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Abstract
The effects of chronic stress on the heart are well-documented. From increased blood
pressure to increased risk of heart attack, patients are encouraged to minimize stress as
much as possible to maintain a healthy heart. However, how is the heart affected when it
endures an acute stress event? A relatively new area of research, acute stress events can
cause Broken Heart Syndrome (BHS) AKA Takotsubo Cardiomyopathy. This is
characterized by hypercontraction of the left ventricle, yielding symptoms similar to a
heart attack. BHS can affect a range of people, but women experiencing menopause are at
high risk. This paper provides an extensive review of the anatomy and physiology of the
cardiovascular system and its components, the connection between the mind and the
body, the physiologic stress response, the pathophysiology of BHS, and options for
treatment as well as prevention. The paper also calls for more research in the area and
asks questions to address in the future.
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Dedication
I would like to dedicate my thesis to my parents, who taught me the value of an education
and to live a curious life, always.
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Anatomy of the Heart
The circulatory system is comprised of three components: the heart, the blood vessels,
and the blood (Cohen, 2017). This system works to deliver oxygenated blood to the
systemic circulation (tissues) and deoxygenated blood to the pulmonary circulation
(lungs). This transport of blood is important in shuttling oxygen and nutrients to cells for
essential metabolic events such as aerobic respiration. This is the process that yields
ATP, the energy source for all cells to do cell work.

The heart has four chambers: the right atrium, the left atrium, the right ventricle, and the
left ventricle (Cohen, 2017). The left ventricle has more muscle mass compared to the
right ventricle because the left side of the heart transports blood to the systemic
circulation. Tissues from the toes to the brain need oxygen, so the left ventricle is more
muscular to account for the amount of force needed to get blood to every inch of the
body. There are 4 heart valves to prevent backflow of blood within the heart (Figure 1).
The tricuspid valve separates the right atrium and right ventricle, the mitral valve
separates the left atrium and left ventricle, and the semilunar valves (pulmonary and
aortic) separate the ventricles and the major arteries (Cohen, 2017).
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Figure 1: Cross section of the heart.

Autorhythmicity
The heart is a muscle made of many fibers responsible for contracting in unison an
average of 70 times per minute, which calculates to over 115,000 beats per day. Gap
junction, desmosomes, found within intercalated disks all enable the heart to beat as a
functional syncytium (Cohen, 2017). Electrical signals flow through “pacemaker cells” to
make the heart beat to allow for proper filling of the chambers, and subsequent ejection
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of blood. These signals originate at the Sinoatrial (SA) node located on the upper right
atrium of the heart (Figure 2). When an action potential starts at the SA node, the signal
travels quickly to both atria via gap junctions (Cohen, 2017). Next, the signal travels to
the Atrioventricular (AV) node located between the right atrium and the right ventricle.
Proper conduction here is essential because this is the only electrical point of contact
between the atria and the ventricles of the heart (Cohen, 2017). The signal slows once it
reaches the AV node because the atria need to function together just as the ventricles
need to function together. For example, if each ventricle contracted at separate times, this
would cause improper filling and ejection of blood. The signal next travels to the Bundle
of His, down each Bundle Branch (simultaneously), and subsequently all the way down
to the Purkinje Fibers, where the electrical impulse will be spread across the ventricles by
more gap junctions (Cohen, 2017).
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Figure 2: Electrical conductance of the heart.

Resting heart rate is primarily under the control the vagus nerve. Parasympathetic input
keeps the heart rate low, whereas sympathetic input raises the heart rate. These functions
are controlled by the medulla in the brain stem. The maintenance of heart rate is largely
important for oxygen delivery and conservation. When presented with a particularly
threatening scenario, the sympathetic drive in the body will increase through release of
catecholamines which contribute to increased heart rate to deliver oxygen to muscles for
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the “fight-or-flight” response. This becomes important in the discussion of stress on the
heart.

Vessels
Blood vessels carry deoxygenated blood from ischemic systemic tissue to the lungs and
oxygenated blood from the lungs to the rest of the body. These vessels have properties
that enable them to increase and decrease the velocity with which blood flows. This is
essential to ensure that enough oxygen is being delivered to the tissues that need it. There
are a few classes of blood vessels that each have a unique role in blood transportation:
arteries, arterioles, capillaries, and veins. Arteries carry blood away from the heart and
into smaller vessels called arterioles. Arteries are responsible for being a “pressure
reservoir” (Cohen, 2017). They easily propel blood forward and serve as quick
passageways for blood to escape the chambers of the heart. Arterioles are resistance
vessels, meaning they can increase or decrease the flow of blood by contracting or
relaxing the smooth muscle that lines them. This system is under autonomic control.
Blood flow through vessels can be represented by the following equation:

𝐹=

∆𝑃
𝑅

Equation 1

Ruiz 10

where F is blood flow, DP is pressure gradient, and R is resistance of blood vessels.
Resistance, and therefore flow, is determined by three factors: viscosity of blood, vessel
length, and vessel radius. The main determinant of the three is vessel radius. Contraction
of the smooth muscle therefore decreases the diameter of the blood vessel, which
decreases blood flow. The opposite is true when the smooth muscle relaxes (Cohen,
2017).

Capillaries are small, thin vessels that serve as “the site of exchange of materials between
the blood and the tissues” (Cohen, 2017). Although capillaries are small, their quantity in
the body gives them the largest surface area by far of any type of blood vessel. This high
surface area contributes to the efficiency of gas and nutrient exchange. The thin capillary
walls also make diffusion more efficient. Blood moves slowly through the small
capillaries, which allows more time for nutrient exchange. Veins act as the blood
reservoir and one of their other main jobs is to provide pathways for blood to return back
to the heart. There are several factors that can affect venous return such as exercise,
respiration, and venous valves (Cohen, 2017).

Coronary Circulation
A special type of circulation is the coronary circulation. The heart itself must receive
oxygen in order to continue pumping, which is facilitated by the vessels that wrap around
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the heart. The two main coronary arteries are the right and the left coronaries. The right
coronary artery is essential because the right side of the heart houses the SA node, which
enables the heart to beat. The left coronary artery is essential as well because the Left
Anterior Descending (LAD) artery supplies the ventricles as well as the septum (Figure
3). If this artery is not able to supply oxygen to the heart, the heart will not be able to
pump blood to the rest of the body. This can result in death (Cohen, 2017). Collateral
arteries provide protection in case of a blockage in any of the coronaries. Coronary
capillaries and veins exist and serve similar functions in the heart as they do in the rest of
the body.
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Figure 3: Coronary arteries of the heart.

Blood
There are two main types of blood cells: red blood cells and white blood cells. Generally,
red blood cells are considered to be oxygen carrying cells while white blood cells are
associated with immune response. There are 5 billion red blood cells in each milliliter of

Ruiz 13

blood. That translates to 25-30 trillion red blood cells in a single human body (Cohen
2017). These cells are so numerous because they supply our tissues with oxygen, needed
for cell energy and function. White blood cells are less numerous, but they have very
different functions in the body. They consist of neutrophils, basophils, eosinophils,
monocytes, and lymphocytes (Figure 4). Neutrophils are the most numerous white blood
cells, acting as first defenders and assisting in inflammation. Basophils play a role in
histamine release, although there is little information on their function in literature.
Eosinophils are involved in allergic responses and parasitic infections. Monocytes are the
precursors to macrophages, and these macrophages engage in phagocytosis, or “cell
eating”. Lymphocytes are divided into two very important cell types: T cells and B cells.
T cells directly act on pathogens to attack and destroy them. B cells secrete antibodies
that will work to seek and destroy foreign invaders of the body. Both T cells and B cells
participate in cell signaling, which enables them to become activated, deactivated, or to
change function in the body depending on the scenario or pathogen.
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Figure 4: White Blood Cells (WBC), Erythrocytes AKA Red Blood Cells (RBC), and
platelets (components of clotting).

