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Abstract 

This report is a culminated product from coursework at the University of Arizona and 

research at the Chinese University of Hong Kong providing a brief overview of cardiovascular 

physiology and a practical application review of mitral regurgitation patients at the Prince of 

Wales Hospital in Sha Tin District, Hong Kong. It is a capstone of my physiology knowledge 

through a combined approach to understand cardiovascular physiology through language and 

culture.  
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Part I The Heart 

1 The Structure of the Heart 

The heart is our central blood pumping organ 

responsible for providing the continuous propulsion of 

nutrient and oxygen carrying blood throughout our body. 

In order to understand the underlying mechanism of its 

function, we must first understand the anatomy of this vital 

organ. The heart has four chambers; the right and left atria, 

and the right and left ventricles. These chambers are 

connected in series with four main valves: two atrioventricular (AV) valves; the tricuspid linking 

the right atria to the right ventricle, the bicuspid or mitral valve connecting the left atrium to the 

left ventricle, and the semilunar valves; the pulmonary valve linking the right ventricle to the 

pulmonary artery and the aortic valve linking the left ventricle to the aorta. Each AV valve is 

attached to the ventricles via connective tissue called 

chordae tendineae controlled by papillary muscles on the 

inferior portion of the ventricles. Contraction of these 

muscles will cause increased tension in the chordae 

tendineae which facilitates the tight closure of the AV 

valves. As for the semilunar valves, the anatomy is such that 

there are three “flap-like” structures which are by default 

closed unless pressure (of blood) exceeds enough to push 

through and open these valves. This is an important 

difference as the contraction of the ventricles will be the leading force in pressure in opening these 

Figure 1: Heart Anatomy 
Pearson Education 

Figure 2: Heart Valve Anatomy 
http://www.yourheartvalve.com/heartbasics/pages/heartvalves.aspx 
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valves. The heart muscle wall itself consists of three layers: the pericardium, myocardium, and 

endocardium. The pericardium is a two-layer membrane that envelops the heart, the inner layer 

being the epicardium. Between these two layers is a fluid lined space, the pericardial cavity, which 

functions as a protective barrier from friction and agitation from neighboring organ movement. 

The myocardium consists of myocardial muscle cells, a subtype of muscle cells characterized by 

the multi-nucleated cells connected by intercalated disks and gap junctions. 1  Finally, the 

endocardium is the innermost layer consisting of endothelial tissue and lines the entire 

cardiovascular system.  

1.2 Blood Flow 

To understand the pathway the heart provides for blood to 

travel along, we will follow a drop of blood as it travels 

throughout our two circulations; the pulmonary circulation and 

systemic circulation. Pulmonary circulation refers to the 

pumping of non-oxygenated blood from the right ventricle to the 

lungs and then re-oxygenated blood returning into the left atrium 

through the pulmonary vein for distribution to our systemic 

circulation. Right ventricular contraction will lead to the blood 

exiting through the pulmonary valve into the pulmonary artery 

until it arrives at the lungs where it is oxygenated as the 

pulmonary capillaries come into contact with the alveolar membranes and the exchange of O2 into 

the blood and CO2 out of the blood occurs. The blood is then pumped into the left atrium, 

                                                           
1 Cohen. Zoe, PhD. “Introduction to the CV System”, Cardiovascular Physiology. University of Arizona. Fall 2018 

Figure 3: Heart Circulation: Systemic vs. 
Pulmonary 
https://antranik.org/intro-to-the-heart/ 
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whereupon it enters the left ventricle through the mitral (bicuspid) valve. As the left ventricle 

contracts, it pumps the blood though the aortic valve into the aorta and throughout the systemic 

circulation out to the body. Once blood moves to the tissues, oxygen and nutrients diffuse into 

cells for use in aerobic metabolism while CO2 biproducts diffuse back into the blood for return to 

be exhaled after exchange in the lungs. The blood then returns back to the heart by veins and 

through the inferior and superior vena cava into the right atrium. From the right atrium, 

deoxygenated blood enters into the right ventricle through the tricuspid atrioventricular valve, and 

the cycle repeats.  

1.3 Cardiomyocyte Contractility 

  The heart is a muscle that continually 

contracts over the course of a lifetime averaging 

around 3 billion contraction cycles for the 

average human lifespan. 2  As such, it is no 

wonder that the myocardium is consisted of 

such specialized muscle cells. Cardiomyocytes 

span 10-20 um in diameter with a length of 

around 50-100 um long.3 These muscle units are 

repeated throughout the muscle fibers as they 

branch out and are connected by intercalated 

disks which contain gap junctions (top, center image in figure 4). These gap junctions contain 

connexons which themselves are made up of six connexins and together form pores that connect 

                                                           
2 Cohen. Zoe, PhD. “Introduction to the CV System”, Cardiovascular Physiology. University of Arizona. Fall 2018 
3 Cohen. Zoe, PhD. “Myocardial Contractility”, Cardiovascular Physiology. University of Arizona. Fall 2018 

Figure 4: Myocardial Cells 
https://eleventeengreen.files.wordpress.com/2013/01/refract-2jpg?w=700 
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the myocardial cells to one another and allow for cellular communication during depolarization to 

facilitate the synchronized contraction known as a “functional syncytia.”4 However, to understand 

the functional contractility of these myocytes, we must look at the micro-anatomy.  

     1.4 The sarcomere  

The sarcomere is the basic unit of organized 

muscle filament fibers within striated cardiac and 

skeletal muscle that gives it its characterized 

striped appearance. The major contractile filaments 

are made of two major components: myosin and 

actin fibers, also known as the thick and thin 

filaments, respectively. The thicker myosin 

filament can also be referred to as the dark band 

whilst the actin filament is called the light band as 

the two components absorb different quantity of 

light under imaging due to the difference in 

thickness. Thus, it is this sarcomere arrangement that 

gives cardiac and skeletal muscle the striated 

appearance. The thick filament is composed of a 

collection of 300 myosin fibers consisting of an alpha helical 

tail and contractile head. The tails point inward towards the M-line, or the central most point of a 

sarcomere unit (figure 5), whilst the heads point towards the actin filaments. Actin on the other 

                                                           
4 Cohen. Zoe, PhD. “Introduction to the CV System”, Cardiovascular Physiology. University of Arizona. Fall 2018 

Figure 6: The Myosin Crossbridge  

https://www.nature.com/articles/35073086 

Figure 5: The sarcomere, micro-anatomy 

https://www.unm.edu/~lkravitz/Exercise%20Phys/musclesarcomere.html 
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hand is composed of an alpha helical polymer of actin monomer molecules. Contraction is 

achieved via the “sliding filament theory” in which actin filaments slide past the myosin 

filaments towards the M-line center indicated by the “H-zone” in figure 5. This sliding occurs as 

a result of cross-bridge formation as myosin heads attach to the actin and pull it towards the H-

zone. Repeated release and attachment to the actin filaments results in a mechanism similar to 

that of pulling a string to oneself. This cycle 

begins with an electrical impulse that triggers 

the release of Ca2+ ions into the muscle cell. 

