
Trust Me, I'm a Doctor: A Comment on
How Much You Know About Your Body

Item Type text; Electronic Thesis

Authors Edelman-Vogelsang, Kimberly Elizabeth

Citation Edelman-Vogelsang, Kimberly Elizabeth. (2012). Trust Me, I'm
a Doctor: A Comment on How Much You Know About Your Body
(Bachelor's thesis, University of Arizona, Tucson, USA).

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:30:09

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/243937

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/243937


J 


TRUST ME, I'M A DOCTOR: A COMMENT ON HOW MUCH YOU KNOW 


ABOUT YOUR BODY 


By 


KIMBERLY ELIZABETH EDELMAN-VOGELSANG 


A Thesis Submitted to the Honors College 


In Partial Fulfillment of the Bachelors degree 


With Honors in 


Physiology 


THE UNIVERSITY OF ARIZONA 

MAY 2012 

Approved by: 

Lc- v 2c-~( l__ 

Or. Lucinda Rankin 

Department of Physiology 



J 


STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of requirements for a degree at The 
University of Arizona and is deposited in the University Library to be made available to 
borrowers under rules of the Library. 

Signed: -, ? t 
17/ 



Abstract:  “Trust me, I’m a doctor”: a social comment on what you really 

know about your body 

 The human body is a fascinatingly complex system of organs that work together 

in unison to create the functioning healthy human body with which we each are 

intimately familiar. To understand just a small specialized section of the body, some 

people seek out years of higher education in the form of an MD or PHD. Unfortunately 

the common person may never be exposed to even a fraction of that knowledge, leading 

to considerable misconceptions about physiology and health. Art is catchy medium that 

can encourage interest in physiology and medicine for the passerby more so than any 

textbook or college lecture could impart. My project involves developing a series of 

illustrative paintings highlighting each issue and pairing these with complementary 

essays detailing the basic science needed to understand the issue.  Overall, my thesis will 

hopefully leave the viewer better informed about their body and share my own love of 

physiology and medicine with others.  
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“Trust me, I’m a Doctor” 
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Part I 

“Trust me, I’m a doctor.” 

What does that phrase mean to you? For many, we see doctors for our yearly 

physical but most often we make appointments to see them when we’re sick with an 

illness that impacts our daily lives. These individuals in white coats are highly educated 

and we seek answers from them for our health problems. Some view them as the 

dispenser of the cure-all pill or vaccine, but as a society we need them to treat us for 

medical problems we couldn’t otherwise diagnose without years of training.  As patients, 

we place a tremendous trust in our doctors to diagnose us with the correct problem and 

prescribe the best possible treatment. As patients we can do considerable research into a 

certain symptom or disease; however, doctors are extensively trained in specialized areas 

and we come to rely on them and their medical opinion. So this brings me to the question 

‘what does it take to become a doctor?’ 

Becoming a doctor is not just a job but a lifelong commitment. In my pursuit of 

becoming a doctor, I have spent quite a bit of time shadowing a heart surgeon.  One 

particular morning when I met her in the daily patient conference, I could tell that she had 

a little less bounce in her step and didn’t carry her usual smile. It soon came out that she 

had been up all night: first with a heart transplant until two in the morning, and then the 

rest of the night in the ER with her own sick 4 year old son who had come down with 

pneumonia. On top of everything, she was looking at a full day of surgery and potentially 

another heart transplant beginning in the late evening. While this might be one of the 

more hectic days in a doctor’s life, they happen frequently enough.  A doctor’s plans 

outside of the hospital can get delayed: caring for a critically ill patient can result in 

missing your kid’s Saturday morning soccer game or appearance in the school play.  A 

key component to becoming a doctor is recognizing the commitment it takes to be an 

effective and successful doctor.   

Preparing to become a doctor requires a minimum of 10 years of higher 

education, but can be as long as 15 years:  including a bachelor’s degree from a 

University (3-4 years), medical school (4 years) and a minimum of 3 years of residency.  

Entrance into medical school requires a year of college physics, general chemistry, 
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organic chemistry and biology, a relatively strong GPA, and a solid score on the Medical 

College Admissions Test or MCAT. Medical school admissions committees search for 

young adults who are aware and willing to make the commitment a doctor needs to make 

to their patients, often looking for extracurricular activities like volunteering in a hospital 

and community outreach.  Once the prerequisites are met, the process of applying is 

lengthy and costly. And hopefully in the end, you’ll hear the good news: You’re In! 

Once in medical school the four years are split into two broad categories: 

classroom learning and clinical rotations.  The first two years are primarily in the 

classroom, learning the complex scientific details of how the body works and the process 

of applying these as a doctor. The second two years are devoted to gaining hands-on 

experience. Clinical rotations through family practice, obstetrics/gynecology, surgery, 

internal medicine, pediatrics, neurology and psychiatry are standard for most medical 

schools. The fourth year is more focused on rotating in the areas that you are interested in 

specializing in as a physician. This year is also dedicated to applying and interviewing for 

a residency position.  Throughout your medical education there are board exams to 

document your understanding of the essential material.  The USMLE or United States 

Medical Licensing Examination is a 3-part test medical student and interns take to 

demonstrate their proficiency in general medicine.  All of this training and examination 

culminates in Match Day, a day in spring where all medical students across the US find 

out which specialty and where they will be practicing medicine as a resident.  

