anemia your pt has? PPT chart slide 
After you know your MCV is less than 80, you know you're microcytic, so you'll check iron 
next to see if it's iron deficiency anemia or an anemia due to something else chronic.
TIBC is total iron binding capacity

Anemia that's due to blood loss

Your hemoglobin and hematocrit will be normal! So ratios won't change. Only after a while 
of bleeding will fluid shifts happen. Then the hemoglobin and hematocrit levels will go 
down as all the liquid from your extravascular system is hopping into your vasculature to 
correct the loss. But the liquid gain doesn't change the fact that you're missing RBCs. It 
could take like 50 hours before you see this hematocrit drop, though. Erythropoietin kicks 
in as soon as you have decreased oxygenation, but it takes about five days for the bone 
marrow to make reticulocytes they can release into the blood. Yes, reticulocytes: they 
realize there's an emergency so they'll just pump out whatever they can make as soon as 
they can. It can take six or seven days to take out the nucleus of the progenitor cells to 
make reticulocytes (which are just bigger, paler, more blue-ish, with less concave shape).

If your bleeding is internal, you can get the iron back, and you won't have iron deficiency 
anemia! What's an internal bleed? As long as the blood isn't going out into something 
that's got an exit. So a GI bleed is not internal, because the blood can get out. A vaginal 
bleed is not internal. If you've got a slow bleed in your soft tissue, that can be internal, or 
like your spleen rupturing, that can be internal. You can actually re-claim that iron. External
bleeding you'll lose iron, and after the bleed you'll have iron deficiency anemia. Sometimes
with a slow enough bleed you'll start to be able to manage really low hemoglobin—Doctor 
teaching the class once saw a woman with hemoglobin of 3 just walking into the clinic! And
he was really surprised that she wasn't in a coma or something.

Another thing that happens in acute blood loss is you get more platelets and leukocytes 
versus RBCs, just because your body is freaking out and trying to manage the blood loss 
via clotting (which, notice, looks a lot like inflammation!). 

Sickle Cell Disease

Remember from Biochem pg. FIXAL that your normal hemoglobin has two a chains and 
two b chains. That's your hemoglobin A, in 97 percent of the hemoglobin of normal adults. 
Hemoglobin A2 is when you've got two alpha chains and some delta chains, and that's like
3 percent of your normal blood. You've got one beta gene on chromosome 11 and two 
alpha genes on chromosome 16.

Hemoglobin F has a higher affinity for oxygen than hemoglobin A. Remember that means 
it's got a slight left shift on the graph. It's got that gamma chain going on.

Hemoglobin S, sickle cell disease, is when you've got a point mutation in your 6th codon of 
the beta, replacing glutamate with valine, and then you've got alpha 2 beta 2 S. Yay! Well, 
yay for repelling falciparum malaria. Not so yay for some other things. When you're 
heterozygous for this trait, btw, you're usually asymptomatic and not 50/50—you have 60 



percent HbA, mostly because the hemoglobin S die out faster. This is a homozygous 
recessive disease. The problem with Hb S is that when it's stressed and deoxygenated it 
polymerizes, forcing the RBC to sickle. How does HbS force RBC to sickle? The polymers 
project through the cell membrane, and that makes lots of ion imbalance: calcium gets in, 
and potassium gets out, and then water gets out! When the water gets out, the RBC 
deflates, and becomes sickled. The membrane changes also make it stickier (rougher 
edges—think velcro).

Then the lifespan of the RBC goes down because the spleen kills it for looking ugly! And 
that means you have hypoxia, because you have less RBCs in general at any given time. 
You also have more clotting because sickle cells are really unbendable, so you get clots in 
your microvasculature and then your tissues that are blocked off die. You're in really big 
trouble when MOST of your cells have become sickle, and that's when you get crises and 
stuff. Sickle cells also get your normal RBCs to get eaten by the spleen. How? Because 
when they're all cramped together the sharp ends of the sickle cells cut the bouncy RBCs, 
and now they're damaged and also ugly and the spleen eats them, too. 

The number of microvascular occlusions you get isn't related to the number of sickle cells
—it could be due to lack of general fluid and other stuff like that. Also, this cycles: the more
problems you have in your microvascular, the less oxygen you've got, and with less 
oxygen the more likely you'll get sickling, and the more sickling the more problems in 
microvasculature...

There's another cycle, too. When your cells lyse, you can get free hemoglobin floating 
around. Free hemoglobin triggers decreased NO, because normally that much hemoglobin
means something like you're bleeding and need to vasoconstrict, or like there's 
inflammation and you need to constrict, or something. Well, either way, decreased NO 
means even more vasoconstriction! And wow, that means more occlusion. And that means
more lysis and so on...

Even heterozygotes can undergo sickling. Super-stressed and dehydrated football players 
who don't have sickle cell disease, but have the trait, might suddenly undergo an anemic 
crisis. You need to hydrate and transfuse them. That'll save their lives! It takes five days for
your bone marrow to respond, and you can't wait five days when there's hypoxia 
everywhere!

Patients with sickle cell disease will have more hemoglobin F, because their bodies realize 
they need it around still. It inhibits polymerization of HbS, and that's why babies with sickle 
cell won't have ysmptoms until several months after birth.

In hemoglobin C, you've got a mutation in the 6th codon of your beta globin gene, so you 
replace a glutamate with a lysine. So what if you have S and C? You've got one gene that 
codes for sickle cell, and the other one with C? This is worse than being just 
heterozygously sickle-celled, but not as bad as being homozygously sickle-celled—kind of 
in the middle. You tend to be dehydrated more because polyermization happens easier. 

Sickle cell is one of the few times you use MCHC clinically. You look for higher HbS 
concentrations, and as MCHC goes up you see more sickling occuring. Decreased MCHC 
is decreased sickling, and in some thalassemias. 

When you've got decreases in pH, you also get more oxygen released from hemoglobin, 
moving the curve left, and that's also more sickle-y.



Folks with sickle cell, in addition to anemia, are also more prone to getting gallstones 
(pigment type) and jaundice because of hyperbilirubinemia (since the blood is dying, and 
the liver can't deal with all that). Spleen sequestration is when the spleen makes you go 
into shock by stealing all your blood and blocking all the rest of your body from getting 
blood. That patient will have a fast heart-rate because there's not enough oxygen, and 
they'll be sleepy and pale and irritable, and the left side of their abdomen will hurt. You can
also get an autosplenectomy, where you spleen dies because it's sequestering all these 
broken blood cells and there are just too many for it to deal with. That often happens to 
these folks during childhood. If you lose your spleen, you'll see Howell-Jolly bodies, which 
are nuclear remnants in the RBCs—stuff that's normally removed in the spleen.

With the hypoxia and occlusive crises and your over-worked spleen, you can understand 
that you're more likely to get infections, especially from things with capsules, like 
salmonella (osteomyelitis—it infects your bone marrow!) and H. flu and S. pneumo. 
Parvovirus B19 is a special one that really hits sickle cell patients way harder than the rest 
of us. In most of us, it's not that bad, but in them it causes aplastic crisis because they just 
can't handle when you kill more blood cells.

Priapism is another interesting problem, just because it's easy to remember, and basically 
it's because the blood gets all stuck in that organ there. That, with bones, lungs, liver, 
brain, and spleen are the most common vaso-occlusive crises in sickle cell, and they're 
really painful. In your lungs you'll get these awful chest pains, and all of this needs to be 
treated with blood transfusions. When you're clogged and chronically hypoxic you can also
become bad at diluting your urine. When you're dehydrated, you'll see target cells which 
are dehydrated red cells with little red dots in the middle of their white center.

To diagnose this you often just get an HPLC (high-performance liquid chromatography) 
that separates out your sickle cells, and a metabisulfite test, hemoglobin electrophoresis, 
or a prenatal amniocentesis for prenatal diagnosis. The metabisulfite test is when you mix
blood with metabisulfate and see if the blood sickles or not. That's because the 
metabisulfate induces hypoxia. In electrophoresis there's a band in the middle of the plate 
for HbS, when normally the bands are all the way at the edge of the plate. (In beta thal you
still have bands on the edges of the plate, but they're a lot thicker, and not all the way at 
the edge like with normal HbA) Dr. Needham says he usually sees this diagnoses with 
HPLC or electrophoresis, not any of those other things.

Life expectancy has gone way up for sickle cell disease because in 1965-ish they found all
the other non-ABO antibodies in blood. You know, your ABO and Rh factor aren't the only 
thing! Your other antibodies can also cause coagulation and kill you. So when you give a 
patient with sickle cell a transfusion, and you can't check for those other antibodies, maybe
it's not as bad as if they've got the wrong ABO type, but it can still be bad. So being able to
deal with those other antibodies was a big deal.

Hydroxyurea increases hemoglobin F.

Iron deficiency Anemia 

This is the most common nutritional disorder in the world. You'll see it more in kids and 
women of childbearing age, most often in places prone to starvation, but you can see it in 
wealthier nations as well.



You usually have at least 2 gm of iron in your body at all times in women, and 6 gm usually
in men. The average is kind of 3.5g. About 20 percent of that iron is stored in hemosidirin 
and ferritin, and about 80 percent is in your blood and muscles and everywhere else. You 
lose about 1-2 mg per day, and you also gain about 1-2 mg a day. Your macrophages 
contain about 500 mg of all that.

Transferrin is the iron-binding glycoprotein in your plasma that your liver makes to deliver 
iron to cells. It's normally 1/3 saturated with iron, and there's a lot of it in your erythroid 
precursors. See, free iron is really toxic, and you can get fibrosis and stuff, so you either 
store it in ferritin and hemosiderin, or you're transporting it in transferrin. Once you start 
depositing it in your soft tissues, you can't get it out. It's not like fat that if you stop eating 
the fat, it's going to be reabsorbed—it just stays there!

Most of the iron you're good at absorbing is in ferric 3+ state, and you have to reduce it so 
that it can be absorbed and stored in ferritin. Ferritin stores stuff in 2+ state. That's the 
ferrous state. Ferritin is mostly in your liver (since the hepatocytes and liver help manage 
filtration and deal with your blood in general), then in your spleen (in macrophages, which 
break it down), and in your bone marrow and of course skeletal muscle which uses a lot of 
it. It's the storage molecule.

Hemosiderin is partially-degraded ferritin in your cells. This is what stains with Prussian 
Blue Stain (potassium ferrocyanide). Normally there's only a little bit of hemosiderin in your
body, but in iron-overloaded cells all that excess is stored in hemosiderin.

Ferriportin is the molecule that allows your enterocytes to take iron in from the lumen to 
the other side of them, to the basolateral side.

Hepcidin is a signalling molecule that tells you how much ferriportin to put out. It's how 
your liver tells your body, “we don't need any more iron.” It says, “less ferriportin please.” 
So it tells your macrophages to eat up more of the iron, and tells your enterocytes to make 
less ferriportin so they take in less. Hepcidin is high in anemia, and low in 
hemochromatosis, and low in thalassemia. In hemochromatosis you absorb iron way too 
easily and it gets deposited in all your body tissues. In women you might not notice this 
until way later, like menopause, because their periods help them get rid of the extra iron, 
but in men you notice it earlier.

Sprue, fat malabsorption, chronic diarrhea, gastrectomies, and bad diets can all keep you 
from taking in enough iron. Growing kids and teenagers and babies and women during 
pregnancy need more iron than everyone else. GI blood loss, urinary, and genital blood 
loss are the three most common chronic blood losses. That causes iron deficiency anemia 
that's not related to normal physiological processes—that's just blood loss.

Usually you've been iron deficient long before you see effects of anemia, since you've got 
iron reserves stored. It takes about 6 months a more of suboptimal iron intake before you 
see the anemia actually happen. In early stages, you might see more erythroid activity in 
the bone marrow—more baby blood cells being pumped out because the bone marrow's 
getting worried—but generally you don't see the anemia until way later. 

Iron deficiency is a microcytic anemia. You'll see poikilocytosis, especially with pencil cells,
and the MCV will go down. A pencil cell is less curved or sharp than a sickle cell. These 
RBCs are hypochromic—not colored enough. Their central pallor will be really big.



If you've been iron-deficient for a long time you'll have spoon nails, fingernails with 
depressions in them. That's koilonychia. Their nails will also start being less pink. Alopecia 
is hair loss, and your tongue will start to get big. You might have pica, where you want to 
eat things you shouldn't eat! Plummer-Vinson syndrome is esophageal webs, and two 
other things you need to look up.

To diagnose iron deficiency, just do a quick CBC. You'll see low Hb and hematocrit, 
hypochromia, microcytosis, poikilocytosis, low serum iron and ferritin, low transferrin 
saturation, low hepcidin, and increased TIBC which I don't know what is. That TIBC is 
important because it's different than the anemias you get of chronic inflammation—those 
look the same, oftne, as iron deficiency, except that in anemia of chronic inflammation you 
get increased ferritin, while it's decreased in iron deficiency, and your TIBC is increased in 
iron deficiency and decreased in the other anemia. TIBC is actually total iron binding 
concentration. It's the only thing that's up in iron deficiency, because your body is like 
OMG LET ME BIND IRON OMG OMG. When you have chronic inflammation, acute base 
proteins like ferritin go up, that's why ferritin is up in that anemia—because inflammation 
makes you pump out more signalling and other kinds of proteins for macrophages in 
general. It's not trying to correct anything, it thinks things are okay, it's just trying to deal 
with an inflammatory situation. 

For ion deficiency anemia, you treat it the underlying cause. Iron supplementation is 
difficult because people don't like to be constipated.

In anemia of iron deficiency ferritin goes up; in chronic disease it goes down. Hookworms 
or bleeding from the GI tract might cause this. Ankylostoma Dueodenal is a hookworm. 
Nekostoma is another one. Ferritin is the most specific test for ion deficiency anemia, but 
bone marrow biopsy is gold standard with no iron on it.

Symptoms: pica, poilonykia (nail is bulging out), pallor is the hallmark finding, MCV less 
than 80...

In both anemia of iron deficiency and chornic disease iron goes down, just in iron 
deficiency TIBC goes up and anemia of chronic disease TIBC goes down and ferritin geos 
down in iron deficiency while it goes up in anemia of chronic disease. Serum transferrin 
receptors are up in iron eficiency anemia, normal in chornic disease, percent saturation is 
low in iron deficiency anemia, increased in anemia of chronic disease. TIBC is binding 
sites for the iron. There's a lot of binding sites, and they are open, but iron is not binding to 
them. TIBC goes down in anemia of chronic disease because there are no binding sites 
left, you're saturated with iron in your body, just not in your blood.

Anemia of chronic disease 

This is when you've got chronic inflammation, like you're hospitalized—that's one of the 
most common causes of anemia if you're hospitalized, actually. You have reduced 
proliferation of erythroid progenitors: you make less of them. This is more likely in older 
patients with crappy diets and weak bone marrow. Basically being sick is making you sick. 
It could be because of microbial infections, chronic immune disorders, or neoplasms. So 
like microbial infections, a common ACD source is osteomyelitis, endocarditis, and lung 
abscess. The chronic immune disorders it's rheumatoid arthritis, regional enteritis. For 
neoplasms it's carcinomas and Hodgkin lymphoma.

In anemia of chronic disease you've got increased iron storage in macrophages, and the 



Fe is stuck in the macrophages. Hepcidin blocks you from taking iron out of your 
macrophages. You get a decreased response to EPO because you've got so much iron 
everywhere. In labs, the transferrin will go down, ferritin will go up, but you have normal 
ferriin receptors. Normocytic anemia of chronic disease is more common. There's a 
decrease in TIBC, look up what that is.
End pathology

Sideroblastic anemia

In this anemia you can have high serum ferritin, just like in anemia of chronic disease. 
Sideroblastic anemia can also cause high ferritin. Sideroblastic anemia involves ringed 
sideroblasts in myeloblastic syndrome, and you give them vitamin B6 (pyridoxil) to fix that. 

You'll see iron in the RBC mitochondria because you've got some weird problems in your 
porphyrin metabolism, and that blocks your heme syntehsis. Serum iron is eithe rnormal or
increased. You get an icnrease in ferritin like anemia of crhonic disease, and in the bone 
marrow you see ring sideroblasts and cytoplasmic iron.

Basophilic stipplin is when you get those dots in your basophils. You have that, too. You 
should see these iron rings around your RBCs, that's called a ring sideroblasts. You'll see 
both normal and hypochronmic diseases in peripheral smears. So if you have dimorphic 
RBCs in a smear, sideroblastic anemia is a good guess. Alcohol is the most common 
cause of this, after that toxins like lead poisoning, zinc, copperf, MDS (Myelodisplastic 
syndrome, a refractive anemia with ringed sideroblasts) and drugs like chloramphenicol. 
You treat this with vitamin B6.

Macrocytic anemias, overview 

They are either megaloblastic, or non-megaloblastic. 

Non-megaloblastics are more common: Etoh, liver disease, aplastic anemia, 
hypothyroidism, round-shaped anemias.

Megaloblastics are less common: B12 deficiency, folate deficiency, MDS, oval-shaped, 
impaired DNA synthesis where the cytoplasm matures without the nucleus. In these you 
see hypersegmented neutrophils.

Megaloblastic anemia 

The two major causes of megaloblastic anemia are vitamin B12 and folic acid deficiencies.
They overlap a lot, but the B12 one is slightly more serious. Lack of one of these vitamins 
messes up your thymidine synthesis—they're co-enzymes—and you need that to make 
DNA. Can't make DNA, have problems making new cells, and that shows up first in your 
blood, where you're making new cells all the time.

In the peripheral blood you'll see macro-ovalocytes, anisocytosis, and poikilocytosis, with a
low reticulocyte-count and big, hypersegmented neutrophils with 5 or more nuclear lobes. 
In the bone marrow, you see waaaay too many cells, and they're all big: erythroids, 
myeloids, and megakaryocytes. That's because your body knows there's something 
wrong, so it puts out increased growth factor, and so you start making a lot more blood—
but without that thymidine you can't get beyond those early stages. They're big because 
there's so much cytoplasm, and cytoplasm doesn't need DNA, but the nucleus needs DNA 



to form! So you get stuck at the place where you make a nucleus, before you're supposed 
to take the nucleus away. So you'll get like the cytoplasm of a pale orthochronic 
normoblast, but with the nucleus of its precursor, the basophilic normoblast, a nucleus 
that's all clumped and un-condensed. 

Pernicious anemia is the major kind of vitamin B12 deficiency in your tests. When your 
immune system attacks your gut, your gut becomes unable to make intrinsic factor, and if 
you can't make intrinsic factor you can't absorb vitamin B12, and you just poop it out. 
Normally it's not like that. Normally pepsin frees vitamin B12 from food proteins, and then 
B12 is free to stick to R-binders in your spit and travel down into your stomach—basically 
R-binders protect them. Pancreatic proteases in the duodenem takes the B12 off the R-
binders. Then intrinsic factor made by the gastric parietal cells binds B12 and pulls it to the
ileum's walls. Then transcobalamin II takes B12 from the ileum's cells and pulls them into 
the proliferating cells, like in your bone marrow and stuff. When you've got inflammation 
down in your gut, this intrinsic factor is destroyed, and transcobalamin II never gets a 
chance to do its job. We know there's an alternate pathway where you can absorb like 1 or
2 percent, but we don't know where it is, and basically it's not as good as this IF pathway.

B12 is directly involved as a cofactor for turning homocysteine into methionine. This 
reaction is coupled to conversion of N5-methyltetrahydrofolic acid to tetrahydrofolic acid, 
which is where folic acid is important. Both of these reactions happen through the same 
methionine synthase enzyme. Then a derivative of FH4 (tetrahydrofolic acid) helps make 
dTMP (the thymidine precursor). B12 deficiency means you can't drive forward that folate 
reaction, so you get a lot of folate all stuck and built up as N5-Methyl FH4. You could help 
this problem a little by giving the patient lots of folic acid, since that's what's missing, but 
the real root of the problem here is B12.

B12 also works as cobalamin in another reaction. Methylmalonic acid.

Pernicious anemia is more common in Caucasians, and since it's often auto-immune, you 
should think women between 30 and 60. Women tend to get more auto-immune diseases. 
Type 1 pernicious anemia means you've got antibodies that block vitamin B12 from binding
to intrinsic factor, and this is a problem in 75 percent of pernicious anemia cases. 

Type II pernicious anemia is where the antibodies let B12 binding to intrinsic factor, but 
then when intrinsic factor carries B12 to the ileum wall and tries to bind to receptors to let 
the both of them in the door, THE DOOR SLAMS IN ITS FACE AND THERE'S NO WAY 
IN. Basically the antibodies bind to the receptors, blocking the intrinsic factor from getting 
through the cell walls.

Type III antibodies block the proton pumps in the parietal cells, which means the parietal 
cells can't make intrinsic factor anymore, and even if they could, the change in pH because
of blocked proton-pumps keeps the R-binder from being able to do its job and protecting 
the B12! This is seen in 90 percent of pernicious anemia patients, in their plasma. Wait, 
what about Type I? Well as you can see most pernicious anemia cases have mixed 
antibody defects. 

CD4+ T lymphocytes might be the main cause of the damage in pernicious anemia. We 
see the Type I, II, and III antibodies in patients without pernicious anemia, so maybe 
there's something else going on that makes this isolated sometimes, and often pernicious 
anemia comes with other autoimmune diseases like thyroiditis.



You could also have vitamin B12 deficiency because you've had an ileal resection (like 
after a colon cancer surgery), or because you have a tapeworm, or because you're 
pregnant or you're an infant and you just need more than you're getting. 

Chronic anemia deficiency
chronic gastritis-->your stomach starts to look like intestine, and has goblet cells 
everywhere, and that can turn into intestinal type stomach cancer

Central nervous system problems because of pernicious anemia will be bilateral
You'll see high levels of homocysteine and methylmalonic acid in blood

You actually diagnosis this with the cure: if you give them B12 then five days later they 
make a whole bunch of reticulocytes 

Pernicious anemia puts you at increased risk of gastric cancer because of the intestinal 
metaplasia thing also having more homocysteine can give you atherosclerosis and 
thrombosis

Now folate anemia!!!

FH4 is a middle man for a lot of reactions and helps transfer one-carbon units in them! 

Methotrexate blocks you from taking dihydrofolate back to the trahydrofolate so now you 
have no more tetrahydrofolate and then you can't make thymidine! Methotrexate is usually 
used in cancers because it shuts down DNA synthesis.

You need 50-200 micrograms of folic acid a day. (Remember B12 was 2-3 micrograms) 
Usually you get folic acid from green vegetables. Polyglutamates of folic acid can be 
destroyed by boiling, steaming, or frying so then you lose some folic acid.

People with celiac sprue might have folate absorption problems. Bascially any abosrption 
problems will give you folic acid deficiency.

Pregnancy, infancy, hemolytic anemias, and cancers all put more strain on your and make 
you need more folic acid to re-build your blood. Notice that hemolytic anemia thing—you 
really give a double-whammy to young black inner city kids who have bad diets because of
poverty, and so lack folate, and also have increased chance of sickle cell because of their 
genetics. 

Folic acid deficiency will not have neurologic changes because B12 is involved in stability 
of schwann cells (Friedrich's Ataxia and stuff) and so B12 deficiency you have ataxia and 
stuff. When pt comes in at first you try to treat with folic acid first, but if you treat with folic 
acid and the problem is actually B12 then treating with folic will make the neurological stuff
worse. Sometimes both could be deficient. So you treat with both at the same time to 
avoid neurologic injuries worsening—give both folate and B12! Remember if serum 
methylmalonic acid and homocystein is up then vitamin B 12 is deficient. Homocystein is 
elevated in both, methylmalonic is not elevated in folic acid because that's not related 
that's the other reaction B12 does

I guess you can drink all the alcohol you want if you take a multivitamin, and then you 
won't get anemias, but that won't protect you from liver failure and stuff so don't do that.



The worm diphylabutom latum can cause vitamin B12 deficiency.