Depending on the type of muscle, this 

electrical impulse can originate from either a 

motor nerve, as in skeletal muscle, or from 

nearby depolarizing cardiac cells, as in the 

heart. Following the depolarization, a voltage-

gated Ca2+ channel is opened and allows 

calcium to enter the muscle cell via gradient 

diffusion. This calcium then binds to the 

ryanodine (RyR) receptor on the membrane of the sarcoplasmic reticulum (SR), an organelle that 

actively maintains a high concentration of calcium ions inside, which triggers a conformational 

change and allows the efflux of the high concentration of calcium from the SR to diffuse 

throughout the muscle cell.  

Figure 7: Sarcolemma Calcium-induced Calcium Release  

Granzier, Henk. Cardiovascular Muscle Biology and Disease University of Arizona. 
Spring 2019. 
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Ca2+ diffuses throughout to the sarcomeres in the myocyte and binds to the regulatory protein 

troponin which lies along the actin filaments. The binding to subunit troponin-C (visualized in 

blue in figure 8) causes a conformational change and 

displaces the troponin filament to expose the binding 

site for myosin. This allows the myosin heads to bind 

to the actin myofilaments resulting in a stroke 

movement of the myosin heads with the release of 

ADP that was previously attached to the heads. This 

stroke movement is what initiates the sliding of the 

filaments towards the center of the contractile unit and is repeated to contract further. After the 

stroke movement is complete, ATP molecules attach to the myosin heads, releasing them from 

their bond with actin and then ATP dephosphorylation occurs in order to move the myosin heads 

back into resting position before a new influx of Ca2+ ions begins the cycle again.5 It is a 

repetition of this cycle that allows a muscle to contract and slide the actin filaments closer to the 

center, thus increasing actin and myosin filament overlap and decreasing the H-zone (figure 5). 

The result is a full contraction consisting an immense demand for ATP and chemical signaling 

by calcium.  

We can see that at the very fundamental molecular level, calcium is a key component for 

initiating contraction. However, relaxation is just as important of a process as contraction, if not 

more, when it comes to cardiovascular function. As such, cardiomyocytes have a few different 

mechanisms for getting rid of intracellular calcium. A Ca2+ ATPase protein sits on both the SR 

and the sarcoplasm (labeled 1 and 3 in figure 7). Thus, calcium is constantly being actively 

                                                           
5 Media, Alila Medical. YouTube. August 31, 2016. https://www.youtube.com/watch?v=BVcgO4p88AA. 

Figure 8: Troponin Interaction 

https://www.sciencedirect.com/science/article/pii/S0010865016300741 
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pumped back into the SR to maintain the high intra-SR concentration as well as outside of the 

cardiomyocyte to quickly return the cell to resting potential. There is also a sodium/calcium 

exchange channel (labeled 2 in figure 7) which functions on facilitating the diffusion of Ca2+ out 

of the cell with the assistance of the high sodium gradient outside of the cell. An additional 

reuptake mechanism is performed by the mitochondria (labeled 4 in figure 7). This exchange 

helps perform sodium exchange and balance within the mitochondria membrane and goes to 

show how important preventing excess or prolonged Ca2+ presence within the cell. 

2 Electrical Activity of the Heart  

 The heart is an autonomously contracting organ, 

absent of the dependence on external nerves for 

stimulation, although sympathetic and parasympathetic 

nervous controls help control the rate of these 

autonomous electrical signals. The electrical signals are 

produced by the heart’s four main electrical structures: 

the sinoatrial node (SA), atrioventricular node (AV), 

bundle of His (AV bundle), and the Purkinje fibers as 

seen in figure 9. The two nodes are the source of 

electrical activity that spreads across the remaining 

nerve fibers and results in contraction. Normal rates of electrical signals emitted from these 

nodes are as follows: SA node: 70-80 action potentials/min (ap/min), AV node: 40-60 ap/min, 

bundle of His/Purkinje Fibers: 20-40 ap/min.6 

                                                           
6 Cohen. Zoe, PhD. “Myocardial Contractility”, Cardiovascular Physiology. University of Arizona. Fall 2018 

Figure 9: The electrical fibers of the heart 

https://mychart.geisinger.org/staywel/html/Inpatient/3,82063.html 
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The SA node has an action potential that differs from that of the cardiomyocytes. In SA 

nodal action potentials, there are three distinct phases. Phase 0 is also known as the upstroke and 

refers the influx in Ca2+ ions causing 

the negative potential to increase in the 

positive direction. Phases 1-2 are absent 

and are followed by repolarization 

phase 3 in which an increase in K+ efflux 

results in a dropping membrane 

potential. The final phase 4 is referred to as spontaneous depolarization and is the result of 

spontaneous “funny” Na+ channels that open and allow the influx of Na+ ions into the cell. These 

funny channels are activated from the repolarization phase as a mechanism to ensure that the 

potential increases to the threshold to active Ca2+ influx and restart the depolarization effect.7 

This self-sustaining loop is what allows the heart to maintain autonomous electrical activity, as 

long as ion gradients are maintained. 