 The final step in this extensive training is residency, lasting a minimum of three 

years and up to seven years for more intensive surgical residencies. The fabled intern is 

the first year of a residency and probably the most feared by medical students. During 

this time, while you might have an MD after your name, you have relatively little 

experience in the actual “practice” of medicine.  As such, interns are closely supervised 

by senior residents and experienced doctors as they begin taking responsibility for the 

care of patients whose health hangs in a precarious balance. During this phase, residents 

work up to 80 hours a week, often taking night-time call 2-3 times per week, working 

long but experience-filled shifts.  

While residents do get paid on average  $43,266 a year, this income appears 

nominal in the eyes of many when they are facing very large student loans, on average 
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$139,000 to enable their attendance in medical school.1 And this may reach up to $200-

300,000 if added to that needed to support their undergraduate college education.  When 

you think about it, working roughly 80 hours a week, 48 weeks of the year for $43,266 a 

year equates to ~$11 dollars an hour.1  But in the end, after these 3-7 years of intensive 

and grueling training, culminating in a final board certification exam, you will become a 

doctor, licensed to practice medicine in American society. 

For many, this extensive investment of time, money and training to become a 

doctor is worth it. The majority of people admitted to medical school graduate, with 

nearly 80% of medical students graduating in four years and 91% by their fifth year. 2 

The current medical system in the US is relatively effective at diagnosing people 

correctly, illustrating that the years of education and training are effective in preparing 

new physicians. Even though the misdiagnosis rate is low, it still hovers around 5-15% 

depending on the specialty, and of that 5-15%, 7-15% of misdiagnosis result in an 

adverse event. 3 While you should still trust your doctor to tackle your medical issues, 

each person has a responsibility for their own health care as well.  

 

Part II. Being a Smart Patient 

One evening over dinner, a family friend was telling us about her latest 

adventures, including an emergency trip to the hospital. It began one evening with a bout 

of almost unbearable acid reflux.  After being admitted to the hospital and having a series 

of tests done, she was informed that she had a grapefruit size ovarian mass that needed to 

be removed immediately. By the end of her stay, she ended up having a full 

hysterectomy. While this was quite unexpected, she laments that her acid reflux is still 

causing her problems and ended with the comment “I went in to the hospital for acid 

reflux and ended up with a hysterectomy.”  Sometimes unexpected symptoms can 

manifest for certain diseases such as acid reflux and indigestion for reproductive 

problems or even a heart attack in women. While having acid reflux periodically 

shouldn’t be cause for alarm, it’s probably good to bring it up at your next doctor’s 

appointment. 

 Despite the extensive training, the diagnosis process is not perfect.   Doctors are 

people too, reliant on their memory to recall the most complicated Latin medical terms, 
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the appropriate pharmaceuticals and treatments paired  along with certain diseases.  

While many elevate doctors to a god-like status, capable of diagnosing the most evasive 

of diseases, there is still a significant role for you as a patient. You can ensure the best 

treatment and diagnosis for yourself by realizing that you have the responsibility to be not 

only a good patient, but also a smart one.  All of the following steps will help you play an 

active role in your own health. 4 

 Get a good primary care physician (PCP): This doctor is your home-base when it 

comes to medical care. While you might need to see specialists for certain needs, 

your PCP is usually helpful for referrals when problems arise. Your overall care is 

ultimately of the responsibility of your PCP.  As such they should be apprised of 

any medical tests or treatments done by specialists.  

 You can get a second opinion: Making medical decisions or an operation can be a 

serious decision. It’s perfectly fine to get a second doctor’s opinion on the 

treatment or diagnosis. If you’re worried about your primary doctor feeling 

offended by your decision, you simply need to remember that it is your health, not 

theirs. And most of the time, they will appreciate the confirmation of their 

diagnosis.  

 What if I don’t like my doctor?: Get a different one! If you feel uncomfortable or 

if your doctor isn’t meeting your needs, then you can find another doctor. Often 

times you can try another doctor in that same practice but it is important that you 

have a good patient-doctor relationship. Sharing very personal or even 

embarrassing issues with your doctor is important. You need to feel comfortable 

and confident in doing so. 

 Write down your questions: When you visit a doctor, often times questions that 

you might have thought of could have slipped your mind during those precious 

minutes you spend with your doctor. Bring a pen and paper and write them down 

before, during and after your appointment! 

 Be honest: Your doctor isn’t there to judge you. Withholding information on bad 

habits (smoking, eating) can work against you in the long run. While doctors will 

advise against certain behaviors, they have your best interest at heart. By knowing 
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your complete history, doctors can best diagnose abnormalities and set you up 

with the best treatments available.  

 Be prepared: Bring along a list of current medications that you’re taking and the 

dosing (You can bring along the actual medications in a plastic or paper bag) and 

come prepared with questions! 

  Know your numbers: Knowing simple things like your usual blood pressure, 

white blood cell count, heart rate, cholesterol and triglycerides can contribute 

greatly to maintaining long-term health. While certain deviations in your usual 

numbers might be happenstance and nothing to be concerned about, sometimes it 

can indicate the beginning of a potential problem. If you’re diabetic, know your 

blood sugar levels (keeping a daily log is best).  If you have heart problems (like 

congestive heart failure) know your weight and blood pressure. 