Thalassemias

Thalassemias are a kind of microcytic anemia. All thalassemias are problems caused by 
inherited mutations in Hemoglobin A synthesis. So like Beta thalassemia is when you can't 
make Beta chains well, and alpha thalassemia is when you can't make alpha chains right. 
Beta globin chains are made from chromosome 11, and alpha globin chains come from 
chromosome 16. You get two alleles from each parent for alpha chains, and one allele 
from each parent for beta chains, so there's more variation in problems with alpha chains 
than beta chains. Chromosome 11 is two ones, and there are two beta alleles. 
Chromosome sixteen is 4 4s, and there are 4 alpha alleles.

Thalassemia heterozyges are protected from malaria falciparum, so a lot of people in the 
Mediterranean, Middle East, Tropical Africa, Indian subcontinent, and Asia have lots of 
thalassemia. It's up to like 16 percent in the Mediterranean basis. In the Mediterranean 
they do lots of screening.

Beta thals are in two major categories. There's Beta zero, and beta plus. Beta zeroes are 
missing beta globin completely, and you make zero, and beta plus there's reduced beta 
globin synthesis. Beta thalassemia mutations could be splicing, promoter region, or chain 
terminator mutations. 

Remember beta thals are things like that, while alpha thals are only deletions.

Splicing mutations are the most common kind of beta plus mutation. Most of the mutations 
are inside the introns, and of course that usually doesn't matter unless you change the 
splicing site. (You can review this stuff on Biochem pg. FIXAL if you want) Mutations that 
totally destroy splice junctions will mean you get no beta chains.

Promoter gene mutations can reduce your transcription by 75 to 80 percent. These are 
beta plus mutations, because you still make good stuff, you just don't make enough. 

Chain terminator mutations are usually in your beta zeroes.

One interesting side problem with beta thal is iron overload. Why? Because you get too 
many alpha chains, just floating around looking for their buddies, and they all get 
destroyed in the spleen. So you make a whole bunch of stuff that you break again, and 
you get all this iron floating around now. You treat this with blood transfusions, but then 
most of those are old blood cells, so they won't last 120 days, so you break those down 
too, and you get more iron overload! So you have to worry about iron overload.

This actually gets worse, this iron overload. Your body knows you're not making enough 
blood, so it decreases your hepcidin, and that opens the floodgates for you to absorb iron 
like there's no tomorrow. Yay more iron overload!

You can also get bone erosion and impaired bone growth and skeletal problems because 
your red blood cells in your bone marrow are trying to hard to grow and they kind of push 
everything else out of the way. You usually make bone marrow in your axial skeleton. But 
in this beta thal problem, you will also have the liver, the spleen, and lymph nodes trying to
help making blood, too, just like they did when you were a fetus, and they take a lot of 
nutrients away. That causes cachexia, or wasting, where a lot of nutrients are stolen by 



these organs and the other organs don't get any. You're malnourished.

Remember that iron overload causes heart failure, pancreatic failure, and cirrhosis. The 
iron deposition will be so bad on your heart that it will show up black in bone density 
scans! This leads to fibrotic heart disease.

When you look at a skull X-ray of someone with beta-thalassemia, you'll see a 'crew-cut' 
X-ray. This is because you're making so many erythroid precursors that the bone marrow 
expands, and then it expands so much that you start thinning out your cortex. Well your 
cortex was the strong part of your bone! So it's like having super-duper osteoporosis. You 
get so much expansion that the cortex can't keep up, and you get little-bitty fractures in 
your skull bones. It looks like ice crystals, or like when you put plastic bottles full of water 
in the freezer and the plastic cracks. FIXAL put picture of beta thal skull from the ppt The 
skeletal changes can cause hyperuricemia. That's the by-products of you eroding your 
skull.

Because you're making SO MANY red cells, you need more folate than normal. And of 
course that's going to be a folate deficiency if you don't eat extra folate, so that's going to 
lead to a macrocytic anemia, on top of your microcytic anemia. That makes your RDW go 
up in labs. It's going to get really big like 18-19. Remember that most of your anemia will 
still be microcytic, especially if you're under treatment and eating enough folate.

So in labs, you'll see decreased serum ferritin—less iron stores—increased hepcidin—less
stuff to inhibit iron absorption—increased ferroportin—more iron transport—and increased 
erythropoietin—more desperate production. You'll also see more HbA2 in the blood, and 
more Hb F in the blood. HbF has an increased oxygen affinity, though, so it's not good at 
delivering the oxygen to tissues as much, and that is part of what makes you make more 
erythropoietin. Hyperuricemia, decreased folate, and a crew-cut X-ray. Your red blood cells
will be hypochromic.

Hemachromatosis is when you have iron overload. This is secondary hemachromatosis. 

Clinically, we also classify beta thals by how bad they make you feel. Beta thal major is a 
severe transfusion-dependent anemia. Minor is mild, asymptomatic microcytic anemia, 
and Intermedia is moderately severe disease, where you may sometimes need 
transfusions but you don't have to have them all the time to survive. These could be a mix 
of the genetic types—you could have one beta zero allele, and one normal beta allele, or a
beta plus and a beta normal, or a beta plus and a beta zero, and so on. If you're beta zero 
and beta normal you're probably Intermedia; if you've got one beta normal you're probably 
Minor; if you've got two messed up alleles like two beta pluses or zeroes or beta zero and 
a beta plus you're probably in major.

Remember the normal hemoglobin range is 12-15 gm/dL. In beta thal major you're down 
to 3-6 gm/dL. You've got clinical symptoms at 6-9 months of age, when your HbF switches 
to HbA. HbA levels will be way low. You will die very early if you're untreated, but you might
survive into 30-something with treatment, and bone marrow transplant might cure you. 
Look for skeletal abnormalities, hepatosplenomegaly, and iron overload. You might treat 
iron overload with iron chelator defuroxamime, which makes iron easier for you to excrete, 
and this patient will need transfusions to survive. In blood smears you'll see anisocytosis, 
poikilocytosis, microcytosis, hypochromia, target cells, and reticulocytosis. Target cells 
happen because those extra heme products—like those extra alpha chains—tend to blob 
up together in the middle of the cell, making that bull's eye. Reticulocytosis means you just



have the big red cell precursors, with NO NUCLEUS, that are more blue. But you'll also 
see some nucleated red cell precursors. You'll also see bite/helmet cells. Basically you'll 
see everything, a big mess. FIXAL PICTURES Beta thal major is also called Cooley's 
anemia.

Beta thal minor is way more common, and your HbA2 is more consistently increased than
in major, and HbF might be only slightly increased, not as much as beta thal major. You're 
going to see more hypochromia, basophilic stippling, target cells, and microcytosis. What's
basophilic stippling? That's when you see blue dots in your basophils because they were 
breaking down heme. You see this more in the minor than the major.

Alpha-thals have a severity that's totally dependent on the number of alpha-globin genes 
affected. You'll see different tetramers. A hemoglobin bart is a gamma4 tetramer. This is 
when you have too many gamma globin chains. You see this in newborns. Hemoglobin H 
is a beta four tetramer. This is in children and adults. Alpha thalassemia could be silent if 
you only have one abnormal allele, and three normals, and then you may maybe get a 
mild microcytic. Four is hydrops fetalis, you die, because you can't survive without alpha. 
Occasionally these people will survive for a little bit because you give lots and lots of 
transfusions that you start when they're in the uterus. Three or two you could have the 
alpha-thalassemia trait, or the Hemoglobin H disease. 

A2 levels will be normal or low in alpha-thals.

Hemoglobin H inclusions you'll see so many dots in your RBCs, like they're snowballs of 
dots. Those are seen in stains of some kind look up the name FIXAL

Parvovirus B19 can be deadly to folks with thalassemias, because it impairs their 
hematopoetic abilities.

Iron def anemia vs: thalassemia: low MCV in IDA, low MCV in thal. So tht'as similar, but 
thal will have a MUCH LOWER MCV. In thal you get a normal or mildly increased RDW, 
while you get a definitely increased RDW. See, they look similar, it's about degrees. In ADA
you have low iron, increased TIBC, and low ferritin—all the iron stuff is normal in 
thalassemias.

Macrophage helps you make hemoglobin. How? It collects iron from one place and 
extrudes it eslewhere, where it gets into your RBCs, and gets into your mitochondria, and 
then getsi ncorporated into your heme. In iron deficiency anemia iron gets stuck in your 
macrophage.

In anemia of chronic disease, the iron gets stuck in the macrophage. If it can get out and it 
gets stuck in the mitochondria, that's sideroblastic anemia. In iron deficiency anemia, you 
never get it into the macrophage. If you don't have enough vitamins, and you can't process
the iron in cytoplasm, that's megaloblastic anemia.

Bone marrow failures

Start with aplastic anemia. Aplastic, you don't make things. A, not. Aplastic anemia is when
there's a bone marrow failure that makes you have pancytopenia—lack of ALL your cells, 
from platelets to RBCs to leukocytes to everything. You could acquire this from viruses and
stuff, or you could inherit it, like in Fanconi's disease.



Idiopathic forms are some acquired stem cell defects and such, and some cancer drugs 
like alkylating agents, and some other chemicals like benzene and chrloramphenicol and 
inorganic arsenicals and other stuff can cause aplastic anemia. This is usually dose 
related. It oculd be idiosyncratic, where it's not dose dependent and it's wild and strange 
and random, like after you get gold salts and organic arsenics and carbamazapine ,and 
penicillamine and phenylbutazone and such. This idiosyncratic category means it's not 
dose dependent or as easily reversible.

If you get your whole body irradiated, or you work as an X-ray tech and you didn't wear 
your lead vest, then you could get an aplastic anemia.

Hepatitis, CMV, Epstein Barr, and Herpes zoster are viruses that cause aplastic anemia. 
These are all acronym-having viruses. Hep, CMV, EBV, HV, etc. ETC doesn't cause 
aplastic anemia, though.

Fanconi anemia is autosomal recessive. It's when there's a problem in a multiprotein 
complex you need for DNA repair. You'll see the anemia early in life. Hypoplasia of 
kidneys, spleen, and some bones like the thumbs and radii will also show up with 
abnormalities like two thumbs or something. FIXAL PICTURE FLASHCARD Fanconi think 
fingers

Telomerase defects are when you have mutations in your telmoerase and you get 
shortened telomeres. 5-10 percent of adult-onste aplastic anemia is this. 

We don't actually know exactly what makes your bone marrows stop making stuff. It could 
be immune-mediated suppression of marrow progeneitors, or an intrinsic abnormality in 
stem cells. If it's immune mediated, the alteration in the stem cells because of the 
exposure scares your T-helper cells, which make interferon gamma and TNF and start 
killing the weird stem cells. We have some evidence for this mechanism: we notice that the
apoptisis genes are upregulated in aplastic anemia bone marrows, and the same genes 
are upregulated in normal stem cells exposed to interferon gamma, so we think that's 
involved somewhow. There's a strong associationg between paroxysmal nocternal 
hemoglobuinuria is that what PNH stands for and aplastic anemia

In aplastic anemia RBCs will be slightly macrocytic and normochromic. Your bone marrow 
will be really weird. You'll get fat cells, fibrosis, and plasma cells, and hypocellularity. You 
normally get increased bone marrow fat as you age—take your 100 and subtract your age,
to guess the percentage of fat in your bone marrow, they say. So this is kind of like you're 
aging abnormally.

Aplastic anemia can happen at anyage, any sex, insidious onset. Weakness, pallor, 
dyspnea, petechiae, ecchymoses, infections, chills, fevers. Reticulocytopenia, no 
splenomegaly.

You try to treat with immunosuppressive therapy or a bone marrow transplant.

Most commonly they come in with weakness nd pallor and shortness of breath. This could 
be hard to differentiate from pure red cell aplasia, which is caused by neoplasms like 
thymomas and large granular lymphocytic leukemia and autoimmune diseases and drug 
exposures and parvovirus B19—all of those things can make you stop making red blood 
cells. We believe it's auto-immune because resection of the thymoma often leads to 
improvement, so tummors may be a srouce of marrow suppressive cells, and 



immunosuppresive therapy often helps, and plasmapheresis which is taking anti-
erythrpoietin antibodies out of your blood that can also be helpful. So yeah that's pure red 
cell aplasia.

Parvovirus B19 like to selectively infect and destroy red cell progenitors.

chronic renal failure can also be bone marrow failures
Most of our assays are bad at detecting erythropoietin lack, which is often due to renal cell 
carcinoma.
This is easy to treat because you can get Epo from Johnson and Johnson!

Myelophthisic anemia and 
Myelopththisic anemia is when you have space-occupying lesions that replace your normal
bone marrow. That's like tumors and stuff. That distorts and causes fibrosis in your bone 
marrow and that messes up your regulatory mechanisms too. You'll see erythroblastosis 
and teardrop shaped cells as a result of this. 
Teardrop is because they can't get out of the croweded space in the bone marrow and 
they have to squish out. Granulomatous disease or Tb can cause this, or like fungus, or 
like lupus, or like chronic granulomatous disease, or other stuff where you've got lots of 
granulomas. Myeloproliferative neoplasms too. But the point is there's something taking up
space where it shouldn't.

Some more anemia notes 

Elliptocytes
Spherocytes
stomatocytes the defect is sodium/potasium permeability of rbc membranes, this is seen in
alcohol and liver disease, it's when an RBC has this like white stripe in the middle 

Some RBCs have weird surface projections on them. Echinocytes look like hedgehogs. 
They're also called burr cells. You see them in renal disease, burns, and also in 
hemotology tubes fixed with EDTA (so they're just artifacts, that's the most common 
reason you'll see them—an EDTA artifact, just something that was created by you and not 
natural in the pts' blood. You reverse this by drawing the same blood and putting it in 
heparin 2).
Macloid syndrome and a beta lactoproteinemia you might see acanthocytes. Acanthocytes
are like echinocytes but more like stars, less spiny.

Bite cells you might see heinz bodies like G6PD 
Basophil stippling and punctate basophilia is the same thing, and it's non-specific, could be
a lot of stuff. The dots are made of RNA.

Howell-Jolly bodies are these super-dark dots that look red and perfectly round, and 
they're RBC inclusions made of DNA. Heinz bodies are bluer, more ragged inclusions 
made up of hemoglobin that you see in G6PD. You can't see Heinz bodies in normal 
Geimsa stain—you need a supra-vital stain to see. You also need a supra-vital stain to see
hemoglobin H.

IgM is a cold antibody (precipitates under 30 degrees), while IgG is a warm antibody that 
precipitates later. IgM is seen in Eppstein barr mononucleosis and will make your RBCs 
agglutinate in the cold.



Look up RBC rouleaux and its causes 

In malaria RBCs you might see double-dot chromatin, which looks like headphones on the 
RBC, these little round dots wit hcircles around them. Banana gametocytes you might see 
in plasmodium falciparum malaria. It's a very serious malaria that causes cerebral malaria. 
You will see these bananas that have mold on them. Knowlesi is another kind of malaria 
that looks like falciparum at one stage, and another thing at antoher stage. Malaria vivax 
isn't as prevalant in sub-saharan african countries as plasmodium falciparum because 
Africans lack a gene called the Duffy gene, and they're Duffy negative, and that 
plasmodium virus likes to attack the receptor site of the Duffy gene. But you find Vivax in 
South America and Asia.

Babesiosis is when you see intra-erythrocytic forms. No history of travel. Looks like you've 
got neutrophil-type nuclei in your RBCs—like you've got these lobes of things, the Maltese 
cross, like these lobular cross things. That's diagnostic for Babesia.

Cabot rings could be rings, could be in a figure eight, they're really unique because it's like 
there's these thin drawings in your RBC. The rings are made up of microtubules, and these
are remnants of the mitotic spindle. They can be seen in megaloblastic anemia and also 
lead poisoning.

Tear drop cells are RBCs that look like tears, a circle with a projection on the end. 

Erythroblastosis Fetalis

This is when your mom's blood attacks your baby's blood. Somehow the baby's RBC 
antibodies got across her placenta a little, and into her blood—and then acted like a 
vaccine, immunizing her against baby's blood antibodies. She could be Rh- while baby's 
Rh+, or she could be O while baby's AB, or something like that. So basically she touches 
baby's Abs, usually in the third trimester when there's no cytotrophoblost barrier, and her 
blood freaks out. “What the hell is that stuff? I better get ready to fight that if I ever see it 
again!” And you make a whole bunch of antibodies against baby's RBCs. That's not such a
huge problem while the baby is sequestered safely in the placenta, but once the baby gets
out, and there's bleeding everywhere, the baby will be violently attacked by the mother's 
blood. Which is not good because the mother's blood is kind of inside the baby still, too...

The antibodies that the mom makes for Rh incompatibilities are IgG. You treat the problem
by making RhIg (antiD) that are antibodies against the antibodies. You give that to the 
mother before delivery, at 28 WGA, and after.

If there's an ABO incompatibility, there isn't a really good treatment—you just have to give 
a transfusion and make an early delivery via C-section. That's because these antigens the 
baby has all over, not just in his blood, but on all his little liver parts and stuff, and because 
the mother's antibodies against him are IgM AND IgG, and its' hard to treat both of those at
the same time. 

If this goes untreated, the baby gets anemia, and hemoglobin degradation that causes 
bilirubin, jaundice, and kernicterus eventually. Remember kernicterus is when 
unconjugated bilirubin gets all up into the brain and poisons it, crossing the BBB because 
baby doesn't have a BBB yet. The anemia will cause cardiac compensation, which then 
acts like CHF and causes hydrops fetalis. The baby will try to save himself by making as 



many RBCs as possible, so you see erythroblasts made in the spleen and everywhere 
else. This makes the baby's liver and spleen big. When you look at a biopsy of baby's liver 
there will be all these little black dots in clumps everywhere. That's the inflammation. And 
you'll see erythroblasts, too, those darkened big-colored blood cells.

The baby will also be phototoxic, maybe. That's because light oxidizes unconjugated 
bilirubin to dipyrroles, and you need to transfuse that and give RhIg. 

You can, by the way, get hydrops fetalis for non-immune reasons. Cardiovascular defects, 
pulmonary problems like a cystic adenomatoid malformation, diaphragmatic hernia, 
multiple malformations, transfusions between twins, infections, and so on and so forth. 

PKU 

This is most common in scandinavians, and most uncommon in black folks and Jewish 
folks. This is when you don't have phenylalanine hydroxylase and so you have lots of 
hyperphenylalaninemia and that's called PKU. You have so much phenylalanine that it 
gets in your CNS and poisons you with seizures, and makes your skin and hair not have 
enough pigment (since you aren't making tyrosine down the line), and you get eczema, 
too, but who cares about eczema when you're dealing with seizures.

Babies born will smell musty and mousy, they say. That's because the metabolites of 
phenylalanine, especially phenyl acetic acid, smell funny. Typically we talk about PKU, 
which is phenylalanine in the urine, when we talk about diagnosing these patients.

You restrict your diet mostly in the first few years of life, because once you get stronger 
your body might be able to tolerate lots of foods, and you might go on and become a 
mother. Unfortunately, all the phenylalanine in your blood is teratogenic! That will mean 
that 75-90 percent of babies born to PKU mothers will have mental retardation and 
microcephaly, and 15 percent will have heart defects. So they need to go on a serious 
phenylalanine diet before and during pregnancy to prevent this.

Other defects in other genes can cause PKU also. As long as you have 6 percent of your 
enzyme activity, you'll only have mild PKU. You'll come out positive, but you don't have all 
the terrible CNS defects and such. And some genetic variants, like that, won't need to be 
treated with diet.

Galactosemia 

This is another autosomal recessive disorder, like PKU. Here you're missing the galactose-
1-phosphate uridyl transferase, which is the second reaction in galactose metabolism.  
Some people are defective in the first reaction, which is galactokinase. Both of these 
reactions are for breaking down galactose after you already turned lactose into glucose 
and galactose via lactase in your intestine.

Galactosemia means your body will go through other pathways with that galactose. It'll be 
shunted into making G1P and galactiol. G1P will accumulate in your liver, spleen, lens of 
your eye, your kidney, your heart, your brain, and your RBCs. Cataracts because of 
galactiol. G1P gets stuck in your neurons and glia and you also get edema. In the liver 
look for fatty cirrhosis/steatosis. The gonads are also directly attacked. Even if you're a 
heterozygote you'll still get a mild form of this. 



Right away when the baby is little you'll notice she's not thriving, and she's vomiting and 
having diarrhea a few days after she first gets milk. The hepatomegaly and jaundice shows
up in one to two weeks, and the cataracts take just a few weeks. The mental problems are 
6 to 12 months, so they don't pop in as fast as PKU, so you have a chance to hop in there 
at the first cataracts sign and get rid of the galactose in her diet. The parents might bring 
her in because of an infection or something, because she'll have a tendency towards both 
aminoaciduria and E. coli sepsis because the G-1-p hurts her kidneys and makes them 
delicious and easy to infiltrate as a bacteria. Your diagnosis will be red sugar in the urine 
that's not glucose. You'll treat her with galactose restriction, and she'll probably need 
speech therapy no matter what. 

Bleeding Disorders 

You should review bleeding on Biochem pg. FIXAL. (fix those notes using the pathoma pg.
34)

Two different kinds of bleeding disorders: hemophiloid, and purpuric.

Most purpuric bleeding disorders show up when your capillaries get cut. Usually it's small 
capillaries that shouldn't bleed a lot, and then you don't stop bleeding. Some patients will 
get mucous membrane bleeding like epistaxis and menorrhagia. Menorrhagia is when you 
have too much bleeding during your period, and epistaxis is when you get random 
bleeding from your nose. These patients might have little purpura or petechiae and things 
under their skin that show the capillaries are having problems. These are platelet 
problems, not clotting factor problems, so you check them with platelet count, bleeding 
time, blood smears to look at platelets, and bone marrow biopsies to check that the 
megakaryocytes which make platelets are doing their job. Purpuric states are different 
from hemophilia because if they're hereditary there's no sex-linked history. These are you 
disorders of primary hemostasis.

Hemophiloid states, on the other hand, usually show up from an arterial bleeding source, 
with large bruises that are intramuscular or visceral. The onset of bleeding might be 
delayed after trauma, and in surgery they often start bleeding after they should already be 
out of the woods. So like after circumcision and wisdom tooth extraction you start bleeding 
after they're done and won't stop. You get hemarthrosis sometimes, which is deep tissue 
bleeding into your muscles and joints. You study these with PT and PTT. PT measures the 
extrinsic and common pathways, while PTT measures the intrinsic and common pathways 
of the coagulation cascade. These are clotting factor problems, and not usually platelet 
problems. These are rare in females, and are usually sex-linked. These are your 
disorders of secondary hemostasis.

When you're diagnosing a bleeding disorder, you have to look at dietary history for scurvy 
and drug history for aspirin and sulfonamides, and disease history for leukemia, uremia, or
liver disease. Sometimes you can have a bleeding disorder secondary to other things. This
is different than having a disorder of secondary hemostasis.

What are the normal lab values you need to know? 
• A platelet count should be between 150-400 K/mL3 of blood.
• A bleeding time should be between 2-7 minutes, and it'll be prolonged in both 

“quantitative and qualitative” platelet disorders. This q thing just means platelet 
disorders can be because you have a low number of platelets, or because the kinds
of platelets you have can be bad.



• A blood smear or bone marrow biopsy should show the same platelets you saw on 
histology.

All those tests test for what? Purpuric, platelet, or primary hemostasis disorders. PPP! You 
can also run platelet aggregation tests by adding chemicals to the blood sample that 
should aggregate the platelets, and then seeing what happens.
PTT and PT change depending on the instrument, says Dr. Baez, but a PTT is normally 
between 30-35 seconds, and a PT is normally between 10-12 seconds. What do these 
measure? Yeah, PT measures extrinsic and common pathways, so factor VII and factors 
II, V, X, and fibrinogen. PTT measures intrinsic and common pathways, so XII, XI, IX, VII 
and I, V, X and fibrinogen. PT basically measures 7. Associate factor 7 with PT, and 
everything else with PTT.

So most disorders fall in these two major categories, but blood disorders can also be 
caused by vasculitis and other things that make your vessels more fragile, and by a 
combination of disorders. Folks with fragile vessels might have normal bleeding time, PTT, 
and PT, but they bleed too much.