This SA signal spreads through both atria until it reaches the AV node, the only 

electrically conducting link between the atria and ventricles. This contact occurs after an 

approximate delay of 100 ms to allow for atrial depolarization to occur before ventricular 

depolarization.8  Once the signal reaches the AV node, the depolarization spreads through the 

bundle branches and to the Purkinje fibers where it activates ventricular cardiomyocytes. The 

action potential in cardiomyocytes is seen in the right graph in figure 10 and begins with phase 0, 

the upstroke. At this point, the action potential initiates due to the influx of Na+ ions via Na+ 

                                                           
7 Cohen. Zoe, PhD. “Electrical Activity”, Cardiovascular Physiology. University of Arizona. Fall 2018 
8 ibid. 

Figure 10: SA and Ventricular Muscle Depolarization Graphs 

http://yousense.info/6376/cv-physiology-sinoatrial-node-action-potentials.html 
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channels opening. The subsequent initial repolarization (phase 1) results in a sudden outward 

current due to inactivation of Na+ channels and an efflux of K+ ions via potassium channels 

opening. However, instead of plummeting back to resting membrane potential, the phase 2 is a 

plateau phase of around 150-200 ms due to an increase in calcium conduction via L-type (long 

lasting) Ca2+ channels opening. Upon Ca2+ decrease, the membrane potential falls with the 

continued K+ efflux in phase 3. Finally, resting membrane potential is achieved around -85 mV 

in phase 4.9 

The electrical propagation is crucial to maintaining normal sinus rhythm for appropriate 

heart contraction. Hence, any damage to either nodes or nerve fibers may result in arrhythmias or 

blockage of any signal altogether. This can be detrimental to maintaining proper blood flow 

since cardiac pumping events require the rhythm to be a steady synchronization. As such, 

monitoring of these electrical signals becomes crucial when working with patients at risk of 

cardiovascular dysfunction.   

 

3 Electrocardiogram (EKG) – Mechanism and Interpretation 

An electrocardiogram is a measurement of the electrical changes in the heart due to the 

propagation of depolarizing and repolarizing activity through the nervous fibers. A typical EKG 

consists of 12 leads using 10 electrodes attached to the pectoral region as well as the limbs.  

                                                           
9 Cohen. Zoe, PhD. “Electrical Activity”, Cardiovascular Physiology. University of Arizona. Fall 2018 
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The EKG waves that results can be a useful tool for tracing the depolarizing and 

repolarizing activity of the fibers. As we see in figure 11, the P-wave corresponds to the 

depolarization of the atria as the signal from the SA node propagates to both sides of the heart. 

Subsequently, following the signal transfer to the AV node, the QRS complex indicates 

ventricular depolarization as the signal travels through the bundle of His and the Purkinje fibers. 

Finally, the T-wave indicates ventricular repolarization and returns to membrane potential before 

recording the next electrical cycle.10 It is important to note that atrial repolarization does indeed 

occur, however the signal is too weak to register but would otherwise be seen within the QRS 

complex. Based on the frequency of the pattern, we can assess a multitude of factors including 

heart rate, atrial and ventricular electrical function, and strength of electrical activity to deduce 

potential dysfunction or look at signs of previous injury.  

 

                                                           
10 Cohen. Zoe, PhD. “Electrocardiograms”, Cardiovascular Physiology.  University of Arizona. Fall 2018 

Figure 11: EKG signals with corresponding heart contractions 

https://www.sevencountriesstudy.com/ecg-predictors-and-coronary-heart-disease/) 

 

Figure 12: 12-lead EKG Placement 

https://allnurses.com/cardiac-nursing/lead-placement-
for-911048.html 
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3.1 The Wigger’s Diagram 

 

An EKG can only show electrical activity that occurs in the heart; however, even though 

we see electrical activity, it is not necessarily always followed by mechanical contraction of the 

muscle itself. As such, the Wigger’s diagram is a useful tool in looking at both electrical activity 

and contractility. From the Wigger’s 

diagram, we see that shortly after the 

P-wave of the EKG (bottom, dark 

blue in figure 13), atrial pressure 

(middle grey) increases and 

ventricular blood volume (red) 

increases. This indicates atrial 

contraction occurring after atrial 

depolarization and blood moving 

into the ventricle, hence the 

increased ventricular blood volume. As 

the QRS complex concludes, the 

ventricle has depolarized and begins to contract. Thus, ventricular pressure continues to increase 

as the muscle contracts and a decrease in ventricular volume is seen, indicating ejection of blood 

once the pressure surpasses that of the aorta (and hence, opening the aortic valve). Meanwhile, 

atrial filling takes place after the QRS complex. As ventricular repolarization sets in with the 

appearance of the T-wave, blood continues to exit the ventricle and ventricular pressure is seen 

to gradually fall until it goes below aortic pressure. The aortic valve closes, and no more blood 

exists the ventricle. The cycle repeats as the atria fill the ventricles as the AV valve opens again. 

Figure 13: Wigger’s Diagram 
https://commons.wikimedia.org/wiki/File:Wiggers_Diagram.png 
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Part II Pathophysiology of The Heart  

4 Cardiomyopathy  

Ventricular systole refers to the phase of contraction as blood is being pushed out to the 

body while diastole refers to the phase of relaxation, allowing blood to fill the ventricles. 

Disorders in either one of these phases can cause cardiomyopathy, or a diseased state of the 

heart. Onset of cardiomyopathy is often a compensating response to a disbalance in maintaining 

cardiac output which is a measure of heart pumping efficiency. Cardiac output is calculated by 

multiplying stroke volume by heart rate to yield the volume of blood pumped to the body per 

minute. End-diastolic volume (EDV) is the amount of blood that fills the ventricle before the 

heart contracts while end-systolic volume (ESV) is the amount of blood that is left behind after 

contraction. Ejection fraction (EF) is the ratio of blood ejected to the body over the total volume 

of blood in the ventricle before contraction (EDV). The body maintains a balanced and steady 

state as well as a constant demand for metabolic processes. Cell metabolism is dependent on 

oxygen for oxidative phosphorylation and thus, the heart compensates for any deviation in order 

to deliver the needed cardiac output. Normal deviations occur during increased periods of 

exertion and metabolic demand. Exercising for instance, increases metabolic demand as skeletal 

muscle needs more ATP to contract, and thus cardiac output will increase. However, if 

cardiomyocytes suffer excess stress or damage, cardiac output is negatively affected and thus the 

heart begins to compensate to maintain the same level of cardiac output to meet the body’s 

unchanged metabolic demand. Such compensation can include increased contractility to maintain 

stroke volume or increasing the heart rate. In both cases, the heart is contracting more per unit 

time, whether with greater intensity or with greater frequency. This can lead to hypertrophy, an 

enlargement of the size of the cells of the muscle itself in response to stretching and increased 
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contraction. Most commonly, left ventricular hypertrophy occurs as the ventricle increases 

contractility to maintain cardiac output, however, this also means that the chamber size 

decreases. This can ultimately decrease EF and lead to further cardiomyopathy such as dilation 

of the cardiomyocytes. The physical stretching of the cells deteriorates the functional syncytia as 

gap junctions cannot efficiently communicate and this leads to further electrical arrhythmia. 