 Lastly, keep track of test results: Remember that MRI your neurologist ordered a 

month ago? Did you obtain a copy and provide the diagnostic results to your 

primary care physician? By having a copy of test and imaging results, you can 

save time by eliminating follow-up appointments for the test results you didn’t 

have on hand at the time.  Most imaging facilities allow you to not only forward 

the results to the prescribing doctor but also to your primary care physician.  

While doctors have undergone years of educating and training to diagnose and help 

patients come to the right prognosis, it remains a two way street. To a certain extent, 

patients need to trust that their doctor does know what they are doing but patients can 

also safeguard themselves against receiving a misdiagnosis. Following the 

recommendation above is a good start to developing a strong patient-doctor relationship. 

A last bit of advice: if as a patient you end up with a misdiagnosis, it is your job to give 

feedback on the problem.  Often times doctors can correct the diagnosis when symptoms 

become more pronounced and eventually remedy the problem. If doctors never receive 

feedback because the patient declines to inform them or never returns to the doctor, many 

assume that “no news is good news”.  Overall, you should indeed ‘trust the doctor’ but 

not blindly; you too have a significant role in achieving and maintaining your good 

health. 
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Do you Only Use 10% of your Brain? 
 

9 
 



 

Part I 

 How many times have you heard that you only use ten percent of your brain?  

Once?  Twice?  Many times?  What was your initial reaction?  Disbelief.?  Or maybe you 

thought it sounded crazy enough to be right. Plus it is the brain…. Even the most 

knowledgeable neurologists and neuroscientists can’t explain half of what’s going on, let 

alone how our consciousness is connected to the physical body. In this essay, I will 

explore the history of the 10% myth, whether or not the myth is true and why it continues 

to proliferate in modern society. The second section of this essay will provide a brief 

overview of neurophysiology (i.e., how the nervous system works) and why techniques 

such as MRIs and PET scans are useful in discovering how the brain works. 

 In the early 1900s, a physician by the name of William James developed an 

interest in the human mind at a time when psychology was emerging as a scientific 

discipline. As a pioneer in modern psychology, James is largely credited with 

perpetuating the ten percent myth. He wrote in his 1908 book, The Energies of Men, “We 

are making use of only a small part of our possible mental and physical resources” 1 and 

thus, this concept of ‘not reaching our full mental potential’ began to emerge. It was an 

easy explanation for people with extraordinary mental capacity and extrasensory 

perception, and was not easily disproved, as we are just now beginning to understand the 

brain. 

 In the 1920s and 30s, the psychologist Karl Lashley, began investigating neural 

function in animals to help provide an insight into how the human brain works. Lashley 

removed large areas of the cerebral cortex (the outermost area of the cerebrum where 

substantial integration of neural function occurs) and then tested the animals to see if they 

could still relearn specific tasks.  Amazingly, these rats were able to relearn the tasks, 

such as finding their way through a maze. Lashley also discovered that while the amount 

of cortical tissue removed correlated with the rats’ abilities to acquire and retain 

knowledge, the location of the tissue removed did not appear to affect the rats’ 

performance in the maze.  This led to his hypothesis that memories must be distributed 

throughout the cortex, not localized to specific areas. 2 The image of nearly brainless rats 
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running in mazes certainly conjures up the question, “How much of our brains are we 

really using?” 

 It is easy to see how people began believing that significant portions of their brain 

might be deemed “unused”.  But wouldn’t modern discoveries in science eventually 

prevail, and the public become informed? While research in the area of neuroscience has 

made tremendous progress in determining how the brain does work, the influence of the 

media is continues to perpetuate the ten percent myth. Albert Einstein, a Nobel Prize 

winner for his contributions in theoretical physics, was quoted by a news reporter that his 

brilliance was because he used more than ten percent of his brain. Although he popular 

skeptic, Barry Beyerstein, and many others debate whether or not this statement was ever 

said by Einstein3  many people continue to quote it frequently in popular culture. 

In the 1970s, a psychic by the name of Uri Gellar gained worldwide attention for 

his spoon bending tricks and other psychic feats. His tricks were convincing enough for 

two Stanford scientists to believe, allowing Gellar to become a widely publicized 

phenomenon even though his powers were eventually proved a sleight of hand.4,5 During 

his time in the limelight, Uri published a book saying that ‘we only use ten percent of our 

brains, which means we have 90 percent left that is full of untapped potential and 

abilities. This could potentially mean that our brains are operating in an extremely limited 

way.’  This opened the door to a possible explanation for the ability of the mind to see 

into the future and other psychic feats: that is, they were merely able to use more of their 

untapped mental potential. Certainly many psychics and self improvement gurus and 

instructional classes in the 1980’s and 1990’s capitalized on this myth. Even in year 

2011, popular movies like Limitless with Bradley Cooper use the myth as a plot device. 

The story revolves around a drug that allows the main character to use 100 percent of his 

mind. Throughout the movie, we see Cooper’s character become a wildly successful 

novelist, stock investor and then politician after taking the drug.6 Whether or not the truth 

has been brought to light, the ten percent myth remains good material for stories and fairy 

tales, and is likely not to fade from the popular media any time soon. 

 Where does the case against the ten percent myth begin? The first doubts begin 

with the study of brain damaged patients, i.e., following a stroke or traumatic brain 

injury. In almost all cases, patients who have had a stroke have some immediately 
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noticeable if not long lasting symptoms. Often times a stroke can affect a small part of 

the brain, but the residual effects on a person can be detrimental. Another example is 

anencephalic children. These are infants born without a forebrain and cerebrum (for 

thinking and coordinating) but with a rudimentary brain stem which allows them to 

breath and respond reflexively to sound and touch.7 Sometimes these children can survive 

for a short period of time after birth but will never gain consciousness since the majority 

of their brain is missing.  