Platelet disorders, like we said, can be divided into number problems, or quality 
problems: quantitative and qualitative. The most common cause of qualitative platelet 
problems is because of meds, specifically aspirin, because it irreversibly inactivates COX 
to you don't have TXA and you hurt platelet aggregation. Here are some other qualitative 
platelet disorders.

Bernard-Soulier Syndrome is when you have a problem in your Gpfb gene, which 
normally helps your platelets stick together. When you look at the blood smear, you'll see 
“mild thrombocytopenia” and really big platelets.

Glanzmann thrombasthenia is when you've got a problem in your GPHb/IIIa gene, which
helps your platelets aggregate. BSS is for adhesion, GT is for aggregation. That is 
because Ad comes before Ag in the alphabet, just like B comes before G.

The next two are quantitative platelet disorders.

Immune thrombocytopenic purpura is when you make antibodies against your platelets.
The antigens on your platelets are GPIIb/IIIa, and the antibodies your body makes against 
them are IgG. This can be acute or chronic. The acute kind you tend to see in kids after a 
viral infection. You destroy these platelets in your spleen, and in very serious cases you 
have to take out the patient's spleen. This is actually the most common cause of 
thrombocytopenia in kids and adults. 

Thrombotic thrombocytopenic purpura Normally in women, metalloprotease deficiency,
look at ppt

Microangiopathic hemolytic anemia is 

Patients with hemophilia will have PTT prolonged.

Patients with Christmas disease will also have PTT prolonged.

Disseminated intravascular coagulation is a mixed disorder, where it's got clotting factor
problems, but when the platelets see these clotting factor problems, they self-destruct—
they see lots of little disseminated clots and decide they're not needed. So you get kind of 



like a sepsis blood, where you're all leaky but some of your blood is all clotted up, like 
you've settled out of solution. Not great! You use a special test for this, looking at the 
breakdown products of fibrinogen. You expect fibrinogen to be low, and its break-down 
products to be high.

Interpreting a CBC

Leukemia

Transfusion Medicine 

Hodgkin's Lymphoma

Plasma Cell Dyscrasias

A normally-differentiated B-lymphocyte should have a large “clock-faced nucleus” placed 
asymmetrically in the cell. Review how plasma cells develop in immunology pg. FIXAL.

You get neoplasms for the stage right before the plasma cells. The neoplasms usually 
secrete monoclonal immunoglobulins, and/or they secrete lots of excess light chains or 
heavy chains. You can find monoclonal gammopathies in the pee. Usually you don't get 
just a lot of heavy chains, but you can.

The myeloma cells from from the bone marrow, of course. The whole neoplasm, they'll all 
make too much of the same immunoglobulin. It's often IgG. 

Heavy chain disease is when you only release heavy chains. This is very uncommon. You 
see it in some small bowel marginal zone lymphomas and lymphoplasmacytic lymphomas.
Heavy-chain disease is not in and of itself its own entity—it is what happens when you 
have other diseases.

Primary amyloidosis is when moncolonal plasma cells secrete lots of light chains, and they
get deposited as amyloid glumps and stuff. You know a little about amyloidosis. This can 
happen in both plasma cell myeloma, or from minor clonal plasma cell population. Again, 
this is an effect, not a cause. When you do a Congo Red Stain, with the apple-green 
birefringence, you'll see the protein deposits.

Plasma cell myeloma or multiple myeloma is your most common monoclonal 
gammopathies. Look for “multifocal involvement of the skeleton,” so it's not just one place 
in your bone marrow you're messed up, and late in the disease it could even be in your 
lymph nodes and skin that have cancer. This is more common in men than women, and 
the average age is 65-70 years although you could get it early 60s or late 50s. 1 percent of
all cancer deaths worldwide. There's lots of IL-6 that the tumor cells and bone marrow 
stromal cells secrete. You also start resorbing your bones, eating them back up, which 
leads to fractures and hypercalcemia. That's because M1<<find spelling upregulates 
RANKL, which encourages more bone resorption by activating more osteoclasts. IL-6 also 
encourages more generation of osteoclasts. The mutation in this disorder usually comes 
from Ig heavy chain genes on chromosome 14—you could have translocation from 
tyrosine kinase receptor genes, transcription factor genes, or cell cycle regulators. When 
you see a group of plasma cells all bundled up in your axial skeleton, that's a 
plasmacytoma. They're dangerous tumors that cause punched-out bone defects, where 



they've been helping resorb the bone. You will see a few plasma cells in the bone marrow, 
and in the peripheral blood you'll see Rouleaux formation (stacked RBCs) and maybe 
some plasma cell leukemia. The Rouleaux formation is pretty characteristic. Normally you 
shouldn't see lots of plasma cells clumped together, but in this cancer you will. You could 
see a false Rouleaux formation in a normal pt if you're not looking at the edge of the smear
like you should—you have to look at the edge because the center of the smear clumps all 
up. You'll see some flame cells that are plasma cells but look like there are flames coming 
out. You might see collections of Igs hangin out in the plasma cells, making them look 
warty and bumpy and full of blobs. Also they get pretty big. Russel boddies are what 
they're called when those vesicles are out in the cytoplasm, and Dutche bodies are when 
it's in the nucleus.

For multiple myeloma, think CRAB: hypercalcemia, renal insufficiency, anemia, bone 
lesions on Xrays. Clinically, multiple myeloma will have lots of kidney problems because 
youre' depositing Igs everywhere. You'll have amyloidosis or like Bence-Jones proteinuria 
with lots of light chains. You will also have more bacterial infections. Why? You aren't 
making as many normal Igs, so your humoral immunity is kind of overwhelmed by bad B-
cells. Cellular immunity's still working though.

Lab tests you'll do like SPEP, a serum protein elecrophoresis, to see what kind of proteins 
you've got. Normally you've got a huge spike of albumin, and everything else is low, while 
in abnormal you'll see an M-spike—just as much Igs floating around as albumin! So much! 
So in the electrophoresis on the plate you'd see a really dark stain far back, a heavy stain, 
in the gamma region. You should just see a dark dark albumin stain far ahead on the plate
—you know, it moved a lot because albumin is light—but in multiple myeloma you'll see 
this dark thing hanging back because it's heavy. You could also do an electrophoresis 
comparing your sample with IgGs and IgAs so you know what kind of Ig you've got. Once 
that spike gets big enough you have a multiple myeloma, not an MGUS. MGUS is a milder
multiple-myeloma-like disease. You would get these electrophoreses SPEPs done often.

Patients with more bone lesions have a worse chance of survival, because they're 
probalby going to get a lot of pathological fractures that make them bed-ridden, and of 
course for older patients that's a huge deal. A smoldering or MGUS myeloma might go on 
for a long time before it converts,. Folks with the t(11;14) chromosome translocation have 
a better chance than pts with a t(4;14), 13q, and 17p deletion.

You could also just have one plasmacytoma, instead of multiple myeloma. If it's outside the
bone, you could just take it out and it probably won't come back. That's nice! If you get it in
the bone, it's dangerous because they might have more than one, and might actually have 
multiple myeloma. 

Some folks have elevated monocolonal plasma cells in bone marrow, and mildly elevated 
but less than 3 g/dl of monoclonal immunoglobulins in their urine, and no CRAB symptoms
of myeloma. These are the MGUS pts I keep talking about. These pts might progress to 
smoldering myeloma. Your risk increases a little bit each year, but we don't know why 
some people progress more than others. 

Other folks have more than 10 percent monocolonal plasma cells in bone marrow, and 
more than 3 g/dl of monoclonal immunoglobulins in their urine, but no CRAB symptoms of 
myeloma. Those are your smoldering myeloma pts. 75 percent of them will progress to 
plasma cell myeloma (multiple myeloma) withing fifteen years. Once you've got more 
than 3 g/dl of monoclonal immunoglobulins in your urine, it's myeloma territory. So 



once you start getting skeletal lesions you're into multiple myeloma, where you're going to 
also get hypercalcemia, and with that stuff over 3g you start getting the amyloidosis too, 
and so you can logically see how just as soon as you've got one thing you'll have 
everything else.

Lymphoplasmacytic lymphoma is when you've got a b-cell neoplasm where many tumor 
cells turn into plasma cells, and they all secrete monoclonal IgM. Instead of being a bunch 
of plasma cells making Benz-Jones proteins and renal failure and IgGs, you've got a tumor
that then sometimes differentiates into B-cells. It's like instead of making too many plasma 
cells youv'e got a tumor that might then turn into them. That increase in IgMs makes your 
blood really viscous, which is called Waldenstrom macroglobulinemia. That's a big 
difference from your IgG or IgA secretions! Most LL patients make IgM, while most MM pts 
make IgG, but some LL pts might have IgG or IgA. This happens because you delete 
chromosome 6q, often. Lymphoid components express CD20, by which I mean they are B-
cells that then turn into plasma cells. Plasma cells don't express CD20. This is a 
lymphocyte, not a plasmocyte, disease, so not like multiple myeloma—it's not just a whole 
bunch of plasma cells being made out of control, it's a tumor of lymphocytes that then turn 
into plasma cells. You will see weakness, faigue, weight loss, inflated lymph nodes, 
hepatomegaly, and splenomegaly. The hyperviscosity is a really big problem because it 
makes your neurological veins and the retinal veins clot and stuff, so you get visual 
impairment and neurological problems. Macroglobulins might form complexes with your 
clotting factors, using them all up so that you bleed easy because you don't have clotting 
factors left to use. Also if you go into the cold, your macroglobulins will precipitate! So keep
these pts warm, and before you give them blood warm it up so they don't have clots and 
things. You have to transfuse them often, take out lots of their plasma and put the RBCs 
back in—that's plasmapheresis. You can't really cure this disease, but you can push 
median survival out to four years with CD20 Retuximab and other chemo that attacks the 
tumors.

Non-Hodgkin's Lymphoma

Follicular zone, CLL, ALL, they are all non-hodgkin's lymphomas

Hystiocytosis & Splenic Diseases

Endocrine Pathology

1838 Graves, from Ireland, discovered Grave's disease, but in Europe it's called 
Basedow's disease because they like to attribute it to an 1840's discovery by a German 
dude. Actually, it was a 12th century Persion physician who really discovered it, but his 
information didn't spread. Graves was kind of a cool guy, and wanted on his gravestone 
only the words, “he fed fevers.” Because at that time they didn't feed patients who were 
sick, but he took care of them and treated the patient and not just the disease.
end pathology



Chapter 15: Pathophysiology

Pathophys is kind of like an intro to internal medicine.

Corazon

Electrophysiology of the Heart: EKG and diseases

Review Physiology pg. FIXAL, and Rapid Interpretation of EKGs. The 
FCARDS:pathophysiology:cardiology are pretty much the best for this.

Remember how to read an EKG.

From one line to another on the paper is 3 seconds. One little square is 0.04 seconds, and
one not-little square is 0.20 seconds. A little square is 1 mm or 0.1 mV tall. And one big 
square is Five mm tall, while two squares is 10 mm or 1.0 mV. The easiest way to 
calculate rate is to look at the point of the QRS, and every big square after it you go down, 
first 300 bpm, then 150, then 100, then 75, then 60, then 50, and you see where the 
next QRS peak is and that's your heart-beat. Normal rate is 60-100. This is explained in 
detail in Physiology pg. FIXAL. 

Each piece means a different thing.

The P is the soft bump, and the QRS segment is the spiked bump. A PR segment is from 
the end of the P to the beginning of the Q; a PR interval includes the whole P wave. PR 
should not be more than 0.20. QT interval includes the QRS waves and the T wave.

Insignificant Q wave: A benign Q wave that's slightly bigger down than normal, but still 
really short in time and therefore not pathological. It's less than 0.03 msec. To the contrary,
a pathological one is more than 0.03 msec. If the Q is 1/3 or more of the R wave, it's also a
significant Q wave.

QT interval is normally 0.46 msec. QTc is a corrected QT, where you add 1.75*(ventricular 
rate minus 60). We do this correction because people have different QT intervals based on
their different ventricular heart rates, and this helps standardize everybody a little bit (kind 
of like how you have to correct sodium values based on the glucose someone has in their 
body in renal).

In an EKG, the U-wave, a little one after the T (repolarization of the heart), shows 
hypokalemia. You almost always see it in children under two, but it's often transitory. ST 
elevation of 2 mm or more suggests an infarct, with ischemia.

Each lead is a different part of the heart.

Lead II, III, and AVF is the inferior wall (fed by the right coronary artery, like the posterior 
interventricular part)
Lead V3-V4 are the anterior wall, fed by the left anterior descending
Lead I, AVL, and V5-V6 are the lateral wall, fed by the left anterior descending
V1-V2 are the septum, fed again by the left anterior descending
LCx is the posterior and lateral wall, fed mostly by pieces of the left circumflex and some 
last branches of the RCA



The best way to learn these is to look at the pictures and learn to identify them, so I made 
some FCARDs for ya from pictures my teacher presented in class. I can't sell those since 
they're not mine, so they're not here, they're in the free FCARD add-on. = ) 
FCARD:cardiology

It's also good to know where different problems come from, not just what they look like on 
EKG. Cardiac arrhythmias either come from impulse formation problems, or impulse 
conduction problems. Impulse formation problems could happen because pacemaker cells
start firing more easily than they normally should (enhanced automaticity), or when cells 
that shouldn't be pacemakers start firing automatically without permission (abnormal 
automaticity). Impulse formation problems could also come from triggered activity. That's 
like when an additional, extra depolarization—like an after-depolarization that happens 
after the upstroke of a normal action potential—becomes big enough to make an actual 
action potential. That's triggered by an extra electrical impulse, instead of automatic. Early 
after-depolarizations happen while your heart cells are repolarizing, and they can come 
from blockage of your potassium channels. Delayed after-depolarizations are when the 
repolarization of the first action potential is done, and then you get an extra depolarization, 
and this can happen because of calcium overload and stuff.

Re-entry is a conduction problem. It's when a signal reaches some kind of obstacle 
(physiological or anatomical) that makes it end up going backwards through the node. So 
like normally, the impulse goes from the atria, through the “slow-down” point of the AV 
node, and “splits” into the ventricles. But sometimes one side will depolarize so much 
faster than the other that by the time the signal finishes going down the slow side, the fast 
side is already ready to fire again, so it gets triggered by the signal going down the slow 
side, and then after the fast side fires it makes the other side fire again, starting this loop. 
Or sometimes the signal will find a “short-cut” down into the ventricle instead of going 
through the AV node, and then the signal will come back up the AV node, making the AV 
node fire again, and making a loop that way.

We divide arrhythmia into premature beats, tachycardias, and bradycardias. 

An Atrial Premature Complex happens when some area in the atrium that's not the SA 
node fires. You'll see a funny-shaped P-wave since the P-wave isn't coming from the SA 
node. Sometimes you'll see that P-wave by itself, and it won't conduct to the ventricle, and 
sometimes it'll conduct and then you'll see a PR interval that's either longer or shorter than 
normal. That's because the Pr interval is like the distance between the atria and the 
ventricles, and if the spot that's firing is closer to the ventricle than the SA node is you 
might see a shorter Pr interval, and if it's farther away it might be longer. You might see a 
wide QRS complex if the APC does conduct. Why? Because the signal is moving slower 
through the ventricles than it normally does, so it sits there longer. An APC might look like 
a pre-mature ventricular depolarization for this reason—that'll also have a widened QRS 
wave, because in that the signal starts in the ventricle and since the ventricle's “pacemaker
rate” is slower than the SA node's, the signal goes slow. (Remember the heart's 
“pacemakers” are faster from top to bottom) You can tell the difference between an APC 
and PVD if you see a full pause, where the heart stops for a bit, so the RR interval around 
the APC is twice the normal cycle length. That pause means the sinoatrial node is trying to
take control, and it takes it a long time because it's the ventricle firing off. Remember how 
we said the signal splits to go into the left and right ventricles? The right one is usually 
slower. So an early APC is more likely to go through the left one, and have a Right Bundle 
Branch Block. If the APC doesn't conduct at all, you might only see it as a funny bump in 
the T-wave and then a pause. The pause is the sinus node re-setting.



In APC your pt is: Older patients more common. Can hit Pts with normal hearts, more 
common in patients who've had chronic pulmonary or renal failure. There are more APCs 
in the early stages of MI (because atrial ischemia or up'd catecholamines triggering spots 
in the heart) and in pericarditis. PT will feel like they've had skipped heart beats or 
palpitations, and have dizziness and maybe some heart-failure-like symptoms. 

Treatment: Fix underlying disease first, and lower alcohol and caffeine intake. For drugs, 
Beta blockers (to stop syp. system triggering the heart) then calcium channel blockers (to 
stop heart from firing so much) and class IC agents like flecainide and propafenone. No 
class III agents (no sotalol and amiodarone) because pro-arrythmia risks.

JPC: This is a premature beat from AV node/perinode/His bundle (the junction area of the 
heart). Impulse travels down the His bundle and up the atria, so atria and ventricle fire at 
like the same time, and the P wave's hidden in the QRS complex. That'll make the QRS 
complex taller. The messed-up beat might stop further beats from working in the AV area, 
and that's AV block. Or the signal traveling back into the atrium could keep the beat from 
reaching the ventricle, which gives you this super-long PR interval (0.09 seconds). That 
happens if the automaticity problem is perinodal. If it's from the bundle of His, you always 
get retrograde atrial activation, so there's always a P wave after the QRS wave. 
Sometimes the impulse doesn't propagate, so you'll get a retrograde P-wave (one going 
back through the heart, back up to atria) like an APC. If your PT gets poisoned by digitalis, 
has too many catecholamines, has too low potassium, or MI, they might get JPCs.

Pt: Comes in usually without symptoms, but might complain about skipped beats, 
palpitations. If your PT has AV block because of the JPC, you might not see the JPC on 
the EKG, just the AV block (long PR interval), but PT might be dizzy, and have syncope 
(pass out because not enough blood flow to the brain!).

Treatment: Underlying problem, or beta blockers. Only give class I and III if PT has 
problems because of beta blocker therapy. With AV node block, you should always check if
it's because of JPCs first, and then fix the JPC instead of trying to put in a pacemaker.

VPC: Ventricular Premature Complex: Reentry, weird automaticity, or triggered activity 
could make the ventricles fire for no reason. Look for lack of P-wave (because atria didn't 
fire). Wide QRS complex because signal stays so long in ventricle without other signal 
triggering it to hurry up. Full compensatory pause like we talked about earlier. If you don't 
see that full pause, and RR interval=sinus RR interval, it's interpolated VPC, and that's 
because the VPC happened so early that it didn't hit the next ventricular complex. AV 
dissociation (the P and the QRS wave aren't synced) helps you tell the difference between 
this kind of VPC and an APC. So does left axis deviation (which means QRS complex is 
positive in lead 1, and negative in leads aVF and II). A really long QRS interval (.16 
seconds?) also goes with VPC.

VPC patient: Skipped beats and palpitations, often with dizziness and syncope. Also puts 
them at increased risk for sudden death if Pts have other conditions like MI. 0_0 “No 
prognostic significance” for pts with normal heart, says Cecil, so you don't know if a VPC pt
with a normal heart is in big trouble or not—you just know an MI pt with VPC is in trouble.

Treatment: Unfortunately suppressing the VPC doesn't reduce that sudden death rate. 
Give beta blocker, then ONLY if that fails, amiodarone or catheter ablation (which means 
you use radiofrequency energy to get rid of the ectopic site that's beating all weird). Giving 



flecainide or encainide is associated with increased mortality, so DON'T give them! If PT 
has no symptoms, don't worry about it.

So then we have some bradycardias. 

Sinus bradycardia is a sinus rate less than 60 bpm. Before you declare disease you have
to exclude increased vagal tone, like in healthy athletes, or like during carotid sinus 
massage, vomiting, increased intracranial pressure, etc. Coronary artery disease, 
cardiomyopathy, digitalis, beta blockers, calcium channel blockers, amiodarone, sotalol, 
and some other stuff cause sinus bradycardia. The rate is just slow. Sinus pause is when 
the SA node just doesn't bother to fire. It's an arrest if the pause is really long. EKG 
flatlines with no P waves, and then the pause ends with a ventricular escape beat or 
maybe a junctional escape beat. A nonconducted APC might look like this, but you can tell 
the difference because a nonconducted APC will have a little deformity on the T wave. A 
sinus block might also look like a sinus pause, but the block length will be a multiple of a 
normal PP interval, while in sinus pause or sinus arrest the length of the pause isn't any 
kind of special multiple of anything. Sinus block is when the SA node does fire, but the 
message doesn't go through the rest of the atrium. With all three of those sinus problems 
the PT can be dizzy—with or near syncope—and lightheaded, or she might not have any 
symptoms at all.

AV block is when the impulse doesn't get from the sinus to the ventricles. We classify AV 
blocks in degrees from best to worst. First degree is when the signal from atria to 
ventricles is so slow that you get a PR interval longer than 0.20 seconds. Each P-wave still
has a QRS though. If the QRS is narrow, the Pt probably has a block in the AV node. If the 
QRS is wide, it could be anywhere in the AV junction area but it's probably still the AV 
node. If the Pr is 0.29 seconds or longer you probably have AV node disease. Second 
degree is when the P-wave every now and then doesn't get to the ventricles at all. So that 
means the ratio of P-waves to QRS-waves can vary. A Mobitz I or Wenckebach second 
degree block is when the PR interval keeps getting longer and longer until a P-wave 
disappears. A Mobitz II block is when the PR interval stays the same, and you just have 
P-waves disappearing places. Usually the RR interval around the missing P-wave is twice 
the sinus cycle, which makes sense because you're literally just missing a P-wave. This 
block usually happens infranodally. A third degree AV block is when the atria and the 
ventricles are totally separated and the atrial rate is faster than ventricular rate (because 
remember top of heart is always faster). Your PP and RR intervals will usually stay 
constant, but they'll be going totally different from each other so PR will be changing. 

So where do Mobitz and third degree blocks come from? If there's a wide QRS complex 
the AV block is probably under the node (in the Purkinje/His fibers and stuff), and if it's 
narrow, it's probably in the bundle of His above where the signal splits into two, or in the 
AV node itself (above the split, remember!). If the block is 2:1 (2 QRS complexes for 1 P), 
and only every other P-wave gets through, we don't know where the block is, and we can't 
tell if it's I or II because we can't tell the PR interval. We assume type II to be safe.23 For 
location, we can guess that it's under the node (infranodal, Purk/His area) if the Pt faints, 
has QRS longer than 0.12 seconds, and every now and then looks like type II second 
degree or a third-degree block for a long time. Also, if the AV conduction gets better with 
carotid sinus massage, and gets worse with atropine and exercise, then it's probably 
infranodal. That's because you're telling the body in sinus massage that you have high BP, 
and that you need to slow down the sympathetic system, so you trigger the vagus, and 
that directly hits your AV node, re-setting the rhythm right above the block and stabilizing it.

23 Emedicine/Medscape. “Second-Degree Atrioventricular Block Workup.”  Article/161919



In exercise, you're triggering the sympathetic system, so you're making the heart go faster 
and triggering the SA node and stuff, and that means the poor injured area under the AV 
node just can't keep up, and things get worse. A direct AV node block will get worse with 
carotid body massage, and better with exercise.24 That's because it's the AV node itself 
that's broken, so when the vagus tries to talk to it, you only get confusion, and the heart 
will do much better listening to the pacemaker that directly touches the sympathetic 
system (the SA node). This may not be exactly how it happens, but it's how I remember it. 
It's important to figure out where the block is because a Pt with no symptoms with a 2:1 
infranodal block needs a pacemaker and is in trouble!

Yay done with blocks, let's talk about tachycardias. They can happen from above your 
ventricle, from your ventricle, and because you've got some extra antegrade conduction, 
some accessory pathway (pre-excited tachycardia).