What ensues is a positive feedback loop of compensation until cardiac output can no longer be 

met, at which point the condition is dubbed heart failure.11 

Preload and afterload are terms that refer to the wall stress on the heart exerted during 

diastole and systole, respectively. Preload is the pressure exerted from the blood filling the 

ventricles while the afterload is the pressure resulting from the contraction of the ventricles to 

open the semilunar valves and push the blood out. Deviations in preload or afterload due to 

tissue damage or compensation can also result in cardiomyopathy.  

4.1 Pressure Volume Loops 

Pressure volume (PV) loops are a 

useful tool to understand the relationship of 

contraction and cardiac output to assess 

cardiomyopathic changes and the 

progression of heart failure. Assessment is 

usually achieved by measuring the pressure 

and volume inside the left ventricle 

throughout a cardiac cycle. Blood volume inside the 

                                                           
11 Cohen. Zoe, PhD. “Cardiomyopathy and Heart Failure”, Cardiovascular Physiology. University of Arizona. Fall 
2018 

Figure 14: Pressure Volume Loop Anatomy 

https://www.cvphysiology.com/Cardiac%20Function/CF024 
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LV is labeled along the x-axis as the independent variable and LV pressure is on the y-axis. The 

pressure axis is referred to as the end diastolic pressure volume relationship (EDPVR) and is 

derived by defining the pressure at end-diastole for any given volume. The volume axis is 

referred to as the end systolic pressure volume relationship (ESPVR) and is the slope of the end 

systolic elastance at any given volume. Deviation of the slopes of these relationships can be 

indicative of cardiomyopathy. A compliant left ventricle will have a lower curve slope for 

EDPVR than a hypertrophied chamber. Hypertrophy of the left ventricle increases resistance to 

the same volume of blood and thus, the increase in pressure to volume ratio is greater. The 

ESPVR is indicative of contractility and the slope can be altered by positive or negative 

inotropic, or contractile, agents. Positive inotropic agents will increase the contractility of the 

heart and include calcium, beta adrenergic stimulators such as norepinephrine and epinephrine, 

and other biomolecules such as ATP. Negative inotropes decrease contractility and include beta-

blockers and calcium channel blockers. Furthermore, long-term contractility can be altered 

through regulated gene expression and cell signaling responses to a pathological development.12 

4.2 Valvular Dysfunctions 

Valvular dysfunctions involve a disorder of the endocardial tissue. The two classes of 

endocardial disorders include acquired, which are often developed throughout an individual’s 

lifetime due to disease or degeneration with age, and congenital, which is a condition acquired at 

birth due to structural defects. Congenital defects include atrial septal defect which is a gap in the 

atrial septal wall that causes blood to leak from the left atria into the right during systolic 

contraction. Another congenital condition can include the genetic Marfan Syndrome in which the 

                                                           
12 Konhilas, John. “CaRegulation II” Cardiovascular Biology and Disease. University of Arizona. Spring 2019. 
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connective tissue is affected throughout the body and can have adverse effects on the valvular 

connective tissues of the heart.13 Acquired disorders involve cardiomyopathies developed over 

one’s lifetime and can be acquired due to viruses that damage the valvular tissues. For instance, 

rheumatic carditis is a major cause of valvular disease that is caused by an autoimmune reaction 

to an infection by the bacterium streptococci. Following infection, an immune response initiates 

and antibodies are made against the bacteria. Unfortunately, the very same antibodies cross react 

with valvular tissues in the heart and cause inflammation and degeneration as they attach the 

tissue.14 This can cause severe damage to valves and result in either a leakage of blood, known 

as regurgitation or valve insufficiency, or an increased stiffness of the valve known as stenosis. 

Often infections and inflammation as in rheumatic endocarditis results in the scarring of the 

affected tissues leaving a stenotic valve. However, damage to the chordae tendinea can result in 

insufficient closure of the valve leading to valvular insufficiency.   

4.3 Valvular Stenosis 

Valvular stenosis is a serious risk factor for 

developing cardiomyopathy. An increased stiffness in 

either the atrioventricular or semilunar valves creates a 

demand for greater pressure in the chamber in order to 

successfully push it open and pump blood into the next 

chamber or vessel. Aortic stenosis, for instance, increases 

the afterload of the left ventricle and more pressure and 

                                                           
13 "What Is Marfan Syndrome?" The Marfan Foundation. October 03, 2018. 
https://www.marfan.org/about/marfan. 
14 "Pathology of Rheumatic Heart Disease." Overview, Etiology and Pathophysiology, Clinical Features. January 02, 
2018. https://emedicine.medscape.com/article/1962779-overview. 

Figure 15: Stenotic Valve Comparison 

https://www.uvmhealth.org/medcenter/Pages/Conditions-and-
Treatments/TAVR.aspx 
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contraction of the left ventricle is needed in order to open the valve and eject the blood. This 

increased contractility that ensues during resting physical exertion levels can lead to hypertrophy 

of the muscle and eventually lead to heart failure.  

 

4.4 Valvular Insufficiency 

 The opposite effect of a stenotic valve can also 

occur. Valvular insufficiency refers to a valve’s inability to 

shut tightly enough to prevent blood from backflowing into 

a preceding chamber. This causes blood to regurgitate back 

into the atria from the ventricles and is thus also dubbed 

“valve regurgitation.” It can be caused a variety of reasons 

including damage to the valve itself, damage to the chordae 

tendineae or papillary muscles, or misfolding of the valve 

leaflets.   

 

5 Mitral Regurgitation 

Mitral regurgitation (MR), also referred to 

as mitral insufficiency, is specific to the bicuspid 

valve and is a condition in which it fails to close 

properly. During contraction, blood can flow back 

out of the left ventricle into the left atrium and, in 

more severe cases, even continue back into the 

lungs. Normally, the mitral valve is kept closed by 
Figure 17: Mitral Valve Insufficiency 

https://www.nm.org/conditions-and-care-areas/treatments/mitraclip 

Figure 16: Valvular Insufficiency 

https://www.medicinenet.com/heart_valve_disease/article.htm 
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the chordae tendinea pulled by the papillary muscles (figure 17), however, damage to these 

structures due to infection, stretching of the muscle, or degeneration with age can lead to the 

leaflets of the valve to misfold. A common cause of MR is the prolapse of the valve leaflets and 

occurs when the structure folds out into the atrium or down into the ventricle and thus does not 

create a proper seal.15 This condition can lead to a myriad of complications throughout life and 

depending on the severity of the case, MR may need treatment varying from lifestyle 

modifications to medication to surgical intervention. Primary mitral regurgitation is a physical 

deformation or functional issue of the valve which can later lead to further complications. The 

manifestation of this type of insufficiency is rooted at the leaflets of the valve itself. In primary 

insufficiency, these leaflets may be prolapsed due to excess tissue that has caused a misfold 

during mechanical movement or due to a ruptured or loose chordae tendineae.16 Secondary MR 

results by the cause of another disease, condition, or factor, often being an issue with the left 

ventricle which then leads to mitral insufficiency.17 It can often be caused by ischemic heart 

disease or heart failure in which other portions of damaged tissue can lead to increased intra-

chamber pressures and decrease the efficiency of the valve. The differences between the two 

types can usually be assessed via an echocardiogram to analyze a moving image of the heart as it 

contracts. Depending on the source of the condition, there are varying numbers of symptoms and 

their severities.  