Despite Lashley’s earlier experiments that showed that the location of the cortex 

cut out did not have an impact on relearning tasks, the brain is actually highly organized, 

with areas having specialized functions, and is not a homogenous unit. Localization of 

brain functions began with famous scientists such as Penfield who developed the concept 

of the homunculus and specialized areas of the cortex during surgeries to identify 

potential treatment sites for epileptic seizures.8  The homunculus is a map of the brain 

receiving sensory information representing the relative sensitivity of each body part.  

Similarly in the late nineteenth century, Broca and Wernicke identified particular areas 

related to the process of speech. The part of the brain now referred to as Wernicke’s area 

involves understanding written and spoken speech, while Broca’s area involves speech 

production.  Strokes in Broca’s or Wernicke’s area cause impairments in speech 

production and/or comprehension in patients, respectively.  To the point here, one can 

have defects in one or the other: able to understand language but not be able to speak or 

be able to speak but not say anything logical.  

Consider the case of individuals that undergo hemispherectomies or the surgical 

removal of half of the cerebral cortex? This procedure is only done in the most severe 

cases of epilepsy and seizure disorders. Similar to Lashley’s experiments in rats, people 

can also relearn certain tasks after having a hemispherectomy. The stipulation of the 

surgery is that they are usually done in extremely young patients, under two years of age. 

All cases exhibit partial paralysis of the body on the opposite side of the hemisphere 

removed9. This paralysis can be reversed in small children, since the brain is much more 

plastic, meaning the neurons can rewire themselves.9  Follow up case reports on the 

hemispherectomies by Smith and Sugar, demonstrated a patient who had completed 

college and even scored higher than average on intelligence tests.10 
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  Historically neurologists were able to infer the ‘normal function’ of brain regions 

by observing symptoms or impairments following strokes or traumatic injuries.  

However, more recently, there are many tests that can be performed on the healthy intact 

brain to assess the activity of the many areas of the brain. The team on the TV show 

Mythbusters, put the ten percent myth to test by using a Magnetic Encephalogram 

(MEG).  This brain-activity mapping device measures the magnetic fields due to 

electrical currents in the brain. To test the limits of brain activity and engage many 

different areas of the brain, they came up with a series of tests that included word-image 

associations, math problems and memory drills. Using the MEG, they were able to show 

about 35% of the brain “working” at once.  Barry Beyerstein, a professor of 

neuropsychology and a skeptic of paranormal activity and medical miracles, cites similar 

results on PET (Positron-Emission Tomography) scans. Similar behavior tasks were 

utilized, showing that there is little dormancy (or silence) in vast regions of the brain.3 

Functional Magnetic Resonance Imaging, or fMRI, is another such imaging technique 

that can assess brain activity. It is clear from these various studies that, while we do not 

utilize 100% of our brain, we are using much more than ten percent. It is akin to using 

your muscles: you never actually use 100% of your muscles at once performing various 

tasks, but rather utilize specific parts in a very task-specific manner. 

 Beyerstein also raises several fundamental ideas that challenge the practicality of 

the ten percent myth. First, while the brain only makes up five percent of our body 

volume, why does it use twenty percent of our whole body’s oxygen and glucose stores? 

Evolutionarily, if we used so little of our brain, why would it make sense to devote so 

many precious resources to keeping it alive? 

So why does this myth continue to persist even though there is a fair amount of 

scientific evidence against it? Popular media, like movies, TV shows and the news is 

partly to blame for the myth’s persistence.  Stories and plots lines can easily justify extra-

human powers with the myth and keep viewers happy. Others who aren’t jumping to 

dispel the myth quite yet argue that the ten percent figure isn’t just looking at neural 

volume, but rather underutilized storage capacity or failure to reach peak processing 

speed or maximal neuronal interconnectivity. 3 These ideas cannot be proven or 

disproven because science has not uncovered the brain’s inner workings yet. Scientists 
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can only hypothesize how our consciousness is connected to our physical being and the 

mass we call our brain.  Therefore at the present, there really is no way to determine the 

theoretical limits to a person’s mental achievement. Despite this, research suggests that 

the lack of storage capacity isn’t what hinders performance, but that it might arise from 

the difficulty in retrieving what we’ve stored in our brains. Therefore maybe 

understanding how our brain retrieves and processes memories would be a better path of 

inquiry and lead us to a more functional answer. 