Atrial tachycardia: Some ectopic atrial focus (some lump somewhere in your atria firing 
when it shouldn't) is firing. 100-250 BPM. P-wave looks weird unless the focus is near the 
SA node. PR is normal, or longer, with regular rhythm unless you've got AV block (which 
might happen every now and then). If there is AV block, PT probably took too much 
digoxin. MAT (multifocal atrial tachycardia) is when you've got three or more weird kinds
of P-waves (rather than one consistent weird kind of P-wave) and more than 100 bpm, 
which means there's more than one area firing whacky. 

Cause: Atrial tachycardia happens in Pts with heart disease. Coronary artery disease, 
valves, cardiomyopathies, cor pulmonale, congenital heart disease, etc. Young pts usually 
have automaticity problems (as opposed to triggered or reentry problems) if they have 
atrial tachycardia. Patients who've hard cardiac surgery get reentry problems around the 
scar (incisional tachycardia), and have a P-wave that's a little longer. You can try vagal 
maneuvers (like carotid body massage) on your pt to give them a transient AV block so 
you can see the P-waves (unmask them) that are hiding under normal P-waves. Pts with 
MAT usually have lung disease, MI, hypokalemia, hypomagnesemia, or too much 
aminophylline, but usually lung disease. MAT can become atrial fibrillation.

Treatment: Stop digoxin (if that's the problem); otherwise beta blockers and CC blockers. 
Catheter ablation fixes 75-90 percent of pts. You treat MAT by treating the underlying 
disease, or by giving verapamil.

Atrial flutter is when the area between the tricuspid valve and the cristae terminalis and 
eustachian ridge gets caught in a reentrant circuit. The impulse comes back around the 
tricuspid, either counterclockwise or clockwise. If the impulse goes counterclockwise, it'll 
go up the septum and down the lateral wall, making a negative P wave in inferior leads. If 
it goes clockwise, the P-wave stays upright. You'll see these saw-tooth things on the EKG. 
They look like shark's teeth to me, with the QRS as the pointy part of the tooth. 250-350 
BPM. Conduction is 2:1 (that's why it looks like a saw) so ventricular rate is 150 BPM while
atria is like 300. The higher the ventricular rate, the worse off the pt: it can also go as high 
as 300. 

Causes: Thyrotoxicosis, pericarditis, alcohol. Can happen in Pt w/ or w/out heart disease.

Treatment: If angina or hemodynamic compromise, change arrhythmia RIGHT AWAY. 
(Changing the rhythm is called cardioversion) Give low-energy shocks. Without 
hemodynamic compromise, rate-control helps prevent cardiomyopathy and coagulation 

24 Ibid. (Same source as 9)



(and stroke). Rate-control is stuff like beta-blockers. If rate control doesn't change 
symptoms, give anti-arrhythmic drugs (rhythm control; use class Ia with rate control drugs 
like digoxin, beta blockers, CC channel blockers) or catheter ablation. Catheter ablation 
fixes 90 to 95 percent of pts.

Atrial fibrillation is the most common supraventricular fast arrhythmia. It's when you've 
got SO MANY little waves in the atria (that's why MAT can become it). These waves try to 
make the AV node go at like 400 BPM, but of course it's slow so it doesn't do that, and all 
those waves running into each other at the AV node actually end up being like 120-170 
BPM. Irregularly irregular. If the ventricular rate is really regular—which if you look really 
closely usually it isn't—that may mean digoxin toxicity.

Pt symptoms: Variation in S1 intensity (because mitral valve and tricuspid valve closing 
against really confused blood flow from the atrium after diastole). No A-waves in jugular 
venous pulsations. What's an a-wave? A trained cardiologist can see the way the internal 
carotid flutters, and can see these up-ward flutters that match the right atrium's pulses, and
those are a-waves. The pulse rate you feel and the one you hear will be different. Pt will be
older—this is much more common in people who are 70 or up. Pt most commonly 
hypertensive, but might also have pericarditis, thyrotoxicosis, pulmonary emboli, 
pneumonia, acute alcohol ingestion, or have just had cardiac surgery (1/3 of post-
operative pts 0_0). AF in pts with coronary artery disease might happen right before MI. 
Pts who need their atria to work really well, and who have any kind of ventricular damage, 
can go into hemodynamic compromise. 

Treatment: Treat AF by preventing thromboembolisms (so use drugs like warfarin), 
controlling the rate, and restoring sinus rhythm. Because rhythm control doesn't lower risk 
of death, and those medications may have complications, it's important to only control 
rhythm if symptoms don't go away once you control rate. You could use three weeks of 
anticoagulants and electrical cardioversion of 100 to 360 joules if your pt has 
hemodynamic compromise, and pharm or other electrical cardioversion, without three 
weeks of anticoagulants, if she doesn't. If you don't know how long the pt has had the AF, 
or it's been longer than 48 hours, or a transesophageal echocardiogram shows atrial 
thrombi, you need the three weeks of anticoagulants. Sometimes you do surgical maze 
therapy, which is where you make a bunch of cuts in the atria to interrupt the reentrant 
circuits. That helps more than 90 percent of pts. People usually do it with mitral valve 
surgery. What drugs should you use for AF? Cecil pg. 127 has this really great chart. 

• If no heart disease--> flecainide, propafenone, sotalol. If doesn't work, amiodarone 
and dofetilide, or catheter ablation.

• If heart disease and heart failure, give amiodarone and dofetilide. If doesn't work, 
catheter ablation.

• If heart disease is coronary artery disease (CAD), give sotalol and dofetilide. If fails, 
give amiodarone or catheter ablation.

• If disease is hypertension, and left ventrical hypertrophy is more than or equal to 1.4
cm, give amiodarone. If amiodarone fails, give catheter ablation.

• If disease is hypertension, and left ventricular hypertrophy is less than 1.4 cm, give 
fleainide, propafenone, and sotalol. If fails, give amiodarone or catheter ablation.

You can also have tachycardias that happen at the atrioventricular node. Atrioventricular 
nodal reentrant tachycardia (AVNRT) is the most common. This happens when you've 
got two AV node pathways with two different refractory periods, and so the charge runs 
funny through the His-Purkinje system. The fast pathway is usually near the His bundle 
and the slow pathway near the coronary sinus hole. Because it takes a while for the 



ventricles to beat, you get a wide QRS complex, and because you've got two charges 
going one after the other, you have tachycardia of 150 to 250 bpm. (You may have a 
normal QRS, the thing is the sudden tachycardia) Usually the charge goes forward down 
the slow pathway, and then backwards up the fast pathway, and that means the atria and 
ventricles depolarize at like the same time, and you get a P wave buried in your QRS 
complex, kind of like in a JPC except here you've got tachycardia. Sometimes the P wave 
will come at the end of the QRS, giving you something kind of like an S wave in the inferior
leads, and something called an R' in lead V1. Normally this really looks like an atrial flutter,
except that instead of having two small peaks around every big peak, you've got one small
peak and one big peak and one small peak and one big peak.

Pt and treatment: Your pt, slightly more often a woman, comes in with the norm: 
palpitations, chest pain, dyspnea, and presyncope. You can end the AVNRT with vagal 
maneuvers (sinus massage, Valsalva, coughing) or adenosine (6-12 mg intravenously) or 
other things the block the AV node, ending the episode. It's rare, but sometimes you need 
current cardioversion, or IV beta blockers, digoxin, or CC blockers, or class IC/III anti-
arrhythmic agents. If you use radiofrequency catheter ablation on the slow circuit, you can 
also cure more than 90 percent of patients, but they're at less than two percent risk of 
getting complete heart block through that technique.

Automatic junctional tachycardia is when the AV node is super-automatic, and so you 
see a rate of 110-250 bpm, with a narrow QRS but random episodes of AV dissociation, 
and a very irregular rate. The QRS curves have really big jolts down, and there are these 
random wiggles that aren't quite P-waves before them—like the line between p-waves and 
QRS's doesn't look quite straight. It looks like someone tried to draw a normal EKG upside
down, with their wrong hand. It's more common in kids and babies.

This is different from nonparoxysmal junctional tachycardia because NJT is slower, and 
comes from triggered activity, not high automaticity. Usually if the attack follows digitalis, 
inferior MI, metabolic probs, chronic lung disease, or cardiac surgery it's NJT, and it 
doesn't need specific therapy—you just treat the trigger.

Treatment: Catecholamines, carotid sinus massage, adenosine, short-term. Beta-blockers,
CC blockers, class IC and III, “first line of therapy.” Radiotherapy cures, but 20 percent risk
for AV block.

Wolff-Parkinson-White Syndrome is when you've got extra bands of tissue that act like 
an extra bypass tract, so that instead of going only through the AV node, the signal has 
another pathway it can use to get to the ventricles. These extra pathways don't slow down 
the signal to let everything contract in turn, like the AV nodes, so when the signal's coming 
on really really fast from the SA node at rapid rates, it just goes really really fast into the 
ventricles. So when the heart is going normal speed, and the signal goes antegrade 
(forward) through the bypass tract, the ventricles contract early (preexcitation), and you 
see a short PR interval (0.12 s) and a wide QRS complex, with a “slurred” beginning. That 
means that instead of the little Q-wave dipping down, you'll see this delta wave sloping up 
into the R wave, and looking a little crooked as it does so. Sometimes you don't see 
anything wrong with the normal-rhythm EKG because the accessory pathway only 
conducts backwards (retrograde). 

You call this a syndrome if the pt has tachycardia, and a pattern if you have the funny EKG
and pre-excitation without tachycardia. These can be patients with otherwise normal 
hearts. Patients with an Ebstein anomaly in their tricuspid valve are more likely to have 



right-sided accessory pathways, and patients with mitral valve prolapse and hypertrophic 
cardiomyopathy are more likely to have left-sided accessory pathways.

Also, some accessory pathways connect the atria TO the his/purkinje system, so you get a
short PR, but a normal QRS, and that's the Lown-Ganong-Levine pattern, or with 
tachycardia, the Lown-Ganong-Levine syndrome.

Congestive Heart Failure

A normal cardiac output is about 5 to 7 liters per minute, calculated by stroke volume times
heart-rate. The normal stroke volume is about 70 mL, between 55 to 100 mL. Stroke 
volume is also end systolic volume minus end diastolic volume. Heart failure is when the 
heart can't put out enough blood to meet these needs, and it's usually left ventricle 
dysfunction. Coronary artery disease, hypertension, alcohol abuse, and idiopathic dilated 
cardiomyopathy are the most common causes; valvular and pericardial diseases, anemia, 
septicemia, Paget's disease of the bone, arteriovenous fistula, and thyrotoxicosis also 
cause heart failure. Cecil table 6-1 has a long list of causes if you're into about that kind of 
thing.

Semilunar valves: aorta and pulmonary valves

Diastolic heart failure is up to 40 percent of patients, it's when increased filling, reistance of
ventricles, icnreased intraventricular diastole. Stiffeningof the left ventricle cause diastolic 
dysfunction, not usually isolated, usually if it's isolated without diabetes and hypertension 
and stuff you have constrictive pericarditis or restrictive cardiomyopathy because of 
amyloidosis, sarcoidosis, or fibrosis. 

Arterial pressure we want for a diabetic: less than 130. Diastolic, less than 80.

Cecil chapter 6
First AID pathophys

ACE inhibitors: Enalapril, Lisinopril

Spirolactone blocks aldosterone

Damage of cardiomyosites means a decreased in contractiligy, and either an increase or a
decrease in compliance. The ATP production and utilization gets messed up, contractile 
proteins change, you can uncouple the xcitation and contraction process, and the number 
of the cardiomyocytes go down.

Change in neurohumoral control of heart function means sympathetic nervous

Norepinephrine is 2-3 times more than in the rest of healthy subjects.

Angiotensin creates vasoconstriction and ups blood volume and releases AVP from the 
neurohypophysis and all this means more heart failure problems (too much 

Dry cough and respiratory problems worsen when lying down because accumulation of 
venous return is increased. Orthomeia HAve to be at 45 degrees or they can't breath 
Abdominal circumference can grow because of liquid not fat, ascites 
Very tired, can't walk or climb stairs well, dysnea to exercise



FACES is the symptoms to remember, fatique, activities limited, chest congestion or 
cough, edema or ankle swelling, and shortness of breath.

Noddman's liver

Height of venous distention is more than 4 to 5 cm from sternal angle to distention
Hepatic reflex is when you press on the liver, and then the veins bulge in the neck

Alteration of Coronary Arteries

1.5 million people have myocardial infarctions per year, and out of the sixty percent who 
survive their heart attacks, one out of 25 survivors will die within one year. By 2020, some 
people believe coronary art disease will pass infectious disease as the world's biggest 
cause of death.

Chapter 9 Cecil

Someone with angina due to coronary art disease will come to your clinic with chest 
pain—“like there's a hot iron pushing on your, or an elephant standing on you” that may 
run up the left arm towards the third and fourth finger—and cold diaphoresis (skin cold like 
you're touching a dead person), dizziness, shortness of breath, and palpitations. Some 
patients will think they have a stomach ache because what's hurting is the apex, and some
patients have right arm pain if the right ventricle is doing something, and some folks feel 
like someone's crushing their throat or their mandible like they're getting strangled. 
Sometimes your diabetic patients won't feel pain, so they'll have a “silent angina”; their 
nerve damage means they're not told when their heart's feeling bad. You have to search 
around for if they feel fainting, if they get palpitations, if they're super-fatigued, and you 
have to look for the elevations in their EKG. 

On EKG, the patient might have unstable angina, where there's no ST-segment elevation, 
or they might have a straight up ST-segment elevated myocardial infarction. The patient 
might have a Q wave deeper than 2 mm (like if the attack's transmural) and maybe if they 
have tachycardia like in a left bundle branch block you'll see crazy tachycardia with big Q 
waves. The most common is an anterior wall infarction, and you'll see that in the V2-V5 
leads; you'll see the inferior in II, II and AVF; and you'll see the lateral in I, II, and AVL. 
FCARD: cardiology: photo will help you practice EKG stuff and angiogram diagnosis stuff. 
Sometimes your patient will have a normal EKG, so you should do a pyrophosphate test if 
you suspect an angina but can't find it on EKG.

Before the patient has angina, you might measure some chemicals in their blood that tell 
you they're at risk. For some reason high homocysteine is also increased risk, and you can
treat that with dietary folate supplements, but for some reason even though the 
homocysteine goes down it doesn't really lower the number of MI events that happen. High
CRP—inflammatory marker—levels also mean high MI, stroke, etc risk. High means more 
than 3 mg/L (FCARD: cardiology) Troponin I is the best chemical test because it 
shows up in 2-6 hours, and it's 98 percent specific. Troponin T isn't as good because it 
goes up in renal insufficiency. Out of th CPK (creatinin kinases), only CPK-MB is specific 
for the heart (BB is brain, MM is muscle), but CPK-MB can also be up after CPR or 
injections. ESR (erythrocyte sedimentation rate) goes up to 70 mm during MI. Myoglobin 
also goes up, but again, Troponin is faster.

You might use EBCT (electron-beam computed tomography) or MDCT (multidetector 



computed tomography) to see coronary calcification before hand, to screen for CAD 
(coronary artery disease) before they get symptoms. That could help you start aggressive 
prevention.

Pathophys: Coronary artery disease usually starts or accelerates at places where you've 
hurt your endothelium, either with systemic hypertension or something else. Small 
lipoproteins (LDL-C) pierce through the injured endothelium and build up under it in the 
intimal layer. HDL can't do this because it's not small; that's why LDL is your “bad 
cholesterol.” 

All these intimal lipid aggregates squishing under your endothelial cells make your luminal 
surface of endothelial cells release adhesion molecules; your endothelial cells and medial 
smooth muscle also release cytokines and chemokines. They know there's something 
wrong, and they're calling for help, but they actually mess it up more. Monocytes and 
macrophages follow the cytokines and attach to those adhesion molecules, and they eat 
the lipoprotein aggregates. But they don't digest them, they just fill up with lipid, and then 
they're called foam cells, and in gross you can see them as this fatty streak. These foam 
cell guys call for more help, releasing more proinflammatory cytokines, and you get more 
local inflammation. That puts stress on the endothelium, and makes it wear away and die. 
So without the endothelium to control vascular tone and make prostacyclin and nitric oxide
and chemicals that control thrombosis, you can't vasodilate. So circulating platelets get 
stuck here in this narrow area, and they release growth factors. Well that makes smooth 
muscle cells and fibroblasts from the media layer of the vessel (outside the intima, where 
the muscles are) grow and migrate, forming a fibrous cap over the lipid-lump that's built up 
there. Cecil has a useful web video you can see if you're very visual at 
heartsite.com/html/cad.html. 

After a while, the foam cells necrose and just leave this lump of lipids there in the center, 
while their enzymes degrade collagen and ECM proteins nearby. As inflammation 
becomes more and more chronic, T lymphocytes come by and release interferon alpha, 
which keeps collagen from forming. So the inner wall gets more and more stiff, since it's 
just fat and a fibrous cap, without collagen, and it can rupture really easily. If it does 
rupture, the inner area of lipid and nasty stuff, which is really sticky, gets stuck to floating 
platelets and makes a clot. Platelets like to help things clot more, especially when they're 
activated, so they release serotonin and thromboxane to vasoconstrict and help the 
thrombus/clot get worse. Eventually this blocks the artery. Alternatively, the fibrous cap 
might not rupture, but the inside lipid area, and the plaque might just thicken in size until it 
blocks the area.

Heart attack happens because the heart tissue isn't getting enough oxygenated blood to 
the area, and without the endothelium's wonderful ability to vasodilate and regulate how 
much each area gets blood corresponding to what it needs, tissue starves without oxygen 
and dies. The heart then works harder, in desperation, and that makes it even worse, 
because the hard-working parts that are nearer the unblocked areas eat all the oxygen, 
since they're working so hard, instead of letting it get to the dying parts of the heart.

You can kind of infer things that can accelerate this process. If you have low HDL, 
and you can't use it to stop your LDL, you could be in trouble. If you don't have the right 
amount of estrogen, which protects you, you could have trouble. And obviously if you eat 
too much cholesterol and LDL you'll be in trouble. It's unfortunate, because sometimes 
you've only blocked the coronary artery like 70 percent, but now the patient can't really 
exert himself at all because if he does, there won't be enough blood to meet the heart's 



exercising demands, and you'll get ischemia. So in that case exertion becomes a risk 
factor. If you've got two or more of these, together, you could be in trouble: a waist more 
than 102 cm in men or 88 cm in women you're at risk (that's 102 cm of fat, not muscle); 
HDL lower than 40 mg/dL is bad in men, and lower than 50 mg/dL in women is bad; 
pressure above 130/85 mmHg is dangerous, and glucose 110 mg/dL or more. FCARD 
Those are all measurements of metabolic syndrome. By itself, a systolic more than 140 or 
diastolic more than 90 also increases risk, because it means more endothelial damage 
with all that stress. 

Other conditions that alter circulation with the danger of MI: Lots of things other than 
atherosclerosis cause heart attacks. Older women are more at risk when they're post-
menopause because they lose estrogen's protective effects, but they've also recently 
found that giving older women more hormones (like estrogen and progesterone) increases
their probability of heart attacks, too, because of some kind of imbalance. Having sickle 
cell anemia uncontrolled can also increase the chance that you'll get embolisms that block 
the coronary arteries. Anything that hurts the system of coagulation, like too much oral 
contraceptive over time, or like polycythemia vera, multiple myeloma, etc—that can cause 
heart attacks. 

Heart abnormalities can also increase risk. Bland-White Garland syndrome, where the left 
coronary artery comes from the pulmonary artery instead of where it's supposed to come 
from, gives the heart lots of unoxygenated blood and can also cause heart attacks. 
Similarly, the left coronary artery could come from the aorta directly, and be squished by 
the pulmonary and the aorta, and that can also cause problems. There are a lot of 
abnormalities out there. Some folks just have smaller blood vessels than normal—
syndrome X—and that's more common in women than in men.

Other sources of inflammation are a big deal. In a patient with systemic lupus 
erythematosus who hasn't been taking his medications you can see a whole bunch of little 
lesions, little balls, dotted all over their coronary arteries. The surgeon's like, “I can't put in 
THAT MANY stents!” Dr. Rosado was able to treat this with prednisone given for six 
months, and that got rid of the inflammation. Kawasaki's disease happens when you're a 
baby, and you get a diaper rash, and the tongue becomes like a big strawberry, and 
because of the inflammatory process you can get problems in the heart, where all the 
arteries look like sausages. Syphilis and Takayasu arteritis, and other syndromes also 
cause inflammation of the coronary arteries.

Another risk you should know about is someone who has increased demand, and 
problems with circulation, maybe should not take viagra. Viagra is a vasodilator, and it 
takes the blood away from the heart and the rest of the body, so someone who is not good
at circulating blood through their body will get hypotension, and Dr. Rosado has had 
patients who die because of the increased demand on the poor heart causing ischemia 
and MI.

Infectious endocarditis can cause clots. 

Folks with a ventricular or atrial septal defect can let paradoxical emboli come into the 
coronary sinus from the venous system more easily then they would otherwise. 

How to treat this clinically: So you have to evaluate the patient for what kind of 
treatment they need. At 90 percent blockage, you can lose flow even if you're not exerted. 
Between 40 and 70 percent, you can calculate the Fractional Flow Reserve—mean 



coronary pressure after the stenosis divided by mean arterial pressure before the stenosis
—to see how serious the blockage is.

Lifestyle changes can help a lot. If you stop smoking, you can cut risk by 50 percent within 
1 to 2 years of quitting. If you get your patient to take just 1 or 2 drinks of alcohol a day 
they could reduce risk.

If your patient's got CRP higher than 2 mg/L, and no hyperlipidemia, researchers have 
found that statins lower their risks.

If your patient has non-ST elevation MI or non-ST elevation angina, you should give them 
four anti-coagulants to prevent them from getting to full-scale ST-elevated heart attack. 

Takotsubo—Broken Heart Syndrome 

Some patients have Printzmetal's Variant Angina, where 

Be careful where you're treating inferior infarcts, because they give you low pressure, so 
that makes it hard to 

Valvular Heart Disease

Remember PIDA: Pulmonar izquierda, derecho aorta. That's which side of the sternum 
you put your stethoscope to listen to each valve. 

Chapter 8

Aortic Stenosis: Causes: Most common congenital cardiac abnormality is a bicuspid 
aortic valve. In middle age, turbulent flow causing injury can cause thickening and 
calcification. Someone with mitral valve disease might also have their aortic valve leaflets 
fused, maybe because of rheumatic heart disease (picture of this in FCARD, looks like 
reddish tan bacterial accumulation; you'll see that because the coronary artery opening is 
so close to the aortic valve, it's easy for bacterial goop to come loose and clog there and 
cause an infarct). After 65 years old, sometimes the aortic valve just gets stiff and 
degenerates, especially in men. 80 percent of aortic stenosis happens in men, while in 
women the mitral valve is more commonly affected. In pediatric cases, the valve may be 
fine while you have stenosis above or under (supra or sub) the valve, and that could be the
stenosis problem. A normal aortic valve is supposed to look like the Mercedes Benz brand 
symbol.

Results in left ventricular hypertrophy-->increased diastolic chamber stiffness. You catch 
aortic stenosis with angina, syncope, and congestive heart failure. Patients can die within 
two to five years after some of these signs appear. It's five years if they just have the 
angina, three if it's just the syncope, and once they go into heart failure it's like one year 
and maybe too late to operate because the ventricle's already dilated.

When you listen, you'll hear or even feel an S4, and if you're really good you might hear 
that the A2 part of the S2 sound is soft or gone or very clearly split between the louder 
pulmonary and the quieter A2. The murmur is harsh, crescendo-decrescendo, and you 
hear it over the right upper sternal border radiating to the neck. So it's like 
ShhHHHSHhhhhh...ShhHHHSHhhhhhh...The peak of murmur is in the systole. As left 
ventricular dysfunction happens, the murmur might be quieter because stroke volume gets



smaller. You might see a systolic thrill.

When you check your patient's pulse, carotid impulse is smaller and delayed (pulsus 
parvus et tardus). There may be a shudder you can see there (a thrill).