What is “Stress”?
The term “stress” is frequently used in both everyday conversation and scientific
literature. The Merriam-Webster definition of stress is listed as follows:
Stress: noun \ ˈstres \
constraining force or influence: such as
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a : a force exerted when one body or body part presses on, pulls on, pushes
against, or tends to compress or twist another body or body part; especially : the
intensity of this mutual force commonly expressed in pounds per square inch
b : the deformation caused in a body by such a force
c : a physical, chemical, or emotional factor that causes bodily or mental tension
and may be a factor in disease causation
d : a state resulting from a stress; especially : one of bodily or mental tension
resulting from factors that tend to alter an existent equilibrium
•

job-related stress

e : strain, pressure
This term is listed on the Merriam-Webster site is in the top 1% of definition look-ups.
Stress seems to be on the minds of people in this day and age. The one definition that
seems to stand out as relevant to this conversation is under the letter “c”. The dictionary
suggests that stress is a potential factor in disease causation. It even says that stress can
be an emotional factor, not simply a physical manifestation. To provide some
perspective, an article on WebMD effectively defines stress as:
“Any change in the environment that requires your body to react and adjust in
response. The body reacts to these changes with physical, mental, and emotional
responses” (Robinson, 2017).
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These definitions (both common and scientific) offer similar conclusions as to the
connections between stress, change, and the body. Any change or variation from what is
normal to the mind or the body could be considered a stressor, and the body will work to
attenuate that variation to get back to homeostasis.

The Mind and Body
It has been long debated in the medical world as to what degree the mind and body are
connected. Clearly, the mind signals the body to do almost all activities. In modern
literature, the agreement that the pain from emotional or traumatizing experiences can
and does frequently manifest in physical pain is more and more common as physicians
tackle mental illness and Post Traumatic Stress Disorder (PTSD). New studies in
empathically driven care focus on “narrative medicine” as a way to honor patients and
their mental and emotional journeys through pain rather than simply addressing a slew of
symptoms. The belief here is that the mind can cause physical symptoms as frequently as
any other type of pathology that physicians might term diagnosable. “The disagreement
between Descartes and Spinoza in the seventeenth century – is there a division or unity
between mind and body? – is repeated today in cultural studies, anthropology, and
literature as we human beings try to image or come to grips with our mysterious
existence as simultaneously material and metaphorical beings” (Charon, 86). This
“mysterious existence” that is present in everybody is mentioned not to suggest that the
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mind makes up lies to tell to the body, but that the body is expressly tied to the mind and
can therefore not be separated when we consider disease and illness.

Although a stress response is initiated by the sympathetic nervous system, perception of
stress plays a vital role in the intensity and duration of the response. Simply speaking,
whatever the brain determines to be a threat to health and/or safety will trigger the
sympathetic “fight-or-flight” response. What is even more interesting is the impact that
our ideas about the negative effects that stress has on our health can be more detrimental
in terms of mortality. A study was done to identify the risk associated with the knowledge
that high levels of stress cause adverse health effects. “This study indicates that
individuals reporting both a high amount of stress and the perception that stress affects
their health may be at a greater risk of premature mortality, over and above those who
report high stress or perceived health effects of stress alone” (Keller, 2013). Is it better to
be aware of the risks of high levels of stress or to simply make efforts to reduce stress on
a daily basis?

Physiologic Stress Response
The body’s response to stress mainly involves a signaling pathway dominated by a stress
hormone: cortisol. Cortisol stimulates gluconeogenesis, increases salt and water retention
at the level of the kidney, and inhibits the actions of the immune system (Randall, 2013).
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All of these factors contribute to the “fight-or-flight” response initiated by the
sympathetic nervous system. This response is important when your body is presented
with a stressor, especially a physical danger. The increased gluconeogenesis provides
your tissues with sugar and nutrients for increased muscle activity, the retention of salt
and water inhibits any digestion, and the prevention of immune system activity allows
your body to focus on getting away from the threat to your life. The “fight-or-flight”
response also causes increased heart rate, vasoconstriction of blood vessels, and pupil
dilation (Figure 5). The problem with this response is that cortisol can also be released
when a mental stressor occurs as well. If you are getting nervous for an exam or feel
distressed in any way, the “fight-or-flight” response may be activated even when you
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aren’t in any real danger, which can lead to adverse long-term effects.

Figure 5: Fight-or-Flight Response effects on the body.
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An Introduction to Broken Heart Syndrome
Broken Heart Syndrome (BHS) AKA Takotsubo Cardiomyopathy AKA Stress-Induced
Cardiomyopathy is “a weakening of the left ventricle, the heart's main pumping chamber,
usually as the result of severe emotional or physical stress, such as a sudden illness, the
loss of a loved one, a serious accident, or a natural disaster such as an earthquake”
(Harvard Health, 2018). This usually occurs in post-menopausal women, and there has
been an increased number of cases in Japan. “Takotsubo cardiomyopathy mimics acute
coronary syndrome. It is accompanied by reversible left ventricular (LV) apical
ballooning in the absence of angiographically significant coronary artery stenosis. In
Japanese, ‘tako-tsubo’ means ‘fishing pot for trapping octopus,’ because the LV of a
patient diagnosed with this condition resembles that shape” (Virani, 2007). A diagnosis
of BHS involves an ECG and a blood test. The ECG should show the usual signs of a
heart attack, but further tests are required to confirm that the patient has BHS rather than
simply a stress-induced heart attack. An angiogram will be performed to determine if
there are any blockages in the coronary arteries (the most common cause of heart
attacks). If the patient has BHS, the angiogram will show that there are no blockages
because BHS results from a dilated left ventricle rather than a blocked coronary artery.
An MRI and echocardiogram may be done as well in order to visualize the abnormally
large ventricle (Takotsubo, 2018). Treatment is similar to that following a heart attack.
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Aspirin will be administered to assist in healing the damaged heart tissue. The ventricle
should return to normal within a few weeks or months, and the patient will be monitored
to ensure proper recovery. Odds of reoccurrence are about 10-15%. More research needs
to be done in this area to better determine the presence of a genetic link to the syndrome
(Takotsubo, 2018).

Figure 6: Enlarged left ventricle is similar in form to the Japanese Octopus Trap.

Ruiz 22

Figure 7: Apical ballooning angiography from Virani et. al study.

Figure 7 shows left ventricular angiography in systole (A) and diastole (B) and illustrates
apical ballooning (Virani, 2007).

Pathophysiology of BHS
The exact pathogenesis of BHS remains unclear, however several mechanisms have been
proposed (Virani, 2007). We can find more information when looking at a disorder with
similar clinical manifestations: Neurogenic Stunned Myocardium (NSM). NSM is
characterized by an imbalance in the autonomic nervous system (Mierzewska-Schmidt,
2015). NSM is a condition closely related to BHS in that one event may precede the other
and vice versa. Both seem to involve “catecholamine-incduced myocardial
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damage…[where] the role of increased local noradrenergic neuronal activity is
highlighted. Damage to the insular cortex and hypothalamus [in a stress-related event]
leads to the increased release of catecholamines from the sympathetic nerve endings,
which results in local toxic effects on the myocardium” (Mierzewska-Schmidt, 2015). It
has been considered that BHS and NSM “have a common pathomechanism and represent
a clinical spectrum of the same syndrome” (Mierzewska-Schmidt, 2015).
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Figure 8: A proposed mechanism of the apical ballooning seen in BHS, note also the role
of reduced estrogen in menopause.

Another possibility is that emotional triggers cause excessive stimulation of cardiac
adrenergic receptors, which leads to transient LV hypercontraction (Virani, 2007).
“Single nucleotide polymorphisms of the B1 and alpha 2c adrenergic receptors result in
enhanced myocyte receptor function and enhanced synaptic norepinephrine release and
theoretically could result in harmful sympathetic nervous system over-activity” (Sharkey,
2009). This suggests that there is a possible genetic predisposition to cardiomyopathy,
which is important when identifying at-risk individuals. This area, however, needs more
research as there was no significant evidence in this study to suggest that “single
nucleotide polymorphisms of these particular adrenoreceptors as operative in the
sympathetic nervous system over-activity observed in [stress-cardiomyopathy]”
(Sharkey, 2009). There is potential for currently unrecognized polymorphisms to emerge
for future genetic analysis (Sharkey, 2009).
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Figure 9: A Single Nucleotide Polymorphism (SNP) is characterized by a DNA sequence
change in a single nucleotide.

A discussion of acute stress and its effects on the body has led to research of
inflammatory cascades activated as a result of a stress event. Acute phase mediators such
as interleukin (IL)-4 and C-reactive protein trigger inflammatory cascades (Beydoun,
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2010). Inflammatory cascades serve to protect the body as the immune system attempts to
eliminate a pathogen and keep the damage localized (Cohen, 2017). As seen in Figure 10,
the inflammatory cascade activates inflammation when acute stress causes damage to the
myocardium, but the combination of cytokines and natriuretic peptides causes subsequent
cytokines to be released that impair myocardial function.
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Figure 10: A proposed mechanism of BHS depicting the release of cytokines and how
these affect the heart.

BHS Today
BHS presents an overwhelming opportunity for future research as the number of cases
increase every year. There is a general lack of evidence to suggest exact cause and
mechanism of the syndrome. Much of the information we do know has been associated
with what we know about various other stress-induced cardiomyopathies. This may
suggest that there are multiple mechanisms that can result in BHS. Nonetheless, research
in this field would be valuable considering stress is a prevalent part of modern society

BHS has been seen in the news with the 2016 passing of Debbie Reynolds a day after the
passing of her daughter Carrie Fischer. Headlines read, “‘Broken Heart Syndrome’:
Could Debbie Reynolds Have Died of Grief?”, “Debbie Reynolds and Carrie Fischer: A
Look at Broken Heart Syndrome”, and “Did Debbie Reynolds Die of a Broken Heart?”.
This event sparked the conversation of BHS in the public, since two famous and related
actresses passed within a day of each other. It is generally thought that the stress of her
daughter dying played a role in the death of Debbie Reynolds. The cardiac event leading
to her passing has been associated with BHS and has raised awareness for women’s heart
health. The variability in survival in patients that experience a BHS related event makes
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its role difficult to recognize in the case of Debbie Reynolds. For example, many patients
that experience BHS may survive even without treatment. For others, BHS is their cause
of death. The official cause of death in the case of Debbie Reynolds was a stroke, but it is
speculated that heart complications were at the root of the stroke she experienced.
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Figures 11 A-C: The various news headlines that surfaced in 2016 when Debbie
Reynolds passed away a day after her daughter Carrie Fischer died.
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Prevention Strategies
Preventing BHS can be as simple as keeping control of your stress levels. Women
experiencing menopause should know that they are at greater risk for BHS, and should
try to manage their stress levels appropriately. Exercise is a great way to relieve stress
and increase the strength of the heart. Some may find that support groups and emotional
communication can help to lower stress and maintain a good support system. Eating food
rich in antioxidants can help the heart by reducing the effects of damaging heart events
(Timothy, 2017).
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Figure 12: A graphic for a heart health campaign. Reaching out to the public to create
awareness for stress-reduction and heart health is a great way to reduce the frequency of
BHS.

The Future
When looking to the future, an interesting topic for study would be to consider the effects
of acute stress events on the hearts of younger people (ie. Students, young professionals,
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new parents, etc.) For example, when a student who is prone to anxiety is preparing to
take an exam of massive importance (MCAT, SAT, LSAT) is their heart more at risk for
a BHS episode? Today, it is more common than ever to talk about anxiety of all forms. I
know several people who struggle with anxiety in some way. This got me thinking about
test anxiety and how detrimental it must be on the heart. I consider this an acute form of
stress, but it can turn into an even bigger issue: an accumulation of many acute stress
events over a long period of time. Exploring this area might yield interesting and
surprising results, and I encourage researchers to dedicate more time and energy to this
topic.

Conclusions
Dying of a “broken heart” is clinically possible. Any major stress event on the heart can
cause heart problems, so breakups and grief are not to be discounted! Cases of BHS have
been well-documented over the past 20 years, and it should be noted that many of those
affected by BHS had previously healthy hearts. We should dedicate more research to this
field as well as create a conversation about the dangers of stress, especially those that are
intense and transient. We often do not give enough credit to the stress our bodies endure
when experiencing the loss of a loved one or a big life change. Heart health should be a
priority in our society, and we should work together to reduce stress levels and aim to
live heart-healthy lives.
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Appendix A

My poster from the 2018 Physiology Poster Session (4/16/18) where I presented my
findings to peers and faculty.
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