 

Part II 

What is our brain made of, this grey matter so famously responsible for the 

functioning of almost everything in our body? While a good brain mold, some peach-

flavored jello and evaporated milk can mimic the brain well enough to fool kids and 

some adults, the brain is actually composed of two major cell types: neurons and 

neuroglia. Neurons are the cells that we first think of when considering the nervous 

system; numbering around one hundred billion, they are the ones responsible for relaying 

messages throughout the body via both chemical and electrical means. Each neuron, 

when stimulated, is capable of producing an electrical signal that is transmitted along the 

axon. Once the electrical signal reaches the end of the neuron, it is converted into a 

chemical signal. This chemical signal then travels from one neuron to the next neuron or 

to the effector organ utilizing a substance called a neurotransmitter. Dopamine and 

norepinephrine are some common neurotransmitters found throughout the nervous 

system. The image below shows a neuron. The segmented green part is the axon which 

transmits the electrical signal to other neurons or cells. The zoomed image showing the 

pre-synaptic and post-synaptic terminals illustrates how chemical signals travel from one 

neuron to the other. 
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11 

The second category of brain cells are neuroglia, or glial cells for short, based on 

the Greek word for ‘glue’. These cells are much more than just the glue the hold neurons 

in place; also estimated to be numbering around 100 billion, they are critical in 

supporting both the integrity and the function of the neurons. Glial cells do everything 

from insulating neurons to supplying nutrients, removing excess neurotransmitters and 

maintaining appropriate ion concentrations, defending against invading bacteria and 

enabling the production of cerebrospinal fluid. While the complete function of glial cells 

is not fully understood, several different classes of neuroglia cells can be identified. 

 

Astrocytes: These star-shaped cells regulate nutrient and ion concentrations within the 

central nervous system (CNS) as well as regulation of blood flow into and out of the CNS 

as part of the blood brain barrier. Astrocytes are also responsible for the uptake and 

recycling  of neurotransmitters.12 The image below illustrates an astrocyte (in green) 

surrounding and supporting the blue neuron. 
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Ependymal cells: These cells create cerebrospinal fluid and facilitate its circulation 

throughout the CNS .12 

 

Oligodendrocytes and Schwann cells: These cells are responsible for creating a fatty or 

lipid based coat around the axons of neurons in the central and peripheral nervous 

systems, respectively.  This wrapping is called the myelin sheath and  provides insulation 

for neurons, helping to insure that the electrical signals reach their destinations 

unchanged.12 In the image below, the yellow-orange part wrapped around the blue neuron 

is a Schwann cell insulating the axon of a peripheral neuron. 
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The numbers and diverse activity of these cells make the brain high maintenance 

in terms of energy requirements. Glucose (a simple sugar) is the primary fuel source for 

the brain, and providing it at appropriate levels is a top priority for all the other 

physiological systems in the body.  Constant blood glucose levels are critical for the brain 

because neurons and glial cells themselves cannot store large amounts of energy. The 

brain typically uses 20% of the body’s oxygen supply. Even when you’re sleeping, the 

metabolic demands of both glia and neurons are high as they work to keep the ion 

gradients required for transmitting electrical signals. This is why diabetes can be so 

dangerous in situations where too much insulin is taken and hypoglycemia occurs. While 

insulin is not required for glucose entrance into neurons, it is necessary for glucose to be 

transported into most of the body’s other cells. Following a sudden increase in insulin, 

glucose moves into the body cells, resulting in a rapid drop in blood sugar. The resulting 

hypoglycemia, causes the brain to lose its primary  energy source and can potentially 

result in  seizures or even coma.11 When it comes to brain function, and as we’ll see 

below, understanding what is going on, glucose is king. 
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 Now that we have a basic outline of what neurons and glial cells do, let’s consider 

several imaging techniques that have been utilized to disprove the ten percent myth. As 

mentioned above, neurons rely on a constant blood supply of glucose to support their 

activity. Numerous scanning techniques take advantage of this scientific fact, based on 

the premise that active parts of the brain need more resources like glucose and oxygen. 

Say you are tapping your finger. The relevant portion of the motor cortex which controls 

movement of the fingers will be more active, requiring more resources to fuel those 

specific neurons than the rest of the brain. PET scans, or Positron Emission Tomography, 

use an analog of glucose with a radioactive tag injected into the patient’s blood. (An 

analog is a molecule that looks similar enough to glucose that the body’s cells will 

actually transport it into the cells as if it were the real thing).  Since more glucose is taken 

up into active parts of the brain than the inactive parts, there will be higher concentrations 

of radioactivity in certain areas than others.12 The radioisotopes, the molecules emitting 

radioactivity, are designed to decay very quickly within the time allotted for the scan. 

When the molecules decay, they emit tiny particles of light called photons. The patient is 

placed inside a donut shaped structure called a scintillator. It is the scintillator’s job to 

capture these photons in order to create a picture of localized areas of radioactivity.13 

Over time, the amount of radioactivity can be measured in various parts of the brain, 

allowing us to correlate a specific activity to a particular region of the brain.12  PET 

scans, while extremely useful in testing brain activity, can also be useful in identifying 

cancers, coronary artery disease and Alzheimer’s. While relatively safe, PET scans do 

involve a very small amount of radioactive material, exposing one to radiation exposure 

comparable to that from a typical x-ray. The image below is a colored coded PET scan. 

The white and orange parts of image indicate where the radioactive glucose analog is 

most concentrated, hence the active parts of the brain. 
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The second type of scan is called fMRI, or Functional Magnetic Resonance 

Imaging. This imaging technique also helps determine the relative activity in the brain. 