Doppler echocardography is the most useful diagnostic test for this, says Cecil. You'll find 
left ventricular hypertrophy, and maybe heart block. On a radiograph the patient will have a
boot-shaped heart, and you a lateral view you can see the aortic valve calcification.

You want the diastolic blood pressure to go down so the heart has time to fill. You might 
give diuretics and digoxin and other medications to control this heart failure.

In really advanced hospitals, when the aortic valve isn't quite calcified, you can insert a 
balloon by making an incision through the apex of the heart and extending your balloon 
straight into the aortic valve, and then blow up the balloon in the aortic valve just like you'd 
do with a stent in a coronary artery. If the valve is calcified, it's better to replace the valve. 
Sometimes you dilate not by going through the apex of the heart, but through the aorta or 
something, and that's more common in areas with less resources. If you don't have 
symptoms yet, you can try cholesterol-lowering therapies and light exercise, and then 
surgery if your exercise stress test shows they're losing function with this valve. You will 
not put someone with angina—a severe aortic stenosis—in any kind of stress test because
the heart can't take it and they'll get a heart attack!

Aortic regurgitation: Caused by aortic dissection, endocarditis, rheumatic fever, aortic 
root dilation, and having a bicuspid aortic valve. This is common in Marfan's and syphilis 
and collagen vascular disease. Ankylosing spondylitis patients, who are normally having 
bone and joint problems, also have some aortic regurgitation incidents. Aortic regurgitation
also commonly follows aortic stenosis.

You'll see an increased pulse pressure and these bounding pulses, with a big upstroke and
big collapse, as stuff leaps through the regurgitated area. This is a diastolic decrescendo 
murmur that's longer if everything's more severe. Sometimes you'll here an S3 systolic 
flow murmur. ECG will show narrow deep Q waves and left ventricular hypertrophy, and 
the radiograph will show LV and aortic dilation. 

The left ventricle dilates because it's dealing with both normal blood flow from the left 
atrium, and blood coming back through the aorta into it. Patients might not have symptoms
for a long time because the left ventricle compensates so well, and when symptoms do 
show up, they'll be because the left ventricle can't handle the filling pressures. So like they 
do exercise, and have dyspnea (shortness of breath), orthopnea (shortness of breath 
when you're lying flat), and paroxysmal nocturnal dyspnea (shortness of breath when 
you're lying flat and sleeping that comes with coughing fits and wakes the person up). 
Because your circulation is changing all the time like crazy, you might get pounding in your
chest or head.

Mitral stenosis: Almost always caused by rheumatic fever. Rheumatic mitral stenosis is 
more common in women. Over time, the valve thickens, the cusps fuse, calcium gets 
deposited there, and you start closing everything. The patient will have dyspnea, 
orthopnea, hemoptysis, hoarseness, edema, and ascites. The hoarseness comes from the
pressure put against the recurrent laryngeal nerve. Sometimes the patient will have an 
atrium bigger than both of the ventricles, and that's really squishing the left recurrent 
laryngeal. You'll see the edema and other stuff because of right-sided cardiac failure, 



which you can also check with poking the liver and seeing how the jugular swells. 
Remember that cardiac failure involves a pitting edema.

When you listen to their heart you'll find a loud S1, a loud pulmonary part of the S2 , and 
diastolic rumbling after the opening snap of the mitral valve. You hear the snap because of 
the calcified valves as they open. The interval between the S2 and the opening snap will 
get smaller and smaller as the stenosis gets worse.

In ECG you'll see the end of the p wave dip down because the left atrium is big. You might 
see atrial fibrillation, which is where you get lots of chaotic atrial spikes down, and weird 
irregular ventricular rhythm that looks like a bunch of little-kid scribbles. 

You might have hypertension and infarction in the pulmonary artery because of the terrible 
back-up of the mitral valve's stenosis. If you have pulmonary arterial hypertension, you 
might have right ventricle hypertrophy also because the right ventricle has to work so hard 
pushing blood against the pulmonary arteries and the mitral valve. The left heart's border 
will straighten because of the big left atrium. If you LOOK at the stenosis, like for surgery, 
you'll see it looks like a fish mouth, really narrow.

You can try to fix this with digitalis, beta blockers, verapamil, or diltiazem. If they've got 
renal problems they can't use digitalis. You need anticoagulation for atrial fibrillation.

Mitral Regurgitation: Mitral valve is the most commonly-hurt valve in endocarditis. 
Infective endocarditis will often have an S3 gallop and pericardial friction rub sound (which 
sounds like when you rub your hands or hair together) in addition to the mitral hum-sound 
thing. 

Mitral valve regurgitation can also be caused by lots of other things. Chronic regurgitation 
could come from mitral valve prolapse, left ventricular dilation, and posterior wall MI. Acute
regurgitation can also be cause by posterior wall/papillary muscle ischemia, papillary 
muscle or chordal rupture, prosthetic valve dysfunction, and a systolic anterior motion of 
the mitral valve. Could also be caused by trauma.

Marantic endocarditis happens when you're hypercoagulable, and you get little tumor-like 
vegetations or coagulation bumps on the valve. They're really prone to fall off and 
embolize. 

When you're listening, you'll hear a really changing (hyperdynamic) S1 because of an 
always-changing left ventricle flow as blood regurgitates back and forth through that mitral 
valve. You might also get a really split S2 because the funny blood flow means blood 
reaches the aortic valve differently than it reaches the pulmonary valve. The valve is 
supposed to close in S1 and keep blood from going back during systole while the 
ventricles contract, but because it doesn't close, you hear a Shhhh throughout the whole 
systole. S1 is quiet because the mitral valve doesn't close nice and loudly.

On the EKG, you might see weird things with the left atrium, the left ventricle might be 
hypertrophic, and you might see atrial fibrillation. In lead V1 you might see huge down-
spikes for S, and a huge up-spike of R in lead V2, and if the sum of those two is more than
25 mm you've got regurgitation. Both the left atrium and left ventricle will usually be larger 
because they're working so hard to try to keep blood going out into the body, and that 
might cause pulmonary venous congestion, since that muscle growth kind of blocks up the
entrance of the pulmonary veins back into the heart.



You can try to treat this with vasodilators if the disease is acute, and that's also what 
people usually use for chronic disease, too. People can try to change out the valve in 
surgery, or try to clip part of the valve kind of shut.

Mitral valve prolapse is most common in my age group (21-25ish) and it's when the 
leaflets balloon, like a parachute, and it happens most often in women with really long legs
(like girls who play basketball). It happens during periods of really bad stress, and it'll 
cause tachycardia you'll see on the EKG. Make sure to lower the heart rate and to prevent 
endocarditis. During menstruation the tachycardia due to prolapse is worse. These people 
have papillary muscles that don't hold the valve in place during systole.

You'll hear one or more systolic clicks, like mid-systole, and then a late systolic murmur. 
People with this may have an excavatum chest and very straight backs. The EKG might be
normal, but you might see ST segment depression or T-wave changes in the inferior leads.

Tricuspid stenosis: The tricuspid valve doesn't get hurt a lot without other medical things 
going wrong first. This can cause your jugular veins to distend.

You might hear an opening snap when the tricuspid opens (during S2, since it closes 
during S1 for the ventricles to contract) at the left sternal border. You may also not hear 
much because of a mitral stenosis that goes with this, but there should be a diastolic 
rumble, too. The opening sound and the rumble should get louder when the patient 
breathes in.

You'll see the patient has a really big right atrium, so in the EKG that can cause an 
abnormality and you might see atrial fibrillation.

Tricuspid regurgitation: In drug addicts, one of the first valves to get infected because of 
impure drugs is the tricuspid—it's the first one the venous blood meets. Regurgitation can 
be caused by conditions that cause dilation over time, or prolapse, or carcinoid heart 
disease, or endocarditis.

You should see jugular venous distention. There may also be hepatomegaly.

You might hear a rumble during the diastolic, and a right ventricle S3 sound that gets 
louder with inspiration. There's also a systolic murmur at the left sternal border that 
increase with inspiration. The rumble in diastole happens because the venous blood going 
from the right atrium into the right ventricle is flowing back into the right atrium—remember
diastole is when the ventricles fill—and that makes sounds. These sounds get louder with 
inspiration because ? 

In the EKG, the right atrium is abnormal, but because the tricuspid regurgitation could be 
caused by other things, you might see some other complicated findings. In radiography, 
both the right atrium and the right ventricle are bigger.

Pericardial Diseases

Chapter 11, pg. 145 of Cecil; also check out the Microbiology section first, because it's got 
lots of good diagnostic stuff. Read that first.

Some more specific things that cause pericarditis:



• The causative viruses are 2E, 2C, 2H, A. It's 2 Easy to 2 See 2 HAte. Echovirus, 
Eppstein-Barr virus, coxsackievirus, cytomegalovirus, HIV and Hep B viruses, and 
adenovirus.

• Fungus that cause pericarditis are histoplasma and coccidioides species. HC, heart 
condition!

• Bacteria that cause pericarditis are 2M, 2S, HNB. Your Heart Needs 2 Be two Minds
and two Souls. Not sure what the freakity that means, but it sounds wise, and it has 
to do with your heart. Anyway, H is haemophilus influenzae, N is neisseria 
meningitidis, 2M: Mycobacterium tuberculosis, Mycobacterium avium-intracellulare, 
and 2S: staph and strep. 2B is borelia burgdorferi.

• Drugs that can cause pericarditis as a side effect: Procainamide, hydralazine, 
isoniazid, and cyclosporine. CHIP.

• Neoplasms that can become pericarditis: mesothelioma, fibrosarcomas, lipomas, or 
the metastasis of breast, lung, thyroid, lymphoma, leukemia, and melanoma 
cancers.

• Immune system stuff that can become pericarditis: connective tissue diseases like 
lupus and rheumatoid arthritis and scleroderma, and erteritis, and Dressler 
syndrome after MI

Some diagnostic notes: 
• Just because you don't hear an audible rub doesn't mean the pt doesn't have 

pericarditis, and you should check over several different times because the rub can 
come and go. 

• ESR (elevated erythrocyte sedimentation rate), C-reactive protein, and WBC often 
up

• To exclude certain causes of pericarditis you can run a tuberculin skin test, thyroid 
and renal function tests, check HIV status, and check complement levels, 
rheumatoid factor, and antinuclear antibodies for inflammatory stuff. Virus serum 
studies are usually not useful.

So over time if you have pericarditis you might build up a lot of liquid in the space between 
the pericardium and the myocardium, and that accumulation can squish the phrenic and 
laryngeal nerves, and also put pressure on the lungs and esophagus, so the pt might 
come in with cough, hoarseness, dyspnea, and dysphagia over time. As the heart starts to 
swing and float in this pericardial sack the QRS complexes on EKG will change from beat 
to beat (QRS alternans). Usually you only drain a little bit of the fluid if you're trying to 
diagnose a bacteria or something, and it's only useful if you really really really think they 
have a bacteria or tuberculosis pericarditis—otherwise you're not really going to find 
anything useful in there, unless maybe you're looking for tumor malignancy stuff too. You 
might find a lot of cholesterol, which means hyperthyroidism, or a lot of triglycerides in the 
fluid which means the thoracic duct was injured and is gooping into the heart space. 
Anyway, that's for diagnosis—if the liquid is really squishing the heart and you haven't 
been able to treat the pericarditis with drugs, you might use the little hole you make to 
remove fluid, and sometimes you'll leave a little window in the pericardium so the liquid 
can keep draining long-term. Cardiac tamponade is when the pericardial effusion 
becomes just so much you can't fill your heart chambers, and first your right atrium and 
right ventricle get squished, and then over time your left side, too. You get the same kind of
things you'd have with cardiac failure, where you get tachycardia to try to respond and 
high jugular venous pressure because of back-up, but you have muffled heart sounds and 
hypotension. Also, when your pt breathes in, his systolic bp will drop more than 10 mmHg 
(pulsus paradoxus) a lot of times. Normally, breathing in lowers your intrathoracic 
pressure, which lets lots of blood flow into your heart (because it has less pressure 



pushing in from outside the vessels) and the right ventricle gets big to take in all that extra 
volume. In cardiac tamponade, your right ventricle is squished, so when you breathe in all 
that extra venous return just kind of pushes the interventricular septum towards the left 
ventricle. So the left ventricle is now a little squished, and can't put out the systolic 
pressure it could normally. So there's a big drop in systolic pressure when you breathe in.

Cardiac tamponade is pretty awful, and as soon as you see the “flask-shape” around the 
heart in an X-ray, or the reduced voltage in the EKG, and more than anything the squished
heart in echocardiography, you basically need to pop that balloon. Gotta drain that liquid 
that's squishing the heart! You might also give vasopressors and intravenous hydration to 
help put systemic blood pressure up if you can't get the pt into pericardiocentesis right 
away.

When you've got inflammation, sometimes you don't just get a sack of fluid around the 
heart, and instead what you've got is the pericardium becoming all stiff and thick and 
fibrotic, and that keeps the heart from filling during diastole. This is usually really 
symmetrical and hits all four chambers, unlike the liquid pericardial effusion we talked 
about, that turns into cardiac tamponade but starts by squishing the right side of the heart. 
Also, unlike the pericardial effusion, at the beginning of diastole you don't have much of a 
problem; it's later that you start being too stiff. This condition is called constrictive 
pericarditis, and tuberculous pericarditis is its most common cause. Your pt will come 
in with right heart failure symptoms. Jugular pressure when they breathe stays the same or
increases instead of going down, and unlike in pericardial tamponade, there isn't a 
pulsus paradoxus. That's all because the thick pericardium keeps the pressures in the 
thorax very separate from the pressures in the heart—it's not manipulate-able like the 
water-sack of tamponade is. When you listen to your patient's heart, you might hear a 
pericardial knock where, between the aortic and the pulmonary parts of S2, in early 
diastole, there's an extra “knock” at the left sternal border. That's because the early fast 
diastolic filling gets suddenly stopped and choked, and now filling from there on out is slow
and you get that stiffness we talked about. To diagnose pericardial constriction, you can 
look for calcification and pleural effusions on an X-ray; thick pericardium in an 
echocardiograph, with a ventricular septum that doesn't move normal and a dilated inferior 
vena cava; pulmonary and hepatic veins with different flow velocities from normal and non-
normal ventricular filling; and thick pericardium in CT or MRI. Apparently this isn't actually a
condition that's easy to see, and you can really confirm your diagnosis with right-sided 
heart catheterization. In pressure tracings, you can see that the left and right ventricular 
diastolic pressures are pretty much super-imposable (they sit right over top one another, 
and aren't one after the other) and they don't change with exercise. That's important! You 
treat this with salt-restriction, and diuretics, and sometimes, if medicine won't fix the 
problem, you do surgery to take away the pericardium. Unfortunately, that's not perfectly 
curative for patients with radiation heart injury, who may have myocardial restriction, too, 
but pts with tuberculous damage will prolly get fixed once you fix the underlying condition 
and/or remove the pericardium.

Effusive constrictive pericarditis means you've got both pericardial effusion, or liquid, 
and constriction. So draining the pericardial fluid only fixes part of the problem. You're 
more likely to see this in a patient with radiation damage, and you diagnose it after you've 
done pericardiocentesis (drained the fluid) and not seen any help, so then you also have to
do a pericardectomy. Poor patient!
 
Myocardial Diseases



Myocarditis is inflammation of your heart muscle. Enteroviruses like coxsackie group B, 
adenoviruses, parvoviruses B12, hep C, cytomegalovirus, and HIV are big culprits here. 
“AEP,3C,HIV” rhymes and helps me remember these viruses. The virus infects the 
myocyte, and an abnormal immune response calls T lymphocytes and macrophages into 
the myocardium with lots of IL and TNF and antibodies against myocardial proteins. While 
the virus replication is annoying, it's our crazy immune response that really causes the 
problem, and in the last phase of the disease we get dilated cardiomyopathy and heart 
failure as myocytes atrophy and apoptose and get remodeled all wrong. Your patient may 
not come in for the heart complaints until a few weeks after the viral illness (you know, with
fevers, muscle aches, so on) is already done.

Bacteria like dipththeria, brucellosis, clostridium, legionnaires disease, 
meningococcal infection, strep, and mycoplasma are the most common bacteria that 
cause myocarditis, but there are others—the whole list is in the FCARDs. These most 
common are DBCLMSM: “Don't be crazy like my silly mom.” (My mom is actually very 
non-crazy, but this is an easy way to remember it, because a crazy mom might stress you 
into heart disease) Rickets, leptospirosis, lyme disease, fungus, and trypanosoma cruzi 
can also cause myocarditis: trypanosoma cruzi is interesting because it causes Chagas 
disease (which happens predominantly in Mexico, says teacher-doctor-lady) with dilated 
cardiomyopathy. If your patient doesn't have a virus, a lot of times they'll come in 
complaining about the yuckky symptoms of the bacteria (or fungus or trypanosoma) at the 
same time as they've got the heart failure symptoms.

I'm sorry, I'm throwing out all these crazy words already. Dilated cardiomyopathy is 
where the ventricle wall is thin, and basically the heart is like a big ole' shopping bag. 
Restrictive cardiomyopathy is where the ventricles are all tiny and squeezed together, 
both ventricles, because of deposits and stuff. Hypertrophic cardiomyopathy is when the
muscle of the left ventricle has gotten all huge and blocks the left ventricle (could be right, 
too, of course), and the heart looks like it's been working out waaaay too much. 

Okay, so yeah. Myocarditis. Chemotherapy drugs daunorubicin and doxorubicin, and also 
cocaine, can also cause it.

Giant cell myocarditis is when you see these huge multinucleated giant cells on the heart
biopsy, and the pt has ventricular arrhythmias and severe heart failure, and we don't know 
why but think it's autoimmune. We fix it with immunosuppressive therapy.

PT will be tachycardic, and hypotensive, and you might see elevated jugular venous 
pressure and peripheral edema, and you might hear an S3 gallop and crackles. You then 
order your cardiac enzymes (troponin, CK-MB) and find they're elevated. Then you look for
the source of the infection: look for rising viral titers, and try to run tests for some of the 
bacteria mentioned. Cecil kind of debates with itself about doing an endomyocardial 
biopsy, because apparently while sometimes you can look and say “yes, I see 
myocarditis,” a lot of times people don't see the same things with the techniques we have, 
and the biopsy findings don't prove a conclusive diagnosis. It's useful in giant cell 
myocarditis and hypersensitivity myocarditis (where you see eosinophils), because then 
you know you need to give anti-inflammatory meds. 

You could conceivably use PCR for viral genomes, too. Problem with viruses is that, 
according to Cecil, we've got no good therapy for viruses, so about 1/3 of patients will 
recover, 1/3 will become stable with beta blockers, ACE inhibitors, aldosterone receptor 
blockers, and diuretics, and 1/3 patients will go into heart failure.



All patients with myocarditis can't exercise competitively for at least 6 months after going to
the doctor with myocarditis.

On to other myopathies!

Dilated cardiomyopathy is when your heart walls get all dilated in your ventricles and 
your heart is like this floppy plastic bag. Goljan says it happens because of volume 
overload—like too much pre-load, all pushing on your heart and stretching it out, as 
opposed to concentric hypertrophy which happens as your heart works out super-hard 
because of afterload, because your heart's pushing against a stenotic aortic valve or a 
huge blood pressure or something like that. Dilated=volume overload. Concentric 
hypertrophy=afterload. HOWEVER Cecil says that when we classify a disease as a type of
“dilated cardiomyopathy,” it isn't related to load stuff. What? As in, when you classify the 
primary disease as dilated cardiomyopathy, it's because something was attacking the heart
muscle directly; that's different than when you get a dilated heart secondary to something 
like valvular dysfunction. Like your heart can get dilated because of a load problem, but 
that's not the same as a disease that is a dilated cardiomyopathy. So understand the 
difference between a primary dilated cardiomyopathy, where something's directly attacking
the muscle and making it lose compliance, and a dilation secondary to a load problem, and
understand that it's pre-load problems that produce that latter kind of dilation.

So! What causes dilated cardiomyopathy, as a purely-classified disease? Some people 
just have genes that make their cardiomyocytes bad at stretching, and already-stretched-
out. That's about a quarter of the DCM cases. Viral or other myocarditis, toxins, and 
pregnancy can also dilate your heart. Viral myocarditis is the most common cause. Of 
the toxins, you need to worry about anthracyclines like doxorubicin (Adriamycin), 
daunorubicin, and other chemotherapies. If you drink seven alcoholic drinks per day for 
more than five years you might get dilation, too. People don't understand why pregnant 
women sometimes get DCM, but it might be because they make weird antibodies, or 
because of changes in load, and this can be deadly for them. Vitamin deficiencies that 
cause dilated cardiomyopathy include: Vitamin C deficiency causing scurvy, selenium 
deficiency, and thiamine deficiency causing beriberi. Autoimmune disorders like 
rheumatoid arthritis, systematic lupus erythematosus, and dermatomyositis can kill 
myocyte proteins and cause cardiomyopathy, and endocrine disorders like diabetes 
mellitus, hyperthyroidism, hypothyroidism, hyperparathyroidism, pheochromocytoma, and 
acromegaly can dilate your heart because of the systemic effects they have on pre-load, or
because of direct effects on heart tissue.

End pathophysiology

Arterial Hypertension

According to Cecil, even though hypertension is the leading cause of death worldwide, and
even though hypertension can be treated with meds so it isn't deadly, a huge number of 
hypertensive patients don't get treated, or stay undertreated, even in areas with really 
advanced medical care. How can you fix this? 

We need to take blood pressure well, and understand what it means. We tend to think 
about BP in terms of high, or normal, but actually there isn't some magical healthy cut-off 
point. Any increase in systolic/diastolic BP above 115/75 comes with a logarithmic increase
in heart disease and stroke risk, period. We define prehypertension as Bps from 120 to 



139 sys, 80-89 diastolic. Wow. 

Oral contraceptives raise bp, normally in normal range, can raise it beyond normal range

If you see a little arrow pointing under a rib in X-ray and the pt is hypertention and 
pediatric, it's coarctation of the aorta, done.

Most common cause of secondary hypertension is reno-vascular
150/90 for over 60 years

Nomral dude hs a neck of 16

Lungs

Normal Respiratory Function

When a really big giant broad-shouldered dude stands up in front of your class and says, 
“The lung is the most important organ in the body. Anyone against this?” You don't name a 
different organ.

So, you can review histology of the lung on pg. FIXAL. Your respiratory epithelium is 
pseudo-stratified ciliated columnar in your nose, nasal cavity, trachea, false vocal cords, 
and bronchi, stratified squamous epithelium in your oropharynx and true voice box, 
pseudostratified ciliated columnar in your trachea, simple columnar in your tertiary 
bronchus, simple cuboidal in your bronchioles, and simple squamous pneumocytes in your
alveoli. Pneumocytes type II make surfactant. That's the phospholipid/protein secretion 
that reduces surface tension so it's easier for your lungs to expand and stuff.

You can review lung anatomy on pg. FIXAL. Your right lung is wider, with three lobes, 
superior, middle, and inferior, separated by an oblique and horizontal fissure. Your left lung
just has two lobes. Remember that 75 percent of active inhalation is your diaphragm, 
helped by your external intercostals.

You can review lung physiology on pg. FIXAL. Via Fick's Law and a few other ones you 
know the ideal surface for gas exchange will be very big, and very thing. The surface area 
of your lung is about half of a tennis court, 50-100 square meters, all distributed through 
the alveoli, and super-thin.

Coup and Bronchiolitis

Obstructive Alterations in Pulmonary Function

When you think obstructions, you should think COPD, asthma, cystic fibrosis, 
bronchiectasis, and bronchiolar disorders.

When you think COPD, you should think emphysema, chronic bronchitis, and small 
airways disease, with mixed presentation: weird airway inflammation, in general, and lung 
structure changed after the pt inhaled an irritant like cigarette smoke. It's different that 
asthma because it's not hyperreactivity of bronchial smooth muscle—asthma has atopy, or
hyper-allergic-ness.



In obstructive lung disease, you have problems getting air OUT.