 

                                                           
15 "Mitral Valve Prolapse." Mayo Clinic. March 06, 2018. https://www.mayoclinic.org/diseases-conditions/mitral-
valve-prolapse/symptoms-causes/syc-20355446. 
16 Northwestern Medicine. "MitraClip for Mitral Regurgitation." Northwestern Medicine. 
https://www.nm.org/conditions-and-care-areas/treatments/mitraclip. 
17 "Mitral Valve Regurgitation." Mayo Clinic. April 13, 2018. https://www.mayoclinic.org/diseases-
conditions/mitral-valve-regurgitation/symptoms-causes/syc-20350178. 
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5.1 Symptoms 

Symptoms of mitral insufficiency may take years to develop, however, MR leads to the 

backflow of blood back into the left atrium, especially during the systolic contraction of the left 

ventricle. Because of this, the total ejection fraction is decreased overall since a portion of the 

blood that would have otherwise been ejected was able to leak back into the left atrium. With a 

decreased ejection fraction, the heart pumps less oxygenated blood to the rest of the body which 

results in a lowered perfusion of oxygenated blood to the cells. This is why among the most 

common and earliest symptoms includes fatigue, shortness of breath, and potentially a cough.18 

As such, dyspnea, or shortness of breath, may result as a lack of oxygen is delivered from the 

lower cardiac output. The regurgitation of blood back into the left atrium can also result in 

pulmonary edema as blood can back up even further into the lungs. As the heart’s EF is 

decreased, compensatory mechanisms may ensue. Increased contractility begins to take place 

long-term through gene regulation in order to maintain cardiac output and risk of 

cardiomyopathy increases.19 Thus, altered contractility and arrhythmias may set in over time.   

Eventually, left ventricular dilation can occur and heart failure occurs due to the inability 

to contract efficiently as the functional syncytia of the cardiomyocytes is disrupted. Nonspecific 

symptoms include weakness, tachycardia, hypotension, and altered mental status as a result of 

lowered oxygen delivery. Unfortunately, these symptoms are not enough to diagnose the MR, 

but they give a good insight to the nature of the cardiovascular condition. 

                                                           
18 Pick, Adam. "Surgeon Q&A: What's The Difference Between Primary & Secondary Mitral Regurgitation?" Adam's 
Heart Valve Surgery Blog. https://www.heart-valve-surgery.com/heart-surgery-blog/2016/08/17/primary-
secondary-mitral-regurgitation/. 
19 "Mitral Valve Regurgitation Topic Review | LearntheHeart.com." Mitral Valve Regurgitation Topic Review | 
LearntheHeart.com. https://www.healio.com/cardiology/learn-the-heart/cardiology-review/topic-reviews/mitral-
regurgitation. 
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5.2 Diagnosis 

Clinical assessments of heart dysfunctions not limited to mitral insufficiency include 

examining the patient’s appearance, personal accounts of fatigue and shortness of breath, family 

medical history, and listening for heart murmurs with a stethoscope. Listening for crackles in the 

lungs can hint of pulmonary edema which may be indicative of MR.20 

Diagnosis of MR specifically can be confirmed with 

echocardiographic imaging of the structural heart; 

however, initial clinical signs can prompt the necessity for 

this diagnostic test. Heart murmurs can be an indicator of 

not only the type, but also the severity of a valvular 

disorder. Normal heart sounds are generated by the 

vibrations caused by the closure of the valves following 

diastole and systole and are commonly referred to as the 

“lub” “dub” of the heartbeat. The “lub” corresponds to the closure of the AV valves which 

occurs just prior to ventricular depolarization and thus corresponds to the S1 sound visualized in 

figure 18.21 The “dub” corresponds to the closure of the semilunar valves which occurs just after 

systolic contraction and is signified by S2 in figure 18. S3 is known as the “ventricular gallop” 

and occurs when the mitral valve opens and allows the passive flow of blood into the left 

ventricle. A sound is heard when a larger volume of blood hits the walls of a non-compliant left 

ventricle or when there may be a greater than usual end-systolic volume. This is a normal finding 

                                                           
20 "Mitral Valve Regurgitation Topic Review | LearntheHeart.com." Mitral Valve Regurgitation Topic Review | 
LearntheHeart.com. https://www.healio.com/cardiology/learn-the-heart/cardiology-review/topic-reviews/mitral-
regurgitation. 
21  "Heart Sounds Topic Review | LearntheHeart.com." Heart Sounds Topic Review | LearntheHeart.com. 
https://www.healio.com/cardiology/learn-the-heart/cardiology-review/topic-reviews/heart-sounds. 

Figure 18: Heart Sounds and Murmurs 

http://www.vhlab.umn.edu/bears/ECG_heart_sounds.html 
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in children, well trained individuals, and pregnant women as ventricular compliance is increased, 

but may be a sign of systolic heart failure in otherwise individuals with below average cardiac 

health. S4 corresponds to an “atrial gallop” as blood from the left atrium is pushed into a 

noncompliant left ventricle.22 However, these are not the only sounds that clinical examination 

may show. Turbulence of blood due to valvular issues induce murmurs that can be heard either 

before or after systole. These include two types of sounds, either a swishing sound in 

regurgitation as blood switches back up, or a whistling sound in stenosis as greater pressure 

pushes to open the stenotic valve. In the case of MR, blood leaks back into the left atrium during 

systole when the left ventricle is contracting blood out. By this point, the AV valves, including 

the mitral valve, should be closed, if even somewhat. Thus, the typical heart sounds that are 

indicative of mitral insufficiency is a “lub”- swish- “dub” sequence, indicating blood 

regurgitating back into the left atrium after AV valve closure.  