While PET scans use a radioactive glucose analog to create an image, the fMRI relies on 

the preexisting properties of the blood. Instead of measuring glucose, this scan measures 

the changes in blood flow related to neural activity of the brain or spinal cord. This 

theory is called BOLD or Blood Oxygenation Level Dependent signal.15 In your red 

blood cells, small proteins that contain iron called hemoglobin (heme ‘iron’) bind to 

oxygen in your lungs and carry it to the rest of your body. The metallic iron attached to 

hemoglobin changes its metallic properties depending on whether or not it is bound to 

oxygen. The fMRI scanner can detect these changes. As certain parts of our brain 

becomes more active, oxygenated blood flow increases to those areas. Utilizing these 

biochemical principles, an image of the brain can be constructed showing us where high 

and low activity occurs. While this is similar in principal to the PET scan, this technique 

relies on normal biochemistry instead of use of injected radioisotopes, minimizing the 

exposure to radioactive materials.  The image below is a functional MRI image. The 

colored areas illustrate activity levels corresponding to the color code on the right. Each 

image is a small ‘electronic slice’ of the brain starting from the top, moving downward 

with each progressive slice. 
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Both of these techniques have allowed scientists and doctors alike to not just 

disprove the 10% theory, but also to increase their overall understanding of neural 

function. Alzheimer’s, Parkinson’s, ADHD, Schizophrenia and depression are just a few 

of the many brain related disorders that scientists are trying to understand by observing 

the associated changes in brain activity utilizing these medical imaging techniques. While 

PET Scans and MRI have only been available since the late 20th century, they have 

greatly helped doctors in diagnosing problems and reducing the amount of invasive 

procedures performed.  

 

Conclusion: 

Based on the above, hopefully it is now apparent that the “10% myth” is just that: 

a myth.  However, the fact that it remains an anecdote in today’s modern culture 

demonstrates a great deal about society’s beliefs and understanding of science. At the 

same time, it also illustrates how science evolves. Much like people thinking the earth 

was flat, science goes through many stages; often times theories thought to be the most 

concrete, well-seated ideas end up being proved wrong or incomplete. While this might 

seem frustrating to a lay-person, science and medical discoveries have come a long way 

in improving our society from the stethoscope in the doctor’s office to the very complex 

computers and iPhones we use today. 
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Healthcare Cuts: A Heart Transplant vs. Diabetes 

Case #1: Heart Transplant 
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Case #2: Diabetes 
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Cuts to health care are an incredibly hot topic not just in today’s political sphere 

but in the lives of individuals who may be uninsured or at risk of losing their insurance. 

The rising costs of healthcare contribute to the rise in premiums, and an ever-increasing 

population of middle class individuals are walking around without health insurance. 

While many try to maintain a healthy lifestyle,  avoiding  the consequences of poor 

health, accidents and un-anticipated health problems often land even the heartiest of 

individuals in the hospital when  least expected.  Whether or not one agrees with Obama-

care or Romney-care, health care is an issue that needs to be addressed because it is 

slowly draining our country of money and resources. Plus our overall health profile is 

declining despite this outflow of finances. 

Here we will take a look at two very different cases; each arises from different 

circumstances, but both are costly to our medical system. 

Case 1:  

 A 42 year old woman diagnosed last year with breast cancer underwent 

chemotherapy treatment with doxorubicin (an anthracycline). Four months after the last 

chemo treatment, the patient was admitted to the hospital with symptomatic heart failure. 

Her symptoms included severe dyspnea (shortness of breath), anasarca (edema or 

swelling of the extremities) and she was dependent on supplemental oxygen. 5 While her 

acute decompensation was treated and she was later discharged from the hospital, her 

heart remains compromised from the chemotherapy treatment. She continues to exhibit 

class II heart failure where she has a slight limitation in the amount of physical activity, 

resulting in fatigue, palpitations and shortness of breath.  

 

 What is heart failure? Heart failure is the heart’s inability to keep up with the 

metabolic demands of the body.   Heart failure develops in many patients after a heart 

attack (myocardial infarction) where much of the heart muscle has died, as complications 

of coronary artery disease or high blood pressure. These causes are often the 

consequences of less than healthy lifestyles and diet.  However, a good number of 

patients can also develop heart failure as a result of congenital malformations 

(irregularities in the heart that have been there since birth), common viruses and 

chemotherapy treatments. About 5.8 million Americans are living with heart failure , 
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with about one in five people of those that are diagnosed with heart failure dying within 

the year.6  While the incidence of heart failure induced by chemotherapy treatment is 

relatively low, many doctors are beginning to document  that up to 65% of cancer 

patients suffer some type of change in heart contractility even at low doses of these drug 

treatments up to fifteen years later.7 Roughly 7% of high dose chemotherapy (550 mg/m2 

doxorubicin) patients who receive the maximum cumulative dose will suffer from 

congestive heart failure after treatment. 7 

 Chemotherapy drugs are both a blessing and a curse. While they can cure cancer 

by eradicating cancerous tumor cells, they can also damage healthy tissues in the process. 

Chemo drugs target rapidly dividing cells within the body, such as cancerous tumors, and 

kill them. Other rapidly dividing cells in the body such as hair follicles, hemopoetic tissue 

or blood producing tissue in the bone marrow, and the constantly replaced lining of your 

digestive track are affected. Common side effects of these treatments, such as hair loss, 

vomiting, nauseas and immunosupression (susceptibility to getting sick) are all related to 

your body’s cells being temporarily compromised. Thankfully while still incredibly 

unpleasant, these side effects are reversible.  

Cardiotoxicity is the death or damage to the cells that comprise the heart. While 

this is not a common side effect to chemotherapy, it is still a risk for certain treatments. 