Spirometry is a technique that helps us rule out differential diagnosis of dyspnea. It's when 
the patient breathes normally and then pushes really hard against a tube, through their 
mouth, with their nose closed. An acceptable, usable, analyzable data collection has a 
rapid straight-line peak that then goes down in like a quadratic curve. Not a whole bunch of
jolts and stuff—the key is you need even ups and downs, and full expirations. Tidal volume
is the amount you inspire normally. Inspiratory reserve volume is the maximum amount of 
air you can inhale after a normal tidal volume. Expiratory reserve volume is the maximum 
amount of air you can exhale after your resting expiratory level (after your tidal volume). 
The residual volume is the air you can't expire—the air that stays there after you've tried 
your best to get out all your air. Vital capacity is the whole volume of air you exhale after 
you've breathed IN all the air you possibly can. We call it FVC when it's blown out hard, 
and SVC when it's blown out softly. FEVI is the amount of air you can forcibly exhale in 
one second (forced expiratory volume in one second). FEVI/FVC=FEVI-Percent(FEVI) 
That ratio should be 0.8 or 80 percent.

In obstructive disorders, your FVC is normal or low, your FEV1 is low, your FEV1/FVC is 
less than 70 percent (normal is 80), and your TLC is normal or up. So the ratio goes down 
while the FVC stays the same

Asthma is reversible. It's increased in the US from about 3 percent of the population in 
1980 to about 8 percent in 2005. I hope it's gone down again since 2005. It causes like 
4000 deaths a year. Puerto Ricans have a much higher incidence of asthma in the 
population than other areas in the US. But we could reverse all this.

In asthma the obstructive disorder is because the bronchoconstriction increases airway 
resistance. In response to an allergen, leukotrienes released by mast cells and T-cells and 
eosinophils make you bronchoconstrict and you also get more mucous production. Your 
epithelium also thickens. After too much remodelling you'll also get smooth muscle 
hyperplasia and hypertrophy and then it's not reversible anymore.

Ehler's Danlos Syndrome can also cause obstructive lung disease. Ritalin and Cannabis 
also. And also Marfan's, HIV, malnutrition, bullous sarcoidosis, and salla disease. Salla 
disease is a rare disease that has to do with how you manage acid in your tissues.

Restrictive Alterations in Pulmonary Function

In these, your FVC is down, your FEV1 is down.

Other Alterations That Hit the Lungs

Shock Syndrome

Kidney

Normal and Altered Fluids/Electrolytes

Usually hyponatremia means there's too much water (dilutional), not too little sodium 
(depletional). Meningitis and pneumonia are the most common causes of inappropriate 
ADH secretion, which causes dilutional hyponatremia. Beer potomania (excessive beer) 



can also cause dilutional hyponatremia.

Your PT might have seizures and neurological symptoms because of too much sodium 
outside the cell, and they'll also have cardio and other “too much water” symptoms. If your 
PT has depletional hyponatremia, give them sodium; otherwise restrict water. You have to 
deal with this really slowly, because if you correct it too fast you suddenly up all this 
hypertonicity outside of the cells, and so all the water from inside the cells leaps out into 
the extracellular space, and this destroys your myelinated cells first (Central Pontine 
Myelinosis) and can leave you with permanent neuro damage.

In hypocalemia you see ST depression, prolonged PR interval, slightly peaked and poky 
and triangular P wve, and shallow T-wave with a BIG U wave. 

Someone with hyperkalemia will have a wide QRS, with a prolonged QR interval, a wide 
flat P wave, a decreased R wave amplitude, depressed ST segment, and tall, peaked T 
wave.

Hypokalemia is usually caused by increase K+ loss, not by decreased K+ intake (you can 
get potassium all kinds of places). 

Folks with Addison's disease 

Acid-Base Balance

pg. 316

Most of what your body makes in acid, and when you break down glucose and fatty acids, 
you make even more acid. The more protein you eat, the more acids you make, but 
hopefully you never get below a pH of 7.40, or above 40 mEq/L of protons in your blood.

Folks who are metabolizing methionine and cysteine (sulfur-containing amino caicds) get 
about 1 mm/Kg/day more of acid and people who are building a lot of bone are more acidic
too.

You keep your homoeostasis by reabsorbing all the basic bicarbonate you filter out, 
otherwise you get problems. 85 percent in the proximal tubule. Then some in the loop of 
Henle and such.

Distal is smarter because regulated by proteins...

MUDPILES
methanol-uremia DKA (dieabetic keto acidosis),
Paradlehyde isoniazid lactic acidosis ethylene glycole salicylates
Those are the things that cause a high anion gap

someone ho responds to chloride and that fixes their alkalosis, that person was 
dehydrated 
Things that cause reststance to chloride are hyperalodesrtonism or hyper-renin, Lidddle's 
syndrome, Bartter and Gitleman syndromes, and licorice

crying can cause respiratory alkalosis but the most common cause is hyperventilation 
caused by hypoxia so like pneumonia, pulmonary emboli, hemodialysis, psychogenic 



hyperventilation. You hyperventilate to get that oxygen in, but at expense of a lot of CO2 
kicked out
Chronic liver failure
fever
salicylates
CNS lesions
prengancy
dis shit all can cause respiratory akalalosis

Compensation doesn't count as a mixed acid-base disorder. If it is within compensation 
range, it's not mixed AB disorder. If it's somewhere like 40 when it should have ben 26, 
then it's not about the person hyperventilating themselves into the 40s, it's there's a mixed 
disorder here

Plasma Anion Gap is for acids that aren't Hcl and H2CO3
soidum minus (chloridne + HCO3-) should be ten plus or mins 2 meq/L
Is the increased AG explained by decrease in HCO3-?
Measured HCO3-
divided by
Measured AG CHANGE
That number should be about 1. If it's more than 1, you have a mixed HAG and NAG 
metabolic acidosis
if It's less than one, you have a HAG acidosis and metabolic alkalaosis.
Basically the compensation should be proportional, anad if it's not, you know you'e got 
mixed disorder.

You can predict compensation 
Metabolic acidosis compensation should follow winter's equation 
pCO2= HCO3- times 1.5 plus 8, with standard dev of +/- 2 mmHg
metabolic alkalalosis 
PCO2 up 0.75 mmHg for 1 meq/L of HCO3 minus
respiratory acidosis

Look at pH and decide primary acid-base problem 
Then calclulate expected compensation 
Then calculate the anion gap (if it's metabolic acidosis)
If the anion gap is up, that's when you use change in bicarb versus change in anion gap
If antion gap is normal, calculate UNC
If AG is up and you think they're drunk, calculate osmolal gap

CO2 on the labs is total CO2, which is concentration of bicarbonate, not pCO2
Make sure to do gases because a change in that CO2 doesn't tell you if you've got 
respiratory or metabolic problems! 
If serum HCO3 is low, and pCO2 is around normal, you have metabolic acidosis; if pCO2 
is super-low you have too much respiratory compensation and respiratory alkalosis maybe

shortcut: pCO2 should be last two digits of pH plus or minus 2 (only in a simple disorder, 
not in real patient)

Acute vs. Chronic Renal Failure

FCARDS: pathophysiology: renal: acute-failure



Acute renal failure is when your GFR suddenly declines. You might still be peeing, or you 
might not produce any urine anymore (usually doctors look for oliguria, lack of pee). You 
then hold on nitrogen waste (so blood urea nitrogen, BUN, goes up, and creatinine too) 
and you have changes in your ECF volume and electrolyte balance and acid-base 
homeostasis. Clinically, says Cecil, you talk more about acute kidney injury than acute 
renal failure, since it's harder to define failure, and you define AKI as decline in function in 
48 hours, where serum creatinine goes up 0.3 mg/dl or more or 50 percent, or urine output
goes down to 0.5 ml/kg per hour for more than six hours.

This could be because of a pre-renal problems (hypovolemia for example), a renal 
problem (blocked renal artery, vasculitis, glomerulonephritis, etc) or something post-renal 
(like a stone blocking the ureter). The single most common renal disease that causes AKI 
is acute tubular necrosis. Acute tubular necrosis is when GFR goes down because of 
ischemia or nephrotoxins. You have to differentiate this from infections. Aminoglycosides, 
cephaloridine, cadmium chloride, and potassium dichromate can all poison the proximal 
convoluted tubule; NSAIDs, ACE inhibitors, cyclosporin A can all poison the renal 
vessels; phenacetin can poison the papillae; cephalosporins, cadmium, and NSAIDs can 
all poison the interstitium; interferon alpha, gold, and penicillamine can poison the 
glomeruli, and cisplatin, mercuric chloride, and dichlorovinyl-L-cysteine can hurt the 
proximal straight tubule. Your body can also make toxins due to myeloma (intratubular 
proteins), cancer's tumor lysis syndrome (intratubular crystals like uric acid and oxalate), or
too much production of pigments like hemoglobin and myoglobin.

When the kidney's injured in acute tubular necrosis, it will try to protect itself and make its 
job easier by decreasing blood-flow—keeping toxins away and decreasing its workload—
with an increase in vasoconstrictors like angiotensin II, endothelin, thromboxane, 
adenosine, leukotrienes, platelet-activating factor, and so on. It will drive down vasodilators
like PGI2 and EDNO. Unfortunately, this vasoconstriction also keeps blood away from the 
medulla, and you get hypoxia, and of course that can lead to more ischemia. The straight 
or S3 part of the proximal tubule, and the thick ascending loop of Henle, are more likely to 
get ischemia since they've got higher metabolic demands and less pO2 vascularization 
(the blood goes to the cortex first, and you get it in the deeper parts of your medulla last).

As soon as your patient arrives with AKI signs you need to look for urinary tract 
obstruction, a reduction in blood volume, occlusion, and parenchymal renal disease other 
than acute tubular necrosis, just to make sure that once you help the kidney by increasing 
blood flow and stuff to save it from necrosis, you don't over-stress is when there's another 
disease there, too! The most important thing, says Cecil, is to differentiate between 
prerenal azotemia (so like volume depletion) and ATN. Your pt might need more liquids! 
You're also ruling out obstruction, emboli, and other stuff that you'd treat differently. You 
can do this with renal ultrasound to look for the kidney size, or for rocks and stuff.

You can also help yourself tell the difference between ATN and obstruction, pre-renal, and 
glomerulnephritis by calculating the Fractional Excretion of Sodium. To do that, you 
need the urine sodium concentration, the plasma urine concentration, the urine creatinine, 
and the plasma creatine. The fractional excretion is (urine sodium over blood sodium) 
divided by (urine creatinine over plasma creatinine), all times 100. If that number is less 
than one, you probably have pre-renal or pre-tubular problems, or you might have 
glomerulonephritis. If it's greater than one, you probably have ATN or obstruction. Why? 
Because if the problem is before the kidney, your body is holding on to all the sodium and 
water it can because it's got no volume, so it won't pee any of it out. The fraction's 



numerator will be lower, and especially the urine sodium will be tiny (less than 20 mEq/L, 
compared to Urine/Plasma creatinine over 30 mEq/L because creatinine's still passing). If 
the problem is after your kidney, your body's not hypovolemic, and it would like to get rid of
some sodium and water, and it's dropping that sodium off in your urine, trying to get you to 
get rid of water even though your kidney's not responding. Again: ATN more than 1, 
prerenal is less than 1.

If you'd rather memorize that calculate, ATN comes with urine sodium over 40 mEq/L; pre-
renal azotemia comes with urine sodium of less than 20. ATN comes with urine 
creatinine/plasma creatinine less than 20 mg/dl; pre-renal azotemia comes with more than 
40. Pre-renal azotemia brings urine osmolarity up to 500 mosm/kg; ATN brings it down to 
350 or less. Basically, a urinalysis is wonderful and a great way to find out what's going on.

There are exceptions to this fraction rule, though. Pts with ATN that comes after burns, 
sepsis, radiographic dyes, glomerulonephritis, inflammation (kidney transplant rejection or 
vasculitis) will have Fe(sodium) less than one. ATN that fits the fraction definition is only 
ischemic or poisoned.

If your pt shows reduced body weight, decreased jugular venous pulse, and BP and pulse 
that changes with the pt's posture, his AKI is probably pre-renal. It's not just about 
dehydration or hemorrhage, though: In situations like cardiac failure, the pt might have 
plenty of fluid in his body, but none of it goes to the kidney because all of it's all edema-ing 
out into the body. If your pt has a distended, tender bladder, look for lower urinary tract 
obstruction. Check your pt's prostate to see if it's big and blocking the UT. If your pt has 
fever and rash, look for acute interstitial nephritis. If your pt has recently had their aorta 
catheterized, look for cholesterol or other atheromatous emboli. Your pt might have lace-
like purple color in his skin because his vasculature is getting all net-like near the skin. 
That's called livedo reticularis, and maybe it means his vessels are spasming, and maybe 
that all will send emboli into his kidney.

Look at how much your pt is peeing. Anuria (no pee)--or no urine and then a whole bunch 
of urine and urine is changing all over the place—means it's probably obstruction, not ATN.
A pt with ATN will usually have urine less than 400 mL per day, but they might pee as 
much as 2L per day.

Look at the sediment in your pt's urine. Dirty brown granular casts and free and cast 
tubular epithelial cells? ATN! 70 to 80 percent of pts with ATN have that. In prerenal failure 
you don't really see a lot of casts, although you might see a little bit of hyaline and very 
very fine granular casts. Again, think pre-renal, I'm holding on to everything that I can. 
Sediment has lots of uric acid crystals or oxalate crystals? May be acute hyperuricemia 
after chemotherapy, you know with that tumor-lysis and stuff, or methoxyflurane 
anesthesia that's poisoning your kidney with oxalate. Cecil says sediment with only a ”few 
formed elements” might mean obstruction. If there's 3+ to 4+ protein, 2+ to 3+ blood, and 
active RBCs and RBC casts, you should think about glomerulonephritis and take a biopsy. 
If there's only a few RBCs, but a TON of heme, look for myoglobinuria or hemoglobinuria. 
Myoglobinuria will also come with uric acid crystals and granular casts. If there's lots of 
muscle enzymes like CPK think of rhabdomyolysis.

Don't forget to go back over your pt's hospital records. Look for the medications we've 
mentioned, an infection (sepsis causes vascular problems and ischemia, too, even without
hypotension), contrast studies like cholecystography, intravenous pyelography, or 
angiography (those things cause oliguric ATN within 24 to 48 hours in susceptible 



patients), and a history of (possibly-incompatible) blood transfusions. If the pt has lots of 
hypotension in his past, that could be prerenal azotemia, obviously.

Finally, imaging studies help, too. Normal-sized kidneys with advanced azotemia means 
the problem's acute, not chronic—or, if it is chronic, it's diabetes, HIV nephropathy, multiple
myeloma, or amyloidosis. 

So what if this AKI isn't dealt with or caught in time? Your pt will have volume 
expansion, which can lead to congestive heart failure, and as the water won't leave they're
diluting all their body's salt, creating hyponatremia. Since they're not excreting potassium 
like they're supposed to, you'll have both hyperkalemia and acidosis, and the elevated 
potassium levels can trigger arrhythmias. They also aren't excreting magnesium, ric acid, 
or phosphate. As you know, phosphate is kind of the anti-calcium in the blood, so they'll 
also have hypocalcemia, and weird calcium build-ups where they shouldn't have them 
(metastatic calcifications). Because they aren't excreting urea, they can get pericarditis in 
their hearts. Do you remember asterixis? It's when, if you extend your wrist, your hand 
flaps like a bird trying to fly. Because there's so much urea attacking your nervous sytem, 
you get asterixis, confusion, somnolence, seizures, and even a coma. In your blood, 
because you've got so much liquid and because your kidneys aren't doing their 
erythropoietin job, you'll get anemia, and you'll have trouble clotting, so you'll bleed. If you 
aren't making blood well, you also aren't making all your immune cells, so you'll be more 
prone to infection. The urea poison also starts knocking out your liver, making you 
intolerant to glucose, and your skin, giving you pruritis, and your GI gets nausea, vomiting, 
gastritis (lotta bacteria there while your immune-system's shot), and bleeding (again, 
trouble clotting).

Potassium is in everything in the puerto rican diet (tostones, viandas, etc) and in tomatoes 
and beans
Phosphorus is in all the red meats and coca cola and cheese

Acute renal failure is pretty nasty. It may kill up to fifty percent of patients, with only 15 
percent in full recovery and everyone else in some kind of stable or dialysis managed 
state. 

Intersting comments on quality of life, the little boy with cerebral palsy, the parents who eat
bad food even though they shouldn't—what is quality of life for that patient? So then his 
motto is to cure sometimes, to relieve often, and to comfort always, which I think is really 
lovely.

Hematuria

Women are about four times more likely to get hematuria than boys, and only about one 
percent of children will ever get persistent hematuria (although as many as four percent 
might have hematuria at one point in their lives).

If your pt has hematuria, that might range from red red pee to just clear pee with some red 
sediment. Also, having pink pee because of antibiotics is not hematuria.

If you see hematuria without anything else, no protein or anything in the pt's urine, they 
might have benign persistent hematuria. A lot of kids have blood in their urine with no 
cause, and no problem (idiopathic). If your pt is otherwise totally healthy, with no protein in 
their pee, this benign hematuria means you should watch the child, but not do anything 



invasive. 

If there's pain or protein, we're talking about something else, though. Glomerular bleeding 
will usually have proteinuria, too, so glomerulonephritis you'll see blood and protein. 

Terminal hematuria is when you start peeing clear, and then at the end you end up with 
red. This can't be glomerulonephritis, because if the blood comes from high up in the 
glomerulus, it would be bleeding the whole time. This means that while the patient is 
peeing, they're stretching some injured capillary or something towards the bottom of the 
urinary tract, and at the end of the stream as they've stretched it all out they bleed. Non-
glomerular hematuria can happen because of mechanical trauma to the genitals or the end
of the urinary tract, or because of exercise-induced over-strain. Apparently overly-rough 
masturbation can cause this bleeding in teenage boys. With exercise-induced hematuria, 
you have to know that hematuria associated with exercise isn't the same as hematuria 
caused by exercise. That's a diagnosis of exclusion—most patients who have blood when 
they exercise have a pathology, like a Wilm's tumor, so you have to rule out all those 
things first. 

Also, it may sound obvious, but before you take a urinalysis on a girl you should make 
sure she's not menstruating. That's obviously non-glomerular hematuria, but obviously not 
pathological!

UTI, hypercalciuria/urolithiasis, sickle cell disease, coagulopathy, tumors, anotomic 
abnormalities like polycystic kidney disease, vascular malformations, and drugs/toxins can 
all cause non-glomerular hematuria, too. If your pt has coagulopathy like hemophilia 
though, the hematuria is almost never the first symptom—you'll see something else first. In
tumors, you'll see microscopic hematuria pretty consistently.

Hematuria that comes from the glomerulus will give coke or tea-colored urine. If you see 
RBC casts, you know it's glomerulonephritis. But a clear urine with protein in it is scarier 
than a red urine without protein, remember. Pts with thin basement membrane disease, 
alport's, IgA nephropathy, hemolytic uremic syndrome, postinfectious glomerulonephritis, 
membranoproliferative glomerulonephritis, lupus nephritis, henoch-schonlein pupura—
they'll all have blood in their urine. That first one, the thin basement membrane thing, 
causes benign familial hematuria and won't really hurt the patient, especially if everyone in 
the family has had blood in the urine and is totally fine. Now if your patient's got people in 
their family with renal failure or cataracts, that suggests Alport's, and that's definitely not 
totally fine. That comes with hearing or visual problems. Remember Alport's is X-linked, 
and comes from the mother's line, and a father won't pass his Alport's on, so you can tell if 
it's not Alport's based on family history. If your pt has a lot of bright red, gross hematuria 
(as opposed to microscopic where you only find it in a microscope), over a long period of 
time, they might have hypercalciuria or IgA nephropathy. If ther'es a family history of 
stones, it's probably hypercalciuria.

It's rare to do cystoscopy in kids, but in smokers over 50 it's indicated

If ther'es no protein, you look for renal US, U/C, U Ca/Cr, ANA, C3/C4, BUN/Cr, Hgb 
electrophoresis, cystoscopy in adults, and if that's all negative, it's benign persisten 
microhematuria. Ask pt then to come back once a year just U/A and BP, not for all the labs
—don't make the patient think there's a problem and “no one knows what she has”--let 
them know that the patient has benign microhematuria, and that they'll probably die of very
old age. Assurance, assurance, assurance. Don't make the child grow up thinking that 



they're a sick person—have the child grow up thinking they are being careful when they go
to the doctor, but they're healthy. If any of it's positive, you refer to a nephrologist. If there's
protein, you do ANA, C3/C4, CMP, HIV, and hepatitis profile, and U Pr/Cr. 

Glomerulonephritis 

Systematic Diseases of Kidney

Polycystic Kidney, Tubular, and Interstitial Disorders

Blood

Thrombocytopenia happens via three fundamental mechanisms: decreased production, 
increased destruction, or abnormal distribution of thrombocytes. In abnormal distribution 
they might be trapped in the spleen or something.

Thromboxane A2 plugs are slightly more stable but it's not an actually stable hemostatic 
plug until after you've got platelets aggregated and then finally fused with fibrin. You've got 
the thromboplastin pathway that causes blood coagulation, thrombin release, and then 
fibrin, and you've got the collagen exposure that gets the platelets released, releases 
serotonin for vasoconstriction, and releases platelet factor 3 to feed back into that fibring 
pathway via blood coagulation. The platelet release reaciton from collagen exposure also 
starts the thromboxane A2 and ADP reactions going to get the platelet aggregation. So two
pathways: get platelts going, and get fibrin going. They come together to make a clot.

Thrombocytopenia can be inheritied in lots of different ways. May-Hegglin 
thrombocytopenia is when you've got a mutaion in the MYH9 gene on chrmosome 22q11. 
These patients need platelets always, because they always have platelets below 10,000 
all their lives. This is the most common cause of inherited thrombocytopenia in Puerto 
Rico. This is inherited autosomal dominantly. Most of the patients are asymptomatic with 
10-15 thousand platelets. But if you're doing surgery or something you need to give them a
transfusion of extra platelets. In lab you'll see giant platelets and inclusion bodies in the 
WBCs.

Alport's syndrome and Fanconi's anemia are also other ways you can get 
thrombocytopenia. Remember in Alports there will be nephritis and deafness, and in 
Fanconi's there will be problems with stem cells so you have anemia and neutropenia and 
other problems—pancytopenia, not just thrombocytopenia per se. Alport's is inherited, 
while Fanconi's is congenital.

Of the acquired mechanisms, you need to look at failure of platelet production starting 
back in the bone marrow. This is an aplastic or megaloblastic deficiency. These problems 
usually affect more than just the platelets—you're looking at things like leukemia nad stuff 
here. It'd be really rare that you selectively acquire a failure to make platelets.

Hypersplenism or splenomegaly is when you get abnormal distribution of platelets 
because your spleen is holding on to all your platelets. This can happen because of liver 
cirrhosis causing portal hypertension, causing blood back-up into your spleen. This could 
also cause because of lymphoproliferative or myeloproliferative disorders, but by far 



chronic liver disease is the main cause of splenomegaly causing thrombocytopenia. In 
these patients the platelets still work normally, and when the patient bleeds they don't 
bleed out, it's just that all their platelets are stored in the spleen instead of floating around 
their bodies. On rare occasions they might have bleeding problems. Folks with chronic 
liver disease will usually bleed not because of platelet loss, but because they're not 
making enough factor 10 and 7 and all those in their injured livers.

One common cause of platelet destruction is when you've got primary or secondary (like in
lupus) autoantibodies that attack your platelets. Immune thrombocytopenia purpura is an 
example of an immune disorder where you attack your own platelets. You will usually see 
IgG attacking the platelets, and you will see most of the destruction in the spleen. Usually 
you won't be able to find a cause in the history or the physical for the person having like 
5000 platelets. This used to be called idiopathic thrombocytopenia purpura. In kids, it 
happens between 2-4 years, and in adults it's more common as you get older and you're a 
girl. Kids usually get over it by themselves. This is primary immune thrombocytopenia.

The secondary immune thrombocytopenia is when an infection with hepatitis, Hiv, or 
helicobactor pylori, or drugs, or an autoimmune disorder like lupus or thryroiditis, or a 
lymphoproliferative diroserr like lymphomas or CLL, or basically anything causes this. 
That's secondary—you can identify a cause, it's not just you making platelet antibodies for 
no apparent reason. Some kinds of lymphoma make you attack your own platelets, too, as
can HIV infection. Babies could get also antibodies from mom, or you could get some post-
transfusion antibodies from someone else, that attack your platelets. 

When you see a patient with primary immune thrombocytopenia, you see them with 
spontaneous mucocutaneous bleeding—petechias, echymosis, and purpuras. This 
happens if they're bleeding because their platelet count is below 30,000. Folks with higher 
blood counts than this probably won't have spontaneous bleeding. It's still important that 
they get more platelets, but they're not show up with any serious abnormalities on their 
physical exam. Usually these folks have normal leukocytes and hemoglobin unless they've
been bleeding a lot. You really don't need to take bone marrow to diagnose these patients 
once you've seen their peripheral smear, unless you're trying to exclude secondary 
causes, or you're about to take our their spleens. The giant platelets you see on this smear
are because the medulla of the bone is trying to compensate for the platelet lack by 
shoving out unfinished platelets before they're finished forming and shrinking.

Like we said, just observe kids—they usually get over it by themselves. You might give 
them a short course of steroids. In adults, you give steroids and a high dose of normal IgG,
and if they're RH+, you give Anti RH or D globulin. You preferably use prednisone, 
especially to treat a patient who is reliable and ambulatory and is above 30,000 but still low
and needs treatment. IgG is really effective. You use IgG and prednisone together in 
patients with less than 20,000 platelets who you really need to treat aggressively. 80-90 
percent of patients respond to steroids, and 2/3 of this 80 percent will just respond well to 
stereoids and not have the problem again. But about a 20-30 percent of these steroid-
responsive patients will have chronic thrombocytopenia. These patients you will really 
manage individually. For those chronic patients you might take out their spleen, or give 
them rituxamab, if they're unresponsive to these treatments. Only 30 percent of patients 
respond to the splenectomy, and that's usually for young, stronger patients (but not kids, 
because that puts them at risk of fatal infections). Try to premedicate those splenected 
patients with prophylaxis against h. flu, pneumococcal infections, and hepatitis—use 
vaccines. Rituxamab is an antibody that attacks CD20 antibodies, and it's an effective but 
expensive immuno-suppresent for chronic thrombocytopenia. You use RH for patients who



still have their spleens and who are Rh positive. These patients have ot have their spleens
or this won't work. Why? How does this work? You know how someone who is RH- has 
anti-RH factors that will kill the red blood cells of someone who is RH+? Basically you are 
inducing hemolysis! You are giving an anti-RH, a D-globulin, that will cause an auto-
immune reaction with the RH factor on the red blood cells! So now the spleen gets really 
busy cleaning up this hemolysis, instead of eating up the platelets. So obviously this 
patient must have a spleen, or this won't work, and it's only a fix you do every now and 
then, short term, because you're trying to balance the drop in hemoglobin and RBCs with 
the drop in platelets as you try to stay at a safer level. We also have stimulants of 
thrombopoetin (TPOs) which are really expensive. Those stimulate the patient to make 
more thrombocytes.

Heparin is a drug that can induce immune thrombocytopenia. Heparin and platelet factor 4 
can somteims stimulate platelet activating AgG antibodies to attack them. Then you get 
lots of thrombin/antithrombin complexes in the patient's blood, and you'll get either a mild 
to severe thrombocytopenia, and a thrombosis in 50 percent of patients if left untreated. 
You monitor those platelet counts every other day from day four that they're on heparin to 
avoid all this. You can test with ELISA for heparin-PF4 immune complexes, or do a 
serotonin release assay, which is gold standard because it is faster than the ELISA and 
also very reliable, but it is super-super expensive. Better treat the patient for HIT (change 
the drug) to save their life, rather than wait for results!  A drop of 40-50 percent in the 
platelets on a patient in heparin, you need to assume HIT (heparin-induced 
thrombocytopenia) until you've proved the opposite—because this can become very 
serious and cause DVTs, pulmonary embolisms, brain thrombosis, etc. This can happen 
with any preparation of heparin—even the LMWH. The LMWH is safer, but it's not 
completely safe. This usually happens after 5-8 days of heparin therapy, if it's going to 
happen, and it happens more often in surgical patients who've undergone like cardiac or 
ortho procedures. As soon as you see those platelets drop 50 percent, again, you need to 
assume HIT and save their life that way. You could use direct inhibitors of thrombin 
instead, like argatroban and lepirudin or factor Xa inhibitors, so you can continue your 
anticoagulant therapy without using heparin. Don't use warfarin until the platelets are back 
to normal, it's not a good alternative, and don't suddenly change them to low molecular 
weight heparin if they already have HIT, because that's not going to help. Anyone who has 
had HIT in the past is very likely to get it again, so no heparin! You use the warfarin in a 
patient you're going to treat chronically, but you only do it after their platelets have gone 
back to normal. You don't do it beforehand—that combination can be fatal. With skin 
necrosis and cerebral infarcts! Some patients don't need to be on anticoagulants (like 
patients with thrombocytopenia) so in their cases you just stop the heparin.

You can also get thrombocytopenia purpura without immune factors. This is TTP: 
thrombotic thrombocytopenia purpura. Classically the pt came in with five symptoms: 
thrombocytopenia, microangiopathic hemolytic anemia, neurological deficits, renal failure, 
and fever. But now you don't need to wait for those horrible things to happen before you 
make the TTP diagnosis. You look for high bilirubin, microangiopathic hemolytic anemia, 
and thrombocytopenia, you already start thinking of TTP. Before, they didn't diagnose 
people on time, so they had all the five symptoms, and they were just so sick and dying. 
Now a days if you diagnose it fast enough you can save the patient before that. Suspect 
microangiopathic hemolysis and thrombocytopenia, that's enough. But also know you'll 
see elevated LDH, normal coagulation tests (as opposed to in DIC, where the PT and 
PTT are higher), RBC fragments and schistiocytes on peripheral smears. Look for that 
hemolysis! The more schistiocytes you see, the worse the TTP.



TTP happens because the red cells can't flow through your tiny occluded vessels normally,
so they get destroyed and sheared. Maybe because you have disseminated platelet 
thrombin formation in those little vessels. This happens often because the ADMTS 13 
protein, which is normally made by your liver, is deficient or dysfunctional and so you keep 
getting those little clotted blood vessels where your RBCs shear and have hemolysis. This 
is a temporary condition, and can happen just because one day you messed up on your 
ADAMTS, but it can also happen recurring because of a hereditary or familial problem in 
your genes. That's primary TTP. Secondary TTP is when you're on drugs, or you're 
pregnang, or have cancer, or HIV—this is super rare, to have this secondary TTP. 

There's another problem similar to TTP called HUS. It's when E. Coli releases shiga toxin 
that causes acute renal failure, thrombocytopenia, and microangiopathic hemolysis. So 
instead of just the two symptoms you need to suspect TTP, you have the added 
requirement of renal failure. HUS think pediatric. 90 percent of childhood HUS comes from
Shiga toxin!

HELP syndrome is another similar syndrome that happens in pregnant women. It's like 
HUS, with high bilirubin and hepatic failure and stuff, but she's pregnant, and in her last 
trimester. Think pregnant.

You treat TTP with plasma exchange. You need a special machine for that. For folks with 
chronic TTP problems, you might be able to give them ADAMTS 13 in some special 
centers.

TTP normally happens to people who are totally healthy otherwise.

Pseudo-thrombocytopenia is when you've got platelets that are in like 100 or 70 thousand, 
but you don't have a pathology: there's a laboratory phenomenon when you use EDTA and
the EDTA makes the blood clumping in vitro, so you get an abnormal count. Usually you 
use citrate to check your EDTA platelet test. The patient just might have blood that clumps 
near EDTA, so you need to check with citrate and see what their platelets actually are. So 
you don't necessarily freak out and get a bone marrow sample the minute some normal 
healthy person has really low platelets and there's no obvious cause for that in their family 
history or physical exam.

Post-transfusion purpura is when you give someone a transfusion, and then two weeks or 
like 5-15 days later they suddenly have thrombocytopenia. It's not an autoantibodies 
problem, it's an alloantibodies problem. Somehow this patient has antibodies and has 
been immunized against some special platelet in the donor. This usually happens in 
people who've gotten a lot of transfusions in the past. More common in men, and usually in
folks who are negative in one platelet antigen in particular called HPA-1A. The majority of 
these cases are self-limited, but some of them you have to treat with steroids and 
gammaglobulin—usually the platelets transfusions aren't effective, since they're destroyed 
as fast as you're giving them. 

Infections, bone marrow infection, EBV, CMV, Zoster, Dengue—all kinds of of things that 
get into your bone marrow can cause this. EBV is special because it can make you 
phagocytose your platelets and red blood cells. That's super-rare. These things usually 
cause thrombocytopenia in pateints who have all kinds of things going on—medicines, 
diseases, so on and so forth, food changes—all kinds of things that are making their life 
quality not so good and so they're getting low platelets. 



You could also have qualitative disorders of platelet function, where the quantity is normal 
but they don't work. These are usually hereditary. Usually folks with problems in plaelet 
function have lots of bleeding after trauma or surgery, and they get highly variable 
mucocutaneous bleeding. It's rare and not common for them to get deep hematomas or 
hemarthrosis—usually it's just they have really heavy menstruation, their gums bleed 
easily, mucosal stuff. Most of them have prolonged bleeding time. Usually normal bleeding 
time is 8-10 minutes. If it's above that, you think they have a defect. There are new platelet
function tests that are more sensitive and exact than bleeding time, though. 

Bernard-Soulier Syndrome, Glanzman Thrombasthenia, and Deficiency of Granules 
Stores or Storage Pool Deficiency are three hereditary problems where you have different 
defects in yoru platelets. The first is because your platelets don't stick together, second is 
because they don't aggregate.

But the most common hereditary disorder is that Von Willebrand's. It's because your 
endothelial cells and megakaryocytes aren't making it right. Von Willebrand's factor helps 
your platelets stick together, ti's the glue. If you don't have that, you won't have good 
platelet aggregation. That's the most common aggregation problem. Factor 8 travels with 
Von Willebrand's, so even though Von Weillebrand's disease doesn't make hemophilia, it 
can make you have some problems with Factor 8 too. The most common kind of Von 
Willebrand's is type 1. There are lots of types that depend on knd of inheritance and so on.
Type 3 is very very rare, and hard to detect, and that's why it's probably the most severe. 
When you diagnose Von Willebrand factor, you'll see changes in factor VIII levels lower, 
bleeding time increased, vWF antigens will be low, PTT slightly increased, ristocetin 
cofactor activity decreased because that's a measure of aggregation problems and the pt 
will have normal aggregation to serotonin and lots of other stuff but not ristocetin, and 
you'll use multimer analysis to classify the von Willebrand's. VIII and PTT don't have to be 
changed for the diagnosis. 

Depending on the severity you'll treat a pt with Von Willebrand's differently. The most 
common is to give them desmopressin. That stimulates temporary von Willebrand's 
production from the endothelial cells. Give that to them like half an hour before surgery or 
tooth removal or stuff like that. We can also just give them human vonWF via intravenous 
or intranasal stuff. There are folks who bleed so much that they need to have the 
intranasal stuff, but it's really expensive. Many Jehovah's Witnesses don't want vonWF 
because it came from human blood. Cryoprecipitate is when you've got lots of factor VIII 
and von WF separated away from plasma and RBCs, and in a pinch if you don't have the 
other things you could give your patient in an emergency cryoprecipitate to save their life.

You can get Von Willebrand's disease acquired through myeloproliferative neoplasms. Or 
you can get acquired platelet disorders from Aspirin or plavix.

It's interesting that serotonin makes your blood clot. And works with your immune system. 
And comes from your brain.

End pathophys



Chapter 16: Psychiatry

Did you know, that if a patient has breast cancer, and also depression, her probable 
mortality doubles? 

I think that statistic alone tells you to learn something, even if it's not much, about how 
important it is for normal doctors to understand psychiatric disorders.

How we diagnose psychiatry disorders, in general

This is the boringest part ever. So, we use the DSMV, bla bla, you should know that 
already. It's a big book that doesn't tell you anything about what causes each disorder, just 
what the symptoms are and what you need to do to diagnose it. The Kaplan has a table 
listing all the psychiatric disorders in the DSMV, in chapter 9, both in alphabetical order 
and grouped by type, with page numbers so you can find out more information about each 
disorder. The DSMV organizes disorders into childhood/infancy/adolescent disorders, 
substance-related disorders, schizophrenia and its family, anxiety disorders, somatoform 
disorders, factitious disorder, dissociative disorders, sexual and gender identity disorders, 
eating disorders, sleep disorders, impulse-control disorders, adjustment disorders, 
personality disorders, and a few other groupings. One of the groupings focuses on things 
that aren't disorders, but could affect disease-healing or other clinical parameters.

The DSM series uses a “multiaxial system.” That means you rate a patient like they have 
axes, or components of their mental health, and they might have disorders in any one of 
those axes, and the axes kind of helps you describe their mental problems. Axis 1 is 
clinical disorders and stuff that affects clinical treatment; II is personality disorders and 
mental retardation; III is the physical disorders that are related to or present with or 
causing the mental disorder; IV is the psychosocial and environmental problems that make
the disorder worse or better; and axis V is where you talk about their overall functioning on
a GAF (global assessment of functioning) scale that basically tells you how much I through
IV are affecting the patients' life. Some doctors use the axes when they write their clinical 
diagnosis, and others just list all the diagnosis in order of the numbers from the ICD-10. 
The ICD-10 is just the list of diseases that there are, and the diagnostic codes that match 
them. So basically for the patient's record you could fill out a form, with Axis I-V, and write 
codes and answers in each axis space so you've fully described the patient.

What if a patient has more than one clinical disorder? As in, both schizophrenia, and 
pyromania (the inability to control the impulse to set things on fire)? Which is the primary 
diagnosis you put in the Axis I area first (you list them both, one is just first)? It's the one 
that causes the other one. If you can't tell which one causes the other one, just put both, 
with the one you THINK is causative first.

So. There are some rating scales you may want to know about.
GAF: Global Assessment of Functioning Scale: For patient's overall ability to function.
SOFAS: Social and Occupational Functioning Assessment Scale: Track's a pt progress in 
social/occupational life.
GARF: GarelationalF: Measures a relationship or family, and how the relationship works.
DFS: Defensive Functioning Scale: Lists which defensive mechanisms pt uses, and 
whether they're healthy (like humor and sublimation) or really unhealthy, like denial and 
projection.
BPRS: Short scale for people with a really bad impairment, to measure how severe it is.



HAM-D and HAM-A: Rating scales for depression and anxiety. Scores above 9=pathology.
SAPS and SANS: For schizophrenia. Measure positive and negative symptoms, usually 
used in research to check drugs.
PANSS: Like SAPS and SANS, but more clinical, and for things other than schizophrenia 
also.

There are a lot of other rating sales. But we're not going to talk about them here.

How YOU diagnose disorders in your patient: How to do a psychiatric interview

Interviewing techniques

The interview's there so you can find a diagnosis, make a treatment plan, and leave a 
good record you can get to later. You'll do it kind of like a normal history, starting with 
identifying the patient, the chief complaint, the history of the present illness, that past 
psychiatric history, family, social, and general medical history, and then exams and a 
treatment plan. The exams are a little different from a normal doctor visit because you do 
mental status exam, general physical exam, and neurological exam.

For psychiatric exam, we need to specifically learn the mental status exam. The 
neurological exam we learned last year, and I'll fix it in the old book on pg. FIXAL. The 
mental status exam includes appearance and attitude, motor activity, calculations, the 
patient's knowledge of general information, thought/speech, the ability to read and write, 
their mood, their visuospatial ability, their perception, attention, orientation, abstraction, 
memory, judgement and insight. We've gotta establish a general order that we use 
consistently for all patients. I like:

Appearance/attitude
Thought/speech
Mood/Affect
Motor Activity
Orientation
Perception
Memory
Calculations/General Information/Ability to read and write/Memory can go close together
Visuospatial ability
Attention
Abstraction
Judgement and Insight

Perception is all of the patient's senses: like if they smell smoke in your office, or hear 
steps in the patio when there aren't any. Look for illusions (misinterpretation of real stuff, 
like if you think mangos falling on the patio are your arch enemy coming to get you, or vice
versa) and hallucinations (where you make up unreal stuff to perceive).

When you're looking for the thought process, look for different kinds of thinking, like 
tangential thinking (where the patient starts answering the question, but then takes the 
topic elsewhere and never comes back), circumstantial thinking (where the pt goes in a big
circle before answering the question), or like ideas of reference (where the pt thinks people
are talking to you from the TV the radio).

As orientation disappears, the pt loses time before they lose place, and then person.



Calculations usually means you ask the patient to subtract backwards, seven, from 100. 
They should be able to do at least five, but if they're not very well educated you can give 
them threes, and since some patients memorize the calculations you can try asking other 
ones, like about change at the grocery store.

Also, ability to read and write isn't a reading and writing quiz: it's to see if they've lost 
normal function. So if they never learned to read and write, then you're not going to mark 
them down because of that, while if you've got a PhD student who suddenly can't read “I 
see Tom,” you have a problem.

The visuospatial test is when you ask them to copy a figure you draw, usually a clock face 
with the hands set at a right time.

You can check attention by asking the patient to spell a word backwards—if they get 
distracted before they finish the word “world”, you know you've got a problem.

Abstraction is like the ability to understand that “a bird in the hand is worth two in the bush”
doesn't literally mean you want to go around grabbing birds from bushes. It's what Drax 
the Destroyer from Guardians of the Galaxy doesn't have. Usually pts with schizophrenia, 
autism, and mental retardation can't abstract.

Insight is how well a patient understands his or her own condition, and judgement is the 
choices he or she makes with that information. “If you're in a movie theatre, and you smell 
smoke, what do you do?” is a good judgement question. There's a different between social
and tested—social is when they tell you what they've been doing, and it relates to a social 
situation and shows bad judgement. There are several layers of insight related to disease: 
denial, slight awareness of the problem but denying it at the same time (I'm “kind of” an 
alcoholic, but it's not bad), awareness of sickness but blaming external factors (I only drink 
because my husband stresses me out), awareness of illness related to something inside (I 
drink because I have this memory I'm trying to get rid of), intellectual insight (pt is totally 
aware of the problem but doesn't have the emotional ability to “care” about it the same way
as someone in the next level), and true emotional insight (where the patient is going to do 
something about it or consider it because they actually feel they have a problem). 

Some tips:
• Remember the biopsychosocial model we talked about on pg. FIXAL last year, the 

integrative approach to whole patient care.
• One note: when you ask the patient to tell you about previous disorders and family 

history, be specific, and describe them--”does anyone in your family have a history 
of alcoholism” is nice and specific—because not everyone sees problems as 
problems. You also have to ask specific events. Here in Puerto Rico, says Dra. 
Santiago, no one has mental problems, apparently. Your patient will say “no-no-no” 
to all the questions about family members with depression, psychiatric problems, 
and so on, and then tell you their grandmother tried to kill herself. And you're 
like...”uh, that's a psychiatric problem.” Anyway, you have to ask very specific 
questions. Anyone kill themselves? Anyone try to kill someone else? You also have 
to know how to be very specific for pediatric interviews regarding sexual abuse. 
Here, says Dra. Santiago, the abuse rates are through the roof, and it runs in the 
family, so if there's an uncle who was sexually abusive, there's a likelihood one of 
the sons will be abusive, and it's important to try to identify and treat before that 



happens. Do a full pedigree.
• Note if the patient was brought in by someone else, or came in on his own.
• Social history might be way more involved here than in a typical doctor visit: you 

won't just ask if they currently have multiple partners, you'll ask what age they first 
had sex, and about family attitudes towards sex. You know how in the normal 
doctor's visit you kind of direct your interview around the chief complaint? The social
history questions you ask in the psychiatric interview will direct towards the chief 
complaint more so than in the general interview.

• Social history will also include prenatal and perinatal stuff, like how was the patient's
birth and so on.

• Unemployed patients: ask about past unemployment.
• In general medical history, you're looking for treatments they're on and things that 

might chemically affect their minds, and also past traumatic injuries or surgeries.
• Rapport is even more important in a psychiatric exam than it is in a normal doctor 

exam, because you're trying to get the patient to answer so many personal 
questions. Be really genuinely interested, and open and warm and nonjudgmental, 
and be that right away. Smile. The beginning part—the chief complaint—should be 
the longest, and you should let the patient talk with as little interruption as possible. 
It's less “question-based” than a normal doctor visit.

• Don't forget your differential diagnosis!
• Ask the patient to describe things—a lot of patients will only answer yes or no, or 

might wander when they answer.
• You're supposed to stop thumb-sucking at two years old. After that it's pathological. 

Ask about things like that in the past history, from 0-3 years of age all the way up to 
adulthood. Friendships as a pre-teen, illness as a toddler, all these things go into 
the history.

• Letting the patient talk is really good also for evaluating clarity of thought. It's not 
just about information gathered, but about seeing how they talk and that can help 
you make the differential diagnosis between dementia and depression, which 
sometimes present with similar stuff.

• What age do you start asking about sexual experiences? Even down to a four year 
old, you'll ask things like “has anyone ever touched your private parts and it made 
you uncomfortable,” says Dra. Santiago. Obviously you're not going to suddenly 
sex-educate a five year old, but you need to find out what's ever happened to them,
and you need to ask. If the answer's no, “good, that's good. Next question.” 

• When you ask about alcohol use, ask “how much alcohol do you drink?” Patients 
are actually more truthful if you do that, than if you ask if they drink or not. They 
read into the drink or not, and they answer based on what they think is better (not). 
Someone who doesn't drink will go ahead and answer that they don't anyway. 
Same with drugs—especially with teenagers.

• If the patient doesn't come in for suicidal thoughts, but you want to check for them, 
“have you ever felt life isn't worth living” is a really tactful way to ask. You can then 
go straight to “have you ever thought about taking your life.” We'll talk more about 
suicide later.

• You ask about sex life of married people, outside of marriage, because you need to 
know if they have HIV or syphilis, which can cause mental issues, and sometimes 
you may want to order tests.

• Ask about suicide before you ask about the reasons why. If someone says they 
want to disappear because they're having problems with school work, ask about the
wanting to disappear before you ask about problems at school, because that's an 
emergency.

• Let the patient ask questions at the end, and end with a sense of hope.



Signs and Symptoms You Might Look For 

We're going to go through these with each disease or disorder mentioned, of course, but 
we need to define the symptoms first.

Psychosis is a group of symptoms that you find in mental illnesses like schizophrenia or 
mania--”impaired reality testing” where you have trouble with the boundaries between real 
and imaginary. One of these symptoms is delusions. This is when you've got false beliefs 
that you can't explain within your culture or religion. These beliefs last a long time--”fixed 
false beliefs.” This is like thinking that doctors can read minds or something. A 
persecutory delusion is when you think everyone's out to get you. When you evaluate 
delusions, you need to see how much the patient doubts them, and if they're organized 
around one theme or not. You can't ask “do you have delusions” or “are you paranoid.” You
have to ask why they came in, and what's been happening in their lives, and what kinds of 
things they hear. Dra. Santiago talks about a woman who was psychotic and would throw 
things and yell in her room, and her sister had taken away her children because she was 
worried about their safety, and the patient believed that the sister and the Department of 
Family here in Puerto Rico was really taking the children away to sell them for sexual 
abuse. Dra. Santiago couldn't figure that out if she'd asked directly “are you delusional,” 
like one of the other people there did, because the woman believed that what she believed
was real. Also...Dra. Santiago had another patient who really was being followed by the 
Mafia to be killed. They hospitalized him for psychosis, and then they saw the news about 
him, and then it's like WELL CRAP. 0_o So...it's important to ask a lot of questions.

Another kind of delusion is delusions of jealousy, where the patient is sure their spouse 
or partner's having an affair. There are also delusions of sin or guilt where the patient is 
obsessed with something bad they've done in the past, even if it was something like 
stealing candy as a kid. You have to be careful with religious delusions because maybe 
the patient's cultural and religious background is different from yours; Dra. Santiago says 
you can ask permission of the patient (for HIPPA) to talk to their pastor or religious leader, 
and then you can check if the “delusions” are individual or something normal for that 
congregation. Sometimes religious delusions go with grandiose delusions where the 
patients will think they have special powers or abilities or they make up a whole new 
religious system about him or herself. Somatic delusions are when the pt believes weird 
things are happening to his or her body, like that something's rotting away or that they 
have metal implants in their heads, and they may also have hallucinations about it. 
Delusions of reference is when the patient thinks people are talking about him, or thinks 
the news is trying to send him special messages, and stuff like this. Delusions of 
passivity are when you think you're being controlled, and delusions of mind reading are
when you think people can read your mind. You can have the opposite, where you think 
your thoughts can be “broadcast aloud” so people can hear them, or where you think other
people have planted thoughts in your head, or taken them out.

Hallucinations are different from illusions. In illusions, you misinterpret something that's 
actually there. In hallucinations, your patient brings into his or her reality something that 
isn't there at all. These can be auditory, and sometimes they're just sounds and music and 
not voices, and that's less severe. Some people have voices commenting on everything 
they're doing, or two voices talking with each other. Hallucinations can also be tactile, 
where you feel actual things burning or itching you, even though there's nothing there. 
Olfactory and visual hallucinating can also happen. The commanding hallucinations are 
the most dangerous once, where the voices are giving instructions.



You also look for “disorganized behavior” and bizarre dress. What's that mean? Look for 
culture appropriateness, seasonal appropriateness, and time period appropriateness. Ask 
“has anyone made comments about the way you dress? What did they say?” Maybe your 
pt is dressed as Napoleon because he just got out of his historical reenactment class and 
didn't have time to change. Or maybe he thinks he's Napoleon. Ask about social and 
sexual behavior. “Have you done anything that others might call unusual, or that calls 
attention to yourself?” Ask about complaints and comments about their behavior. Pt might 
pee on the street or talk to strangers in the subway about his sex life. Peeing on the street 
might be normal if you're practicing in a country where plumbing isn't highly available (in 
some areas of Mauritania, for example). Ask if he's unpredictably aggressive or agitated—
if he's tried to harm animals or people—or just ask how he expresses anger. Stereotyped 
behavior is when your pt has these repeated actions or rituals he or she has to do, like 
putting on his clothes in a certain order every day or else, or write messages to himself 
over and over. Ask why the pt does this, more than anything.

Look at motor behavior. Does your pt have stupor? This is when he's not as reactive to 
the environment, and kind of all slow and stuff. Rigidity is when your pt is stiff. Waxy 
flexibility or catalepsy is when you put your pt's arm up in the air, and he keeps it there 
for fifteen seconds for no reason. Excitement is when your pt is moving for no reason but 
a LOT. Posturing is when your pt maybe sits down on his head on the exam chair, and 
mannerisms are where your pt is acting or throwing out strange movements, like maybe 
he swings his watch over and over and over again. They're stereotyped and repetitive.

Listen to HOW the patient talks. A positive formal thought disorder is when the patient 
can make words just fine, but they don't go together in a way that makes sense. Let the pt 
talk uninterrupted for five minutes. Does he derail? This is when his ideas slip to things 
that don't have to do with one another. You ask him if he enjoyed college and he starts 
talking about bleached hair. Each sentence doesn't quite have to do with the one before it. 
Tangentiality is when the answer is related to the question, but then it moves further and 
further away. You ask what college he goes to, and he starts talking about college but 
quickly ends up talking about the state of the University system in the USA, and never 
really answers the question. Incoherence or schizophasia is when all your words are 
jargony and mixed together—word salad. I ate tires for breakfast this cow, and I just 
figured I needed soap to fix it all. That is incoherence. Illogicality is when the pt makes 
logical leaps that kind of make sense but aren't actually logical. Like, because cats are 
cute, all things that are cute must be cats. Babies are actually, you see, spiritually cats. 
Circumstantiality is when you talk waaay around the question, with lots of extra details 
and stuff, but eventually get back to it. Pressure of speech is when your pt, kind of like in 
mania, just has to talk and you can't interrupt him and it's fast and loud and emphatic and 
you need to hear this. Distractible speech is when I'm telling you about these psychiatric 
things and then—whoa, hey, did you know my desktop is really pretty? Clanging is a 
really interesting one where the pt chooses words based on how they sound, not based on
what they mean. It's very punny, and random rhyming. With bad timing. It's a signing. 

Look at the content of your pt's speech. Alogia is when your thinking is slow or empty—
when you talk with empty speech (poverty of speech), very slowly and nonfluently or 
maybe just yes and no answers, lots of pauses and uncertainty. Alogia is also when you 
talk with lots of speech but the content is empty (poverty of content of speech). 
Blocking is when the pt loses his thought right in the middle of it. I was worried about 
writing this sentence, because 



Increased latency of response is when it takes a super-long time to respond. 
Perseveration is when your pt won't stop using this same idea or word over and over 
again. Like Iowa. He keeps saying Iowa. Everywhere.

Look at the affect. An inappropriate affect is when their emotions don't match their affect. 
The mood of a pt is like, “I feel sad.” The affect is when you see him frown. If he talks to 
you about his dead dad, and then starts to giggle, that's an inappropriate affect. A blunted 
or flat affect is when he talks to you about his dead dad without any facial expressions at 
all. A pt with a blunted affect might not make good eye contact or have any vocal 
inflections, and they might not move, shift position, or anything like that during the 
interview.

Some of the symptoms you're looking for will be present not just in the interview, but in the 
pt's everyday life. Avolition-apathy is when the patient just can't make herself do 
anything. She doesn't feel like going to school, she doesn't do her hair anymore, she sits in
her bed for hours without doing anything...and she's not sad or anything, she just doesn't 
care, or doesn't have the energy to do anything. Anhedonia-asociality is when your pt 
can't experience pleasure. She wants to, but nothing really makes her happy. She's not 
interested in her hobbies, in sex, in her relationships, nothing. You see how the two of 
these are different? Apathy is like she doesn't care; anhedonia is like she probably does 
care, but it just doesn't matter, nothing really makes her happy.

Starting on pg 37 of the Introductory Textbook of Psychiatry you can get more wordy 
summaries of all of these, but I tried to boil them down to once sentence for you, instead of
giving you three-paragraph explanations of each word. Make it easier. But if you like 
words, go get you some words.

Different Treatments You Might Use

end psychiatry

Kaplan chapter 35 and 36

Psychoanalysis is when you bring the patient's repressed memories and feelings to the 
surface by analyzing his or her words to get at his or her psyche. The problem with this 
method is it can be heavily influenced by counter-transference and interpretation, where 
you can put your feelings and attitudes into the patient's experiences, or they don't like you
and don't trust you because they are transferring their feelings and attitudes in the past 
onto you. Like maybe you look like their dad that they hate. You also can't use 
psychoanalysis on people who get easily frustrated, or who have poor impulse control, or 
who are anti-social, or who know you very well. 

One method of psychoanalysis is “free association,” where you get the pt to tell you 
everything that comes to her mind. The psychoanalyst then tries to see what's “really” 
bothering the patient deep down. 

Psychoanalytically-oriented psychotherapy is like psychoanalysis, but it's more “here and 
now” and more to deal with particular problem areas, and you may incorporate 
medications and stuff.

Relaxation in behavioral therapy to deal with fear—tensing and letting go all the different 
muscles, three times and then let go



Joseph Wolpe, systematic desensitization, using the imagination, flooding—getting the 
patient used to the stimulus they don't like, exposure
Using hypnosis and going back to a girl who had no fear of cockroaches until the brother 
threw the cockroach at the girl and it scared her when she was ten

Cognitive therapy Aaron Beck 
How you structure the world matters 
The scheme that you put the world in makes you think certain ways—so you see the 
USMLE as defining your life, and then you gt anxiety
I must have defiant-resistant disorder or whatever that is because he says USMLE and I'm
like “PSH doesn't bother me” and he says “name a fear” and I'm like “PSH I HAVE NONE”
So. Yeah.
You try to get aunomatic thoughts, cognitive distortions between external events and a 
person's emotional reactions, and you can test automatic thoughts by getting someone to 
reject inaccurate or to promote good automatic thoughts
Some cognitive 
Rational emotive behavioral therapy is replacing thoughts—you see dog, you think “this 
dog could bite me” and you get concern; you think “this dog is going to bite me” and you 
get fear, or you think “this dog is going to kills me” and you get extreme fear and anxiety. 
It's the thought that predicts your reaction.
Musturbatory thinking is not masturbatory it's when you're thinking of things that scare you 
over anda over again

Interpersonal therapy is three phases, gather psychiatric history, resolve problem area, get
patient to establish relationship and diminish social isolations, this is where you deal with 
people who have trouble integrating with other people

Dialectical behavior therapy to help epople with borderline personality disorder it's for 
reducing self-injurious behavior made up by Marsha Linehan it's a psychoeducational 
focus , interpsronal effectiveness, emotion regulation and distress tolerance

Supportive psychotherapy is focus on active help with dealing with a life crisis: advice, 
sympathy, support while reinforcing patient's strengths, effective grief reactions...
 i
BASIC by arnold lazarus is integrative psychotherapy that combines all those things, 
Behavioral, Affect, Somatic, Interpersonal, then C is cognitive, then ID is imagery and 
drugs

Structural family therapy: focusing on changin the family's structure, which is the 
transactional patterns or acitons between family members, looking at boundaries, 
alignment in aliances and colaitons with and against each other, and power/hierarchy.

Family psychoedutional threatment is with this idea that families can train themselves to 
have an environment that compensates for and deals with disaiblitiy in a member of a 
grouping

Coupples therapy: maladaptive interaction between two individuals in an affective 
relationship 

Personality Disorders

Trauma disorders 



medications include zolpidem for 5-10 mg for a few days, or a  brief course of 
benzodiazepine 

Does trauma come from problems in the hippocampal maybe

Prazosin (alpha 1 adrenergic antagonist) is effective in alleviating the intractable 
nightmares

Benzodiazepeines are always for short-term treatment, no more than 2 weeks, SSRIs are 
for long time
Because benzos are very powerful and can make you addicted fast!

Panic disorder requires SSRI

Beta-blocker given for the first month right after trauma may reduce later development of 
symptoms of PTSD
A lot of times you won't have symptoms until six months after your accident

Panick attacks is different than trastorno de panico because with transtorno you are more 
worried long-term about repetetion of the attacks

Substance Use Disorders 

Most people with this problem also have another disorder, so comorbidity is the rule, not 
the exception.

Alcohol use disorders are more common in men but the medical complications happen 
faster in women

Meds used for this include disulfiram or antabuse 
naltrexone or revia or vivitrol monthly depot which are easier to use

end psychiatry

Mood Disorders

FIXAL Block 2 starts here

Neurobiology/Genetics of Mood Disorders

Frontal cortex, cotnitive function and attention 
ventral hippocampus, cognitive function, memory
nucleus accumbens, reward and aversion
amygdala, responses to emotional stimuli
hypothalamus, sleep, appetite, energy, sex
ventral tegmental area, dopaminergic projections to other areas
dorsal raphe nuclei, serotonergic input to other areas
locus coeruleus noradrenergic input to other areas



All of these regulate mood somehow.

Some genetic basis or something,b ecause monozygotic twins get bipolar I 60-70 percent 
and major depressive 50 percent, compared to 20 percent in both classes for dizygotic 
twins. The rate's not 100 percent, so there's some environmental stimuli, but genetics 
matter.

Cromhosomes 18q and 22q are linked to bipolar, CREP1 locus (cAMP Response Element 
Binding protein on chromosome 1) is linked strongly to unipolar disorder.

Norepinephrine tells serotonin not to get releasesd. It breaks serotonin's alpha 2 receptors 
on axon terminals, and accelerates alpha 1s. Basically norep blinds to alpha 2 
heteroreceptors and turns them off from releasing more serotonin. 

Why depressed people are more vulnerable to feeling stressed and sad—they deplete NE 
faster because of AMPT
They also have reduced 5-HT reuptake

If your normal monoamines activity goes down, you might get depressed
But not all depressed patients present with the same stuff

Acetylcholine can reduce mania symptoms and exacertabe depression dymptoms 

GABA in CSF is reduced in depression (GAB inhibits ascending monoamine pathways)

Brain-derived neurotrophic factor 
SSRIs increase its expression by increasing its mRNA and that means more spines, and 
more surface contacts, and more neuron communication. Your neurons are lonely if you 
have depression, and they're not talking to each other.

Orbital prefrontal cortex and ventromedial prefrontal cortex 
The anterior cingulate is activated and activates the posterior cingulate, and a very 
activated anterior cingulate means depression (curing it activates posterior cingulate 
instead)?

Central medial prefrontal cortex and amygdala get deprssed mood without 5HT, NE, and 
dopamine 

Apathy/loss of interest is more in prefrontal cortex, hypothalamus, NE is lacking, and 
prefrontal cortex, hypothalamus, and nuclueus accumbens dopamine lacking 

Sleep distrubances come from missing 5HT in PFC, BF, hypothalamus, thalamus, same 
with NE and DA

Psychomotor agitation and retardation is 5HT missing in cerebellum, nucleus accumbens, 
PFC, DA and NE also missing but not from all these sections 

Fatigue: DA from PFC, S, NA
NE from PFC
Executive dysfunction 
NE and DA gone from …soem area of the brain beginning with D
Dorsal lateral prefrontal coetex



Suicidal ideation froms from VMPFC and orbital frontal corte and amygdala missing 5HT, 
same with guilt and worthlesness

Weight and appetited chagnes are 5HT missing from hypothalamus 

Elevated/expanisve mood, irritblbe mood, is too much increases in 5HT and NE and DA in 
VMPFC and PFC and amygdala 

Decreased need for sleep in Thalamus, hypothalamus, and basal forebrain too much 5HT, 
NE, and DA

Too uch 5HT, NE, and DA in grandiosity, risk taking, more tlakative pressured speech, 
flight of ideas, racing thoughts, delusions etc too much in VMPFC, OFC, NA, and DLPPC 
(prefrontal cortex dorsolateral prefrontal cortex and ventromedial prefornatl cortex) not too 
much NE in nucleus accumbens only too much DA and 5HT in nucleus accumbens 

Distractive ness is dorsal lateral prefronatl cortex too much NE and DA

You can actually see the resting activity low in these areas in the depressed patient
Manic patients don't activate their inhibitory orbiotfrontal circuits

Bipolar Disorder, What is it

50 percent of bipolar pt have one parent with mood disorder

if prnt hs BD, 25 chance child will, if both parents, 50 to 75 percent chance, adopted 
children do also have a higher rate if parents but not s much 
chromosome linkage to 9q, 10q, 14q, 18p-q, 8q 
also G72 (d amino-acid oxidase), BDNF (brain derived neurotrophic factor), NRG1 
(neuroregulin 1 gene), and DTNBP1 (dysbindin)

Think moodswings.
Episodic, nondeteriorating, not like schizophrenia.
Pt complains about insomnia, fatigue, or unexplained pain.
Bipolar disorder is the world's sixth most disabling illness. 

The bipolar disorders are bipolar I and II, cyclothymic disorder, substance-induced bipolar, 
bipolar due to some other medical condition, unspecified and other specified bipolar 
disorder. Those last two categories are for people who don't fit the other diagnoses.

Bipolar folks have both manic and depressive episodes, which could be close together or 
separated by months to years. The person usually functions just fine between episodes, 
but those episodes affect their relationships and work.

What's a manic episode? When they've got really elevated, or happy mood, or a really 
expansive, or grandiose, lavish mood, or a really irritable mood that lasts most days for at 
least a week, with increased goal-directed activity or energy...It's not bad to be happy, 
obviously, so there are at least three of these symptoms, too: 

• They think they don't need sleep (feel rested after three hours)
• Have a really high self-esteem
• Can't stop talking 



• Have racing thoughts
• Get really distractible
• Become either really goal-directed, or full of psychomotor agitation, which is when 

you have pacing and purposeless frustration and wringing your hands and messing 
with your tongue and so on

• Become more impulsive around things that could have “painful consequences”
The episode has to actually interfere with social functioning, and it can't be because of a 
drug or another medical condition (then you'd classify it differently).
Have to have four if mood is expansive or irrtable, three if increased activity and energy 
and so on

Maybe be kind of delusional (wanting to achieve things they actually don't plan to 
complete?) It's hard to know about the things that you can't change.

Substances that can cuase mania episodes 
bromocriptine 
amphetaimenes (cocaine etc)
captopril and hydralazine 
cyclosporine 
disulfiram (to help stop drinking)
isoniazid (tb)
antidepressants

medical disorders that cause mania 

cerebral infections 
cardiovascular and cerebrovascular problems 
Cushing's cortisol probs

Mixed states are dangerous 

Hypomania means you've got a milder and shorter mania episode, one without delusional 
beliefs, and one that doesn't stop you from working or dealing with people. It can give you 
problems in work, but it won't keep you totally from working. Hypomania happens in bipolar
II. Bipolar II means you've never had mania, only hypomania, and depression.

Cyclothymic disorder is when you've got the mildest form of bipolar disorder. If bipolar II is 
bipolar I with less mania, cyclothymic disorder is bipolar II with less depression. Again, 
bipolar II will have the same sad depression, with five symptoms persisting for two weeks, 
but cyclothymic disorder will not. You have to have two years of consistent hypomania and 
depressive symptoms, with no more than two months without symptoms. These are very 
efficient people during their hypomania, but they stress other people out.

What if you haven't been in cyclothymic disorder for two years, but you fit all the criteria? 
Then you get the “other specified bipolar and related disorder” diagnosis. If you don't fit all 
the symptoms, but you do have the time behind you, you get “unspecified bipolar and 
related disorder.”

Problem of diagnostic kid with bipolar disorders when they don't have them. So instead 
disruptive mood dysregulation disorder for kids. Diagnosis is sever recurrent temper 
outbursts grossly out of prpoptional, inconsistent with developmetal level, like a two year 
old can get mad for a longer time than an older kid, these occur 3 or more times a week, 



and between the tantrums they are always irritable or angry and stuff. These kids—
especially teens—don't actually have manic episodes, and they're more likely to have 
oppositional defiant disorder, so it's actually likely they're misdiagnosed bipolar when that's
not actually chemically what they've got at all. Diagnosis is from age 6 to 18. Rule out 
autistim spectrum disorder from symptoms (earlier onset) and early onset of antisocial 
personality disorder (not diagnosed under age 18). 12 or more months of tantrums 3 or 
more times a week.

Bipolar Disorder, Mood stabilizers

drugs drugs drugs
suggest some not-drugs

Vitamin B12 deficiency 
High protein, low-carb diet says Dr. El Mallakh of University of Louisville School of 
Medicine, 2001
Seaweed is lithium
2011 study, Dr. Peter Solk of Utretch University Netherlands: daily aspirin 
Oily fish
Leafy Greens
Vitamin C: broccoli, citris fruit, strawberries, 1981 vanadium: possible aetiological factor in 
manic depressive illness 
Fish: omega-3 fatty acids

Depressive Disorders, What Is It

Depression's 10.3 percent of all costs of biomed illnesses worldwide. 

More common in women than men, 20-30 percent in first degree relatives

People will have physical symptoms and most pt with depression will actually go to doctor 
with those physical symptoms. GI problems, problems sleeping or tiredness and sleeping 
too much, chest pain, etc etc. Headaches, body pain, etc.

Substances that can cause depression
Clonidine, digitalis, propranolol, alcohol, benzodiazepines, barbiturates, stimulants 
(emphetamine, cocaine in withdrawal), steroids like oral contraceptives or prednisone, 
analgesics like opiates, antineoplastic, antipsychotic
Difference between medication-induced depressive disorder and someone who is using 
medication to self-medicate, and soemtimes the person will say they're self-treating but 
actually they're making themselves sick (the depression doesn't pre-date the medicines)

Depressive disorders, Anti-depressants 

drugs drugs drugs 

How to increase serotonin in human brain without drugs 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2077351/
Self-induced changes in mood by increasing blood flow, meditation increases release of 
dopamine, self-induced mood-changes



Exposure to bright light
Exercise yuck
Eatin tryptophan might make you anti-depressed...but not in foods. Turkey will not make 
you happy. Neither will bananas. They don't cross blood brain barrier.
Alpha-Lactalbumin can improve mood, it is in milk
Free tryptophan you can uptake, protein-bound you can't, so you take chickpeas because 
they have higher tryptopthan. Corn with higher tryptophan?
So conclusion, try meditating, sitting under a bright light, and drinking milk
Chikpeas UofLP&UofN, Spain 2009 chickpeas
University of California-San Francisco, 2009: olive oil gives omega 3s to raise mood

How about more dopamine?
Look for more research on “your brain on porn”
More porn=destroying your dopamine receptors and make androgen receptors less 
sensitive to testosterone
Eat more L-tyrosine: raw meats, poultry, lima beans, fish, raw dairy, best is raw chocolate 
More antioxidants 
Laughing
Exercise
Sleeping—but some sleep deprivation skyrockets dopamine production
Winning makes you have more dopamine, so win more things.

Other treatments: ECT treatment 

Anxiety disorders

Genetics and neuroscience 

Psychological frontal lobe test is matching, where you match set of cards to target card, 
and you're only told if you're right or wrong, you don't actually know which card matches to 
which. The rules can change so you are testing strategic planning, organized searching, 
utilizing environmentl feedback to shitft cognitive sets, modulating impulsive response 

Continuous performance test is any serious of tests given in continuoation that measure 
selective attention or sustained selective attention 

Very useful because you can measure a bunch of things, vigilance, impulsivity, sustained 
attention 

Tower of london. Limited number of moves, but you stack ball-things until you get to your 
goal. They show you a stack and you have to stack like that, but you have to use a limited 
number of moves.

The core limbic groups include the amygdala, insula, and things like the periaqueductal 
grey and stuff. They help register emotional stimuli and initiate species specific behavior.

Anteiror cingulate makes you aware of your anxiety

Ventromedial prefrontal cortex gives you contextual regulation of the anxious emotion. Am 
I gonna run? Am I gonna freeze? What I'm gonna do?



Basal ganglia nucleus accumbens very involved in the anxiety 
Nucleus accumbens is seeking, addictive stuff
You liberate dopamine here in your bsal ganglia
Basal ganglia is about your will, and if you have lots and lots of dopamine receptors 
Lentiform lesions cause stereotyped activities—purporseless movement 
When you give repeated psychostimulant you see stereotyped behavior with their head 
Motivation goes into basal ganglia 

I like this ppt, make sure you go over both of the genetics and neuroscience ppts because 
they're the best

Serotonin reduction--> depression 
Serotonin too much--> aggressive behavior, impulsviity, obsessive-compulsive behavior 
and suicide 
SSRIs are sometimes used to treat anxiety

Teas can help with relaxation from anxiety (University of Nagoya, Japan, 2007)

Anxiety in primates is passed on through hippocampus (shows metabolic activity there)

BDNF where you substittue Met instead of Valine on position 66 it's associated with higher 
cortisol, anxiety, and alcohol in healthy adults 
Leiden University psychoneuroendocrinollogy (2011)36

Kids who've been burned it's like 60 or 80 percent who develop PTSD in a year (she can't 
remember if it was 60 or 80)
Some genetes TPH1, TPH2, and 5HTTLPR may give you a predisposition to developing 
PTSD

OCD

Trauma

Separation anxiety 

Selective Mutism

Specific phobia 

Social anxiety

Panic disorder 

Agoraphobia

Generalized anxiety

Trauma and Stressor Related Disorders 

Substance Disorders 



Diagnosis 

Clinical management
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