If initial clinical assessment indicates uncertainty, then follow up tests are necessary to 

confirm a suspicion of valvular disorders. Such tests include an echocardiogram, EKG, chest X-

rays, cardiac MRIs, cardiac CTs, or catheterization. An EKG is used to assess abnormal rhythms 

that may point to a potential electromechanical cause of the disease. A chest X-ray can be used to 

assess the lungs and overall heart structure while an MRI can be used to more clearly assess 

structural changes to the chambers. Most commonly, an echocardiogram is performed for the 

reasons of being able to quantify the severity and characteristic of valvular dysfunction. Cardiac 

CTs are performed after diagnosis to assess a patient’s ability to receive a valve repair.23 

                                                           
22 "Heart Sounds Topic Review | LearntheHeart.com." Heart Sounds Topic Review | LearntheHeart.com. 
https://www.healio.com/cardiology/learn-the-heart/cardiology-review/topic-reviews/heart-sounds. 
23 "Mitral Valve Regurgitation." Mayo Clinic. April 13, 2018. https://www.mayoclinic.org/diseases-
conditions/mitral-valve-regurgitation/diagnosis-treatment/drc-20350183. 
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6 Echocardiogram 

 Echocardiography (ECHO) is an ultrasound 

imaging technique that creates an image reconstructed 

by reflected sound wave frequencies that are converted 

to electrical signals and processed. Different modes of 

ECHOs can display different parameters. For instance, 

B-more (brightness mode) can display a 2-dimensional cross section and can be useful when 

looking at internal chamber widths and structural abnormalities abstracting the chambers. M 

mode (motion), resonates through the tissue wall thickness and creates a visual of the tissue 

layers.27 This is typically a higher temporal resolution and can be useful in evaluating 

hypertrophy and wall thickness. A color doppler may also be performed in order to visualize the 

blood flow. There are various ways of performing an echocardiogram depending on the outcome 

image goal. A TTE, transthoracic echocardiogram, is non-invasive and is performed by applying 

                                                           
24 B-Mode Imaging | FUJIFILM VisualSonics. May 14, 2019. https://www.visualsonics.com/product/software/b-
mode-imaging. 
25 https://www.researchgate.net/figure/M-mode-echocardiography-of-the-aortic-root-and-left 
atrium_fig4_222187518 
26 Google Image Search. “Color Doppler”, http://www.biogenicdiagnostics.com/ 
27 Strom, Joshua. Small Animal phenotyping. Cardiovascular Biology and Disease. University of Arizona. Spring 2019 

B-Mode24 M-Mode25 Color Doppler26 

   

Figure 19: Echocardiography Diagram 

Strom, Joshua. Small Animal phenotyping. Cardiovascular Biology 
and Disease. University of Arizona. Spring 2019 
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gel to the chest and using a handheld transducer to run across the area to scan the heart. An ICE, 

or intracardiac echocardiogram, is not as commonly used as these images are taken from inside 

the heart by placement of catheters through the arteries. A TEE, transesophageal 

echocardiogram, is an alternative invasive method that is approached by passing the ultrasound 

probe down into the patient’s mouth and down the esophagus post sedation. The proximity of the 

esophagus to the upper chambers of the heart allow for clear images to be obtained and avoids 

passing through membranes such as the skin in an ICE. This is also an ideal method for patients 

who may have interference with lungs or fat tissue obstructing a clear view with a standard 

echocardiogram. Doppler echocardiography is a way of measuring the velocity of blood in the 

chambers and can be used to measure blood flow. A doppler echo can have various modalities 

such as a continuous wave (CW), pulsed wave (PW), color flow (CF), and tissue doppler.28 

Colors in a doppler indicate the direction of blood flow with blue representing blood flowing 

away and red indicating blood moving towards the receiver. Pulsed-wave doppler can indicate 

the direction as well as the velocity of blood flow and can be useful in assessing efficiency of 

flow through different heart structures. Tissue doppler can indicate tissue movement and velocity 

and can be a measure of contraction rate or indication of abnormal structural movement, such as 

untimely movement of an insufficient mitral valve.29 In diagnosing MR, either a TTE or TEE 

may be used. TTE reveals chamber size as well as pulmonary artery pressure and is sufficient in 

diagnosis, however, a TEE may provide a more detailed image and can often be used during a 

follow up.30 

                                                           
28 "Types." Stanford Health Care (SHC) - Stanford Medical Center. https://stanfordhealthcare.org/medical-
tests/e/echocardiogram/types.html. 
29 "Diagnosing and Managing Mitral Regurgitation: Journal of the American Academy of PAs." LWW. 
https://journals.lww.com/jaapa/Fulltext/2017/06000/Diagnosing_and_managing_mitral_regurgitation.3.aspx. 
30 "Transesophageal Echocardiography (TEE)." Www.heart.org. https://www.heart.org/en/health-topics/heart-
attack/diagnosing-a-heart-attack/transesophageal-echocardiography-tee. 
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6.1 PISA method for Mitral Insufficiency Assessment 

PISA stands for Proximal 

isovelocity surface area. This is a 

useful technique in using a color 

doppler image to calculate the 

severity of regurgitation in the left 

atrium. The concept revolves 

around the fluid dynamic theory 

that predicts that the motion of a 

jet of fluid approaching a circular 

orifice forms a concentric sphere. 

As blood flows from the left atrium 

to the left ventricle, the blood should theoretically form a spherical shape as it enters. Using 

doppler imaging and measuring the radius of the hemisphere formed, we can calculate the 

effective regurgitant orifice area (EROA), the narrowest portion of the regurgitant jet which can 

be used as a useful measure of regurgitation severity.31 The radius of the hemisphere is used to 

calculate the surface area (PISA) which is then used to calculate EROA as in the equation in 

figure 20. This measure can be used as a measure in ranking and distinguishing mild, moderate, 

and severe mitral regurgitation as seen in table 1 below. We will be using EROA as a measure to 

indicate severity of MR in a cohort study. 

 

                                                           
31 Admin. "12.7 Quantification of Mitral Regurgitation." 123sonography. January 08, 2019. 
https://www.123sonography.com/ebook/quantification-of-mitral-regurgitation. 

Figure 20: PISA Method of Calculating EROA 
https://cellcode.us/quotes/mitral-regurgitation-severity.html 
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7 Treatment 

Treatment for mitral insufficiency will vary depending on the severity. Mild regurgitation 

may not require treatment but may need to be closely monitored and lifestyle changes may be 

suggested to prevent further damage of the mitral valve.  

Diuretics can be administered to lower blood volume and relieve lung edema in severe 

cases of mitral regurgitation. An issue with regurgitation is that turbulence of the blood disrupts 

laminar flow and increases the collision of platelets. This disruption can activate coagulation 

factors and blood may begin to clot creating a threat of blockage or exacerbated heart condition 

as thicker blood requires more pressure force to be ejected.33 Thus, anti-platelet medication can 

be used to prevent these clots, especially in arrhythmic conditions.  

Beta blockers are also prescribed to decrease heart rate in order to allow for greater 

diastolic filling to compensate for reduced EF. By slowing the heart rate, this allows more time 

for the ventricles to fill with blood before contraction begins and it is ejected. Beta Adrenergic 

stimulation of cardiomyocytes increases calcium cycling within the cell. The cascade not only 

                                                           
32 "Classification of Valve Stenosis and Regurgitation." ECHOpedia. 
https://www.echopedia.org/wiki/Classification_of_valve_stenosis_and_regurgitation. 
33 Brown, Corrie. Thrombosis. 
https://vet.uga.edu/ivcvm/courses/VPAT5200/01_circulation/thromb/thrombosis02.html 

Table 1: Criteria for MR Severity Evaluation32 
 Mild Moderate Severe 
Regurgitant Volume (ml/beat) < 30 30-44, 45-59 > 60 
Regurgitant Fraction (%) < 30 30-39, 40-49 > 50 
EROA (cm2) < 0.20 0.20-0.29, 0.30-0.39             > 0.40 
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causes increased contraction due to 

calcium binding to troponin-C, but also to 

the stimulation of calcineurin which in turn 

acts as an activator for transcriptional 

pathways that turn on a hypertrophic 

response.34 By blocking the beta-

adrenergic receptor, excess contractility as 

well as hypertrophic cardiac remodeling is 

prevented. Such treatment would likely be 

necessary at severe stages of MR where 

hypertrophy has led to cardiomyopathy. Carvedilol is a common medication used however others 

such as bisoprolol and metoprolol have also been utilized in studies.35  

ACE inhibitors can also be used to decrease blood volume by affecting the renin-

angiotensin-aldosterone (RAA) system.36 ACE stands for angiotensin-converting enzyme and it 

converts angiotensin I to angiotensin II which in turn affects the kidneys to increase aldosterone 

secretion. Increase in aldosterone results in the conservation of sodium in the renal system and 

thus, a greater retention of water. By blocking ACE, sodium retention is not initiated, thus 

keeping blood volume low and preventing excessive pressure buildup in the heart chambers.37  

                                                           
34 Konhilas, John. “CaRegulation II” Cardiovascular Biology and Disease. University of Arizona. Spring 2019.  
35 ibid. 
36 Molkentin, J. D., J. R. Lu, C. L. Antos, B. Markham, J. Richardson, J. Robbins, S. R. Grant, and E. N. Olson. "A 
Calcineurin-dependent Transcriptional Pathway for Cardiac Hypertrophy." Cell. April 17, 1998. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4459646/. 
37 "What Do ACE Inhibitors Do for Heart Health?" Mayo Clinic. January 09, 2019. 
https://www.mayoclinic.org/diseases-conditions/high-blood-pressure/in-depth/ace-inhibitors/art-20047480. 

Figure 21: Beta Adrenergic Calcineurin-Dependent Transcriptional 
Pathway in Cardiac Hypertrophy 
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Surgery candidacy is often evaluated with LV ejection fraction. Those with an EF of less 

than 30% are strongly urged to undergo surgical valve repair or replacement, however 

asymptomatic patients with EF of 30-60 and dilated end systolic diameter of more than 40 mm 

can be also be considered potential candidates.40 Currently, robot-assisted, minimally invasive 

mitral valve repair is an alternative to the traditionally performed open-chest surgeries which can 

reduce the chest incision and overall risk of the procedure. In such robot-assisted procedures, a 

heart-lung bypass is used to allow for the insertion of the surgical instruments through the 

thoracic wall. From there, the valve may be repaired through reconstruction or completely 

                                                           
38 "Mitral Valve Repair and Mitral Valve Replacement." Mayo Clinic. February 15, 2019. 
https://www.mayoclinic.org/tests-procedures/mitral-valve-repair-mitral-valve-replacement/about/pac-20384958. 
39 Pick, Adam. ""Where Does The Mitral Valve Replacement Go?" Asks Diane." Adam's Heart Valve Surgery Blog. 
https://www.heart-valve-surgery.com/heart-surgery-blog/2010/07/13/mitral-valve-replacement-stitches-diagram-
suture/. 
40 "Diagnosing and Managing Mitral Regurgitation: Journal of the American Academy of PAs." LWW. 
https://journals.lww.com/jaapa/Fulltext/2017/06000/Diagnosing_and_managing_mitral_regurgitation.3.aspx. 

  

 

Figure 22: Mitral valve repair and 

annuloplasty38 

Figure 23: (Left) Mechanical and biological valve replacement options; (right) 

heart valve replacement surgery39 
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replaced with a mechanical or bioprosthetic valve. In mitral valve repair, a prolapsed or 

misfolded valve leaflet can be corrected by removing excess tissue and reconnecting the leaflets 

to reform a tight seal (as seen in the top image of figure 22). This alternation often needs 

reinforcement with a ring around the valve to help maintain the shape, a procedure called 

annuloplasty as seen in the bottom image of figure 22.41 Another method for surgical 

intervention is catheterization in which a thin tube is inserted into an artery and guided along the 

vessel to the mitral valve. One such procedure inserts a clip to the catheter to reshape the mitral 

valve or to insert a plug that can remedy the leakage.42 However, in severe cases, complete 

replacement of the valve may be warranted. This involves excising the valvular tissue and 

inserting either a mechanical plastic or metal valve, or a bioprosthetic one from cow, pig, or 

human heart tissue (as seen in the left image of figure 23). The prosthetic valve replacement is 

then sutured in place as seen in the right image of figure 23.  Results between mechanical and 

bioprosthetic valves each have their own potential set of risks. A mechanical valve increases the 

risk of developing thrombi as the abrasion of blood against the non-organic material can cause 

turbulence and may activate platelets and risk coagulation. As such, anticoagulants are often 

prescribed after a valvular replacement to combat the risk of thrombosis. Bioprosthetic tissue 

poses the risk of antibody recognition and a subsequent cross-reactive attack leading to tissue 

rejection. In such cases, immunosuppressants may need to be taken post operatively on a regular 

interval which can pose its own set of risks.  

 

                                                           
41 "Mitral Valve Repair and Mitral Valve Replacement." Mayo Clinic. February 15, 2019. 
https://www.mayoclinic.org/tests-procedures/mitral-valve-repair-mitral-valve-replacement/about/pac-20384958. 
42 "Diagnosing and Managing Mitral Regurgitation: Journal of the American Academy of PAs." LWW. 
https://journals.lww.com/jaapa/Fulltext/2017/06000/Diagnosing_and_managing_mitral_regurgitation.3.aspx. 
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7.1 Prevention and Risk Factors 

Primary MR is not usually considered preventable as it is commonly caused by onset of 

old age and stress on the valve over time. Prevention of secondary RM is highly recommended 

by following precautions also recommended for preventing ischemic heart disease and failure. 

Diet and exercise are both crucial in maintaining healthy arteries and prevent blockage that may 

lead to ischemia of heart tissue. Risk factors include age, history of heart disease or previous 

heart attack episodes, rheumatic fever, congenital disorders, rheumatic cardiovascular disease, 

tobacco use, alcohol use, and hypertension.43 Preventing infection and rheumatic disorders can 

sometimes involve antibiotic administration.  

8 Interatrial Block (IAB) and Mitral Regurgitation 

 Interatrial block (IAB) is defined as the delayed conduction between the right and left 

atrium. It is divided into first, second and third-degree severities. First degree IAB is also known 

as partial IAB while third degree is advanced, and second degree is intermittent. IAB can be 

caused as a result of ischemic or inflammatory degeneration due to a variety of factors as well as 

dilation and stretching of the atrial wall due to cardiomyopathy.44 As such, it has been a question 

of the degree to which IAB and mitral regurgitation influence each other as co-morbidities. Since 

severe MR can lead to atrial dilation, it is reasonable to hypothesize the development of IAB in 

exacerbated valvular insufficiency. Partial IAB is defined as a P-wave duration ≥120 ms and 

advanced IAB features a similarly prolonged P-wave duration as well as biphasic morphology in 

                                                           
43 "Mitral Valve Regurgitation." Mayo Clinic. April 13, 2018. https://www.mayoclinic.org/diseases-
conditions/mitral-valve-regurgitation/symptoms-causes/syc-20350178.  
44 Chhabra, Lovely, Ramprakash Devadoss, Vinod K. Chaubey, and David H. Spodick. "Interatrial Block in the 
Modern Era." Current Cardiology Reviews. August 2014. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4040870/. 
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inferior leads (in this case II, III, and IV).45 The extended P-wave duration signifies the 

prolonged delay of the electrical signal across the atria before reaching the ventricles to cue the 

QRS complex. Such delays can result in arrhythmias and further exacerbate the hemodynamics 

already effected by cardiac structural disorders.  

Part III Analysis of Hong Kong Mitral Regurgitation Patients  

9 Hong Kong Demographics 

 The island and greater territories of 

Hong Kong sit at the Southern Chinese coast 

near Guangdong Province touching the South 

China Sea. The collection of islands, including 

Hong Kong and Kowloon Islands as well as the 

inland New Territories make up this unique, 

Special Administrative Region in the 

People’s Republic of China. 93.8% of the 

population is ethnically Chinese with the 

remaining 6.2% consisting of other 

traditionally foreign ethnicities to the region. 

The population pyramid shown in figure 25 

reflects the decreasing birth rate, now only at 

0.87%. This is a trend seen around the world 

in developed countries and poses further 

                                                           
45 Ibid. 

Figure 25: Hong Kong Age and Gender Pyramid - 2016 
https://en.wikipedia.org/wiki/File:Bev%C3%B6lkerungspyramide_Hongkong_2016.png 

 

Figure 24: Hong Kong Map 
http://www.phespirit.info/places/2003_03_hongkong_map.htm 
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questions to our approach to medicine as the geriatric population soars above any previous 

numbers the world has ever seen. It is predicted that 26.8% of the population will be over the age 

of 65 in 2033. With such a rate, it is clear that the aging population of Hong Kong is reaching its 

peak and that the demand is rapidly rising for treating cardiac disorders that are common with 

increasing age, including mitral regurgitation.  

 

Table 2 summarizes the general population 

distributions of Hong Kong in 2019. With 

increasing average life expectancy on the rise, 

it is also more likely that there will be an 

increased rate of disease cases as people reach 

older ages. 

9.1 U.S. Demographics 

The United States has a similar growth 

rate to Hong Kong at around 0.9%, however, 

this rate remains steady indicating that the 

U.S. has not yet reached the trend of an aging 

                                                           
46 "Hong Kong Population 2019." Hong Kong Population 2019 (Demographics, Maps, Graphs). 
http://worldpopulationreview.com/countries/hong-kong-population/. 

Table 2: Hong Kong Population Demographics 2019 46 

 
Population %Male %Female Median Age Average Life Expectancy 

(2011) 

Density (people /km2) Growth 

Rate 

7,490,776 45.78% 54.22% 44.4 Women: 86.7 Men: 80 6,785.12 0.83% 

Figure 26: U.S. Population Pyramid 2017 

https://populationpyramid.net 
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majority population.47 Figure 26 shows the steady ratio of those under 65 to those above. 

However, it is important to note that with a population of 328 million (2019), there is a 

considerable elderly population and with time, the population growth rate is also expected to 

follow as similar trend to Hong Kong.48 

9.2 Importance of International Research  

In the United states, MR is the most common valvular disorder seen as people grow 

older. Fewer than 1% of patients under the age of 55 are diagnosed with MR while 9% of those 

75 and older are. A majority of those diagnosed are women and the leading cause is mitral valve 

prolapse as compared to other causes. Interestingly enough, characteristics such as a lower body 

mass index (BMI) has been shown to be associated with MR. Likewise, the prevalence of 

cardiovascular disease in Hong Kong has increased since 1972 from 38.6% to 59.4% in 1992.49 

Both countries face similar issues in approaching treatments and epidemiologic approaches in 

reducing these rates. As such, by studying international populations with a larger percentage of 

elderly patients more likely to have cardiovascular complications with age, we can apply this 

knowledge in treatment approaches globally. There is a greater demand to address such issues in 

populations where more people face the same issues and thus, international collaboