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Abstract 

 
While originally intended to be a full textbook including all organ systems, 
we ultimately decided on focusing on the respiratory, cardiovascular, and 

immune systems. We took a unique approach to writing a high school level 
anatomy and physiology textbook by focusing on rare/complex diseases and 

using those diseases as a mode to communicate basic concepts of 
physiology. The name “Think Zebras Not Horses” comes from the phrase 

“When you hear hoofbeats think horses not zebras” which is medical slang 
instructing students and residents to focus on the obvious and likely 

diagnosis rather than a complex and unlikely one. Oftentimes, students are 
more inclined to learn about the complex and rare diseases, as it provides a 

sense of strong learning- in that, the uniqueness of a lesson or topic 
ultimately results in students becoming more immersed in the material. The 
goal of this book is not to teach how to diagnose or treat such rare diseases, 

but rather the rare diseases are used as a doorway to understand these 
three organ systems by relating dysfunction and abnormalities to the 

normal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Respiratory System 
While the cardiovascular, respiratory and immune system are all their own individual and highly 
complex systems, we will group them together to keep things fairly simple, and since they 
integrate with each other seamlessly. The respiratory systems main purpose is to oxygenate 
blood, while also removing carbon dioxide from the blood stream. Not only does this allow for 
tissues throughout the body to have access to oxygen, it also maintains the pH of the 
bloodstream (which we will discuss later). For this, we will also review how a red blood cell 
works. The cardiovascular system is what supplies the entire body with blood. For this, we will 
go over the four chambers of the heart, how the heart pumps, and how blood travels from the 
heart to the lungs and ultimately throughout the body. The immune system is a highly complex 
system that is comprised of white blood cells, and other various specialized molecules and 
biological signaling cascades (kinin cascade, complement system, coagulation pathway etc…). 
We will not go over any of the signaling cascades in detail but will briefly touch upon the 
complement system and the concept of coagulation. The immune systems serves as a military 
for our body, defending it from any invaders. Like any military, there are branches to the 
immune system, each with slightly different functions. 
 
The respiratory system is composed of: 

 



One may imagine the inside of a lung to be fairly hollow, but it is quite complex. To name off 
structures, we will start with the largest: The trachea. The as the trachea goes down, it splits into 
two parts. Where is splits is known as the carina, and it splits into two primary bronchi. 
Secondary bronchi begin when the bronchi split even further, and ultimately, this leads to 
bronchioles which are often less than a millimeter in diameter. After this, terminal bronchioles 
connect to alveoli, which are air filled sacks where oxygen and carbon dioxide exchange occurs. 

 



These incredibly small sacs seen at the end of terminal bronchi contain two cell types within 
them. One of which is responsible for the actual exchange of oxygen and carbon dioxide (as 
shown below). The other cell type present here is crucial for repair. Since these air sacs are so 
small and delicate, they have a tendency to collapse in on themselves. To prevent this, the 
second cell type present secrets a substance known as surfactant, a thick liquid that aids in 
keeping these air sacs open. Collapsed alveoli can be seen most commonly in the newborn in a 
condition known as atelectasis. There are a number of reasons that can cause this, with the 
most prevalent being underdeveloped lungs that do not secrete an appropriate level of 
surfactant. The treatment for this is surfactant given through intubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 



Cystic Fibrosis in the Respiratory System 
 
Cystic fibrosis is a genetic and fatal disorder of a specialized protein channel found within the 
bronchi (and also in other various parts of the body). This dysfunctional channel protein results 
in thick mucus buildup, which ultimately makes it significantly harder to breathe, induces a 
chronic cough, and also creates an optimal environment for bacteria to grow in. Frequent 
bacterial infections seen in patients suffering from cystic fibrosis include but are not limited to 
pneumonia, something not commonly seen in healthy individuals. Unfortunately, due to the 
complexity, and there being over 2,000 mutations, treatment is largely supportive care. Patients 
typically have a significantly shorter lifespan of approximately 30 years on average. Before you 
start worrying if you have it, an important note is that it is often diagnosed in very early life 
(around the age of 2) and also have a plethora of other effects on the body past respiratory 
congestion. 
 
To understand why our body would even have a function to secrete mucous into the bronchi, we 
need to take a closer look at the cell type present. 

 
 



 
This is one of four epithelial cell types in the body. Not only is this long cell with cilia on it found 
in the respiratory system, but it is also found in the intestinal tract, and is used for nutrient 
absorption, but we’ll cross that bridge when we get there. This cell type in this application is 
used for a process known as mucocilliary clearance- the process by which mucous traps 
particulate matter, and in some cases bacteria and viruses, and the cilia move that mucous up 
to the larynx/pharynx region so we can cough it up. Mucous creates the medium to trap such 
particles, and the cilia provide the ability to move that mucous up.  
 
In Cystic fibrosis, with thickened mucous, the cilia are unable to move, thus allowing mucous to 
continue building up, and the bacteria to colonize. Thus, we can truly see the importance of 
these cell types and their cilia.  
 
Similarly, smoking- with continual damage to these cells, they eventually die off, and 
unfortunately, the body will not replace them with ciliated tall cells, but rather thin flat cells 
known as simple squamous epithelia leading to chronic obstructive pulmonary disorder (COPD) 
or smokers cough. This process Is known as cellular metaplasia- a non-cancerous change in 
cell type. What cells look like after metaplasia is shown below. Referring back to cystic fibrosis 
and the buildup of mucous it is fairly obvious why this can become a problem. However, it is 
important to note that this condition past the inability to clear mucous in the bronchi is not similar 
to cystic fibrosis.  

 
 
 
 
Cardiovascular and Immune System 
Bringing our attention back to alveoli, recall that the thin tissue present in these air filled sacs 
allows for diffusion of oxygen and carbon dioxide molecules. But once they diffuse to the other 
side of the alveoli, where do they go? Very small blood vessels- this is where the vascular 
system comes into play. A complex series of various arteries and veins carry blood from the 
heart, to the lungs, back to the heart, and out to the body. Rinse and repeat. To start, we will go 
over the types of arteries and veins present in the body, and what makes them different from 
each other. 
 
 
 



 
 
 
The basic three types of arteries and their corresponding vein type are shown in the table below 
from largest diameter to smallest: 
 
Arterial supply Venus supply 
Large (elastic) artery Large vein 
Medium artery Medium vein 
Arteriole Venule 

 
The arterial supply and venous supply are connected to each other by extremely small vessels 
known as capillaries. These vessels are so small in diameter, they often only allow for red blood 
cells to travel in a single file line as depicted below.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



These are the vessels that allow for exchange of oxygen, and other nutrients found in the 
components of blood which we will discuss shortly. The thin walls of the capillary allow for 
oxygen within red blood cells to easily exit the vessel, and enter into cells, as well as take up 
carbon dioxide from these cells. Between arterioles and venules, there are dense networks of 
capillaries known as capillary beds. This is how a sufficient amount of oxygen and nutrients and 
be continuously delivered to various tissues around the body. 
 

 
 
 
 
To understand the differences of each blood vessel type, we must first review the differences in 
veins and arteries as shown below. 
 
Arteries Veins 
Carry blood away from the heart Carry blood towards the heart 
Larger muscular layer Thinner muscular layer 
Smaller outer layer  Larger outer layer 
Smaller diameter Larger diameter 
Thicker overall Thinner overall 

 



 
 
 
 
 
 
 
 
We will start with the largest artery in your body: the aorta. This is the giant vessel leaving your 
heart to supply blood to the whole body (there are also small branches coming off the aorta to 
supply blood to the heart itself). It is also known as a large elastic artery due to specialized 
tissues present allowing for these elastic properties. This is crucial due to how the heart pumps- 
sending large amounts of fluid at once through it. Elastic properties prevent the aorta from being 
damaged, and upon resetting, also pushes blood forward.  
 
Next in the vascular system is medium arteries- essentially a smaller version of large elastic 
arteries. However, these lack high abundance of elastic tissue, and thus do not expand and 
contract as much larger arteries can. 
 



Arterioles are very small arteries that go on to form a dense network of capillaries known as a 
capillary bed. Arterioles are often so small and thin; it is easy to confuse them for veins. 
 
After capillaries, we have venules and medium veins. Both can be found next to their 
corresponding arteries when looking at a microscopic slide (picture of medium artery + vein 
slide). Medium veins in particular are easy to distinguish because of their extremely thin walls 
and their collapsed appearance, as opposed to arteries which largely appear as circular. Due to 
low pressure, veins also are unable to push blood back to the heart and must utilize a different 
strategy as shown below.  
 

 
The largest veins in the body are not known as elastic veins, as there is no purpose for elasticity 
due to low pressure, rather they are simply known as large veins. What makes these different 
from arteries is that a vast majority of the muscle is located within the outermost layer, rather 
than the middle layer. Furthermore, the direction of the muscle, instead of wrapping around the 
vessel, runs in a parallel direction to it. Examples of large muscular veins include the inferior 
(lower) vena cava, which is the large vein entering the right atrium of the heart and brings in 
deoxygenated from everybody region (except for the arms) below the heart. Conversely, the 
superior (higher/upper) vena cava brings in deoxygenated blood to the right atrium from all 
regions above the heart, and the arms. 
 



Now that you have a general understanding of how various types of blood vessels differ 
throughout the body, it is time to move on to understanding the heart itself. We now know that 
blood from the superior and inferior vena cava is dumped into the right atrium, but what does 
that mean? And why is it going here? 
 
The heart is composed of 4 chambers, composed of cardiac muscle, each of which has a 
particular function: 

- Right atrium: Receives deoxygenated blood from the inferior and superior vena cava. 
- Right ventricle: Receives deoxygenated blood from the atrium and pumps it out to the 

pulmonary arteries in order to send it to the lungs oxygenate blood. 
- Left atrium: Receives oxygenated blood from the pulmonary arteries. 
- Left ventricle: Receives oxygenated blood from the right atrium and pumps blood 

through the aorta to be delivered to the whole body. 

 
You may have noticed a pattern here where the atrium is a receiver of blood and ventricles send 
out blood. Looking at a heart, this makes sense, as the regions of the heart sending blood 
outwards have to be larger and more muscular to provide the pumping force required. An 
interesting note on that topic is that the left ventricle is the largest of the four chambers but 
having it too large can cause some strange defects that are seen at birth. 
 
As shown below, hypoplastic left heart syndrome is a rare and complex birth defect which 
causes the left ventricle to be composed of excessive amounts of muscle, thus leading to very 
small pocket left for blood to enter and be pumped out. Furthermore, upon contraction, the 
ventricle is releasing only small amounts of blood. The aorta develops according to the pressure 



from ventricular contraction and ends up being extremely thin in diameter.

 
 
 
 
 
 
 
 
 
 
 
 
 
 



So now you might wonder: what causes the heart to contract so rhythmically? This is the job of 
purkinje fibers. These are specialized cells found between cardiac muscle cells that can conduct 
electricity. These electrical impulses are generated at the sinoatrial (SA) node, also known as 
the natural pacemaker of the heart, and conducted to the ventricles by to the Atrioventricular 
(AV) node and carried out of the Purkinje fibers by the Bundle of His. However, it is extremely 
important to note that purkinje fibers do not determine heart rate, but rather only conduct 
electrical signals from the SA node to allow for ventricular contraction.  

 
 
 
Heart rate is determined by the SA node, which receives information from the sympathetic and 
parasympathetic nervous system. as you may remember from the nervous system, the 
sympathetic nervous system would likely cause heart rate to increase and parasympathetic 
would cause heart rate to decrease. 
 
 
 
 



It is very clear that the heart is an incredibly complex organ with several possible places for 
things to go wrong. Several issues can arise when there are issues in the electrical system 
including tachycardia (increased heart rate), bradycardia (decreased heart rate), and several 
other problems. One such condition, which is present from birth is Wolff Parkinson White 
Syndrome. This strange disease is the result of having an extra electrical pathway within the 
heart off the left bundle branch from the Bundle of His. 
 

 
 
 
 
 
 
 
 
 
 



Typically, patients with this do not experience any symptoms. However, during exercise or 
strenuous work, patients can feel dizziness, syncope (fainting), etc…, often due to increased 
atrial contraction speed, while maintaining regular ventricular contraction speed (known as 
supraventricular tachycardia or SVT). While rarely fatal, there have been some cases leading to 
cardiac arrest or heart attacks, which is the complete stop of all electrical activity in the heart, 
thus resulting in no blood being pumped through the body. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The heart pumps blood to the lungs to oxygenate it, and then that blood returns to the heart and 
is pumped throughout the body. But what exactly is blood? When you get your blood drawn at 
the doctor’s office, the sample they initially obtain is known as a whole blood sample. The 
components are then separated by a method known as centrifugation, creating 3 visible layers 
as shown below  

It is interesting to note that only approximately 45% of whole blood contains erythrocytes (red 
blood cells), and only 1% are leukocytes (white blood cells) and platelets.  
 
 
 
 
 
 



The immune system is divided into two major categories: The adaptive immune system is 
comprised of B cells and T cells (lymphocytes) and allows our immune system to have 
“memory” of a previous infection and allows us to be better prepared to fight off a future 
infection. The innate immune system has no memory and is composed of 4 cell types which 
each have their own unique characteristics and abilities during infections, but cannot target very 
specific bacteria, virus, or parasite types.

 



The adaptive immune system creates memory via memory B cells. These cells, when they bind 
to a bacteria or virus can make note of a specific pattern on the surface and essentially 
“remember” the pathogen if it re-enters the body. B cells, once they bind antigen (protein marker 
on pathogens surface) can also begin to release specialized proteins known as 
immunoglobulins (antibodies). While understanding the function and types of immunoglobulins 
present throughout the body is beyond the scope of this book, it is important to know that they 
are present.  
 
For anyone’s interest, shown below are the 5 types of immunoglobulins which are 
secreted by plasma cells (B cells).

 
 
It is important to note, in order to activate the memory within B cells, and to allow B cells to 
properly secrete immunoglobulins, they must be activated by T cells. T cells come in several 
types as well, most of which are outside the scope of the class. T cells mainly serve to ensure 
that there are no pathogens infecting the cells, as well as ensuring cells are not creating random 
non-functional proteins, which is often seen in cancer. T cells which check our own cells to 
ensure they are non-cancerous or aren’t infected are known as cytotoxic T cells. T cells that 
check for pathogens outside of cells are known as helper T cells. 



 
 
While diving deeper into concepts of the immune system is exiting, it can quickly become 
confusing and overwhelming as there is a lot of information known, and even more information 
that is unknown. One thing, despite the complexity is the extreme importance of T cells. No 
adaptive immune response is possible without the presence of these cells. This is demonstrated 
in HIV/AIDS where a patient’s T cells are destroyed, thus leaving a patient severely 
immunocompromised and unable to create targeted immune responses against infections.  
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