Anthracyclines, a specific class of chemo drugs, are particularly notorious for causing 

cardiotoxicity causing a buildup of metabolic by-products and free radicals in cardiac 

cells, leading to their dysfunction or death.7 This can affect the heart in one of two ways: 

through the contractile component of the heart (cardiac myocytes) or the electrical or 

nervous component (pacemaker cells). Cardiac myocytes are responsible for force 

production in the heart, squeezing in on the blood to force it throughout the vascular 

system. Similar to the damage during a heart attack when the cells are deprived of 

oxygen, these weakened cells lose their ability to contract, making the heart unable to 

pump enough blood to the rest of the body.  

The second group, i.e., the conduction system and pacemaker cells, make up a 

small but critical portion of the heart. One of the unique characteristics of the heart is 

what is referred to as auto-rhythmicity: that is, the heart is able to beat on its own without 

any stimulation from the nervous system. The pacemaker cells have an intrinsic rate at 
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which they send electrical signals down a conduction path in the heart to signal a 

coordinated contraction of the heart. This signal starts in the SA node at the top of the 

heart, traveling through the atrium, through the AV node and finally to the ventricles via 

the Purkinje fibers.  

 

8 

 

Cardiotoxicity can affect not just the heart’s ability to contract, but can also 

present as irregularities in the electrical conduction system of the pacemaker cells are 

affected. An ECG (aka EKG) measure the changes in electrical activity of the heart, and 

cardiotoxicity can first be identified by an irregular ECG. Enough damage to this 

conduction system causes the heart pacing to become irregular, manifesting ultimately as 

irregular heartbeats and arrhythmias. This can be extremely dangerous and can cause 

sudden cardiac death. While for a time this can be correct by drugs, pacemakers and 

defibrillators, this can usually indicate an underlying problem with the heart.9   

 Unfortunately, unlike the kidneys, each person has only one heart, leading to 

significant problems if the heart you have isn’t working correctly. Thankfully, in the case 

of a few special patients a heart transplant can be the appropriate answer.  Exactly like it 

sounds, a heart transplant includes taking out the old heart and replacing it with a newer, 

healthier one. While the donor heart comes from another person who has passed away 
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(often due to traumatic or accidental causes) it is a chance to give another person a 

second chance at life. Beyond the financial issues, the medical cost of the transplant is a 

lifetime of taking immunosuppressive drugs, which can cause many complications and 

infections. With the right amount of proactive supervision and luck, transplant patients 

can return to living a productive lifestyle. Two such people, Kyle Garrett and Derek 

Fitzgerald, both underwent chemotherapy treatments for cancer and walked away cured, 

but subsequently developed  heart failure.10 After receiving heart transplants, Garrett 

went on to compete in several iron man level triathlons and Fitzgerald became an 

Olympic level triathlon.  

 

Case 2: 

 A 59 year old woman with Type II Diabetes admits that she is not always careful 

to check her blood sugar on a regular basis. She has a family history of diabetes with an 

immediate sibling and parent both with Type II Diabetes.  While her diet is not poor, she 

comments that she indulges in sweets. Her chief complaint is the formation and 

persistence of an ulcer on her right foot that is inhibiting her mobility and daily tasks. 

She denies the feeling of numbness or tingling in her feet, but upon examination, it is 

found that she cannot feel the Semmes-Weinstein monofilament (a test assessing 

extremity sensitivity). The woman states that she is worried about her foot becoming 

infected since it appears to be healing slowly.11 

  

 What is diabetes? First, there are several forms of diabetes that are categorized 

under the term Diabetes Mellitus (DM). The three types of DM are DM Type I, DM Type 

II and gestational diabetes. Gestational diabetes is brought on by pregnancy and a 

decrease in insulin secretion, usually resolving after pregnancy. DM Type I is caused by 

an autoimmune response that destroys the insulin producing beta cells in the pancreas. 

DM Type II is caused by decreased insulin sensitivity in the cells of the body 

(particularly muscle and liver), followed initially by hyper-insulin production and 

subsequent decline in insulin production.  

In both forms of diabetes, dysfunction of the pancreas is key. Beta cells in the 

pancreas release insulin based on the amount of glucose in the blood. Specifically after 

eating when digested food is absorbed into the blood vessels surrounding the intestines, 
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glucose levels tend to be high. The beta cells in the pancreas react to this and begin to 

release insulin.  Insulin enables the many different cells of the body, particular muscle 

and liver, to transport glucose into the cells and either use it or store it. Without insulin, 

the body cannot adequately utilize or store this newly consumed energy. 

12 

 

Type I Diabetes, or juvenile diabetes, is generally caused by an autoimmune 

response that destroys the beta cells in the pancreas.  Unfortunately, type I Diabetes is not 

something that can be protected against and the patient is fully dependent on insulin 

injections to help regulate their body’s sugar levels. Without this, the body cannot store 

energy for use later, and the body can easily become over burdened with glucose in the 

blood stream. While type I Diabetes is not preventable, it only accounts for 5-10% of the 

diagnosed diabetes cases presently in America.13 

 The other 90% of Diabetic’s cases are Type II progressing much slower than 

Type I. 13 Family history (genetics), age, obesity and physical inactivity contribute to an 

individual developing type II Diabetes.  In contrast to Type I, Type II Diabetes is caused 

by desensitization to insulin. Eating sugary foods causes the blood glucose levels to soar 
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and the body to rapidly release large amounts of insulin. The body can only take so much 

insulin stimulation before it begins to elicit a diminished response to insulin. This 

condition is considered pre-diabetic and is reversible with life-style modifications. This 

can be detected by a simple oral glucose test which measures the levels of sugar still 

remaining in the blood after certain periods of time. A greater level of glucose remaining 

in the blood is an indication that the body might be losing its sensitivity to insulin. If this 

lifestyle continues unabated, the pancreas will begin to tire from being in insulin-

production overdrive. The beta cells slowly begin to shut down and decrease their 

production of insulin. Once this occurs, type II Diabetics need insulin supplementation, 

since their diabetes can no longer be managed through medications, diet or exercise. 

 The impact of Type II DM is more than just the dysregulation of glucose levels in 

the body.  Glucose levels tend to disrupt the homeostasis (equilibrium) of the body, 

causing the tiniest blood vessels that supply nerves to become stressed and damaged, 

usually resulting in their closure or destruction. Over time, a critical number of these 

small blood vessels are no longer able to provide blood flow, causing subsequent death of 

the nerves as well due to the inadequate oxygen and fuel supply. This results in an overall 

loss of feeling in the extremities of diabetic patients. Foot ulcers and cuts on the hands 

and feet are no longer be felt or sensed in Type II DM patients.  A further complication of 

the compromised blood supply to the extremities is that diabetics tend to have a slower 

healing time, with open wounds being more vulnerable to infection. The reduced 

sensation of pain can then prevent seeking medical treatment for the ‘undetected’ 

wounds. Diabetic Neuropathy is one of the greatest sources of morbidity and mortality, 

with more than 60 % of non-traumatic lower-limb amputations occurring in diabetic 

individuals.13 

 

Conclusion: 

After reading these two cases, consider the medical costs related to each problem. 

A heart transplant costs about $787,000, including the evaluation, procurement 

(retrieving the donor heart, usually from another location), 180 days of post-op hospital 

time, medications for a year and the multiple doctors’ time. Roughly 2,000 patients in the 

US receive a heart transplant each year.6 On the other hand, being diabetic costs a person 
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2.3 times as much in medical bills over a lifetime compared to a non-diabetic individual.  

About 8.3% (25.8 million) of the total US population has some form of diabetes.13 That’s 

about $174 billion dollars of health care costs including both direct medical costs as well 

as indirect costs such as disability, work loss and premature mortality. 13 One of the 

principal determining factors of diabetes is obesity, sedentary lifestyle and eating habits. 

The frightening fact is more than one third of US adults are considered obese, not just 

overweight.14 This makes one out of every three Americans more likely to be at risk for 

developing diabetes.  

 Looking at the paragraph above, we can see that healthcare is incredibly 

expensive. Certain individual procedures can cost hundreds of thousands of dollars, more 

than most people think about paying for a house. These huge bills, if not footed by an 

insurance company, often go unpaid for various reasons and are starting to take a toll on 

the country. While helping every individual with their medical problems is ideal, it is a 

tremendous financial burden that is taking more and more away from our country’s 

financial resources. Health insurance is expensive, becoming less available due to the 

recent economic downturn, increase in unemployment and a decreased ability for 

employers to offer health insurance. Medicare and Medicaid for low income homes and 

the elderly has been suffering from repeated cuts and tightening of their budgets. 

Arizona’s Medicare program has come under scrutiny for their cuts. AHCCCS (Arizona 

Health Care Cost Containment System or “Access”) has really slimmed down its budget, 

keeping in-patient hospital stays to under 25 days each year and allowing little wiggle 

room for people truly in need of healthcare.15  

An essential problem is that there is a desire only to look for the fast solution, to 

slap a Band-Aid on the larger problem at hand. Prevention is key. While many health 

problems are really due to a series of unforeseen, unanticipated health issues like cancer, 

genetic-related problems, accidents and contagious diseases, there is a considerable 

number of people with diseases that are non-communicable and preventable. While 

treating diabetes is good, there is a better way; not to develop diabetes in the first place. 

One of the underlying themes in almost every health problem is something that 

increasingly becoming a HUGE problem: obesity.  With more than one third of adults in 

the US categorized as obese (a BMI over 30), diabetes is just going to become ever more 
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common.14 And it is something that is preventable or at least well managed.  While your 

genes can certainly dictate whether or not you will look like a supermodel, almost 

everyone can control what foods they put in their body and how much exercise they get.  

Unfortunately our country is also moving in a direction that is not conducive to being a fit 

and healthy nation. Kids in schools are often served highly processed, frozen and 

packaged foods, have access to soda and candy machines and are facing less recess time 

or opportunities to participate in PE classes. With the economic downturn, parents might 

have to pick up an extra job or work more hours, allowing less time for homemade meals 

or family sit down dinners,  encouraging fast food and takeout.  Less money means less 

opportunity to buy healthy foods and a bigger reliance on cheap, fast, and processed food. 

Many kids spend more time indoors attached to video games and TV due to the intrigue 

of electronic toys and the fact that  parents are often too busy to supervise their children 

while they play outside.  A combination of all of these issues is leading the US towards 

an obesity epidemic. While many of these changes can be costly to implement, 

inconvenient and downright impossible, these are things I believe we as a country and 

our government needs to think about. 

 Bringing back the two cases addressed at the beginning of the paper, think about 

how each case is caused, how it can be prevented and whether or not you would give this 

person the money they need for the procedures and care needed to live. What if you could 

only choose one person, which person would you choose to help out? Our country and 

local governments face this question on a regular basis.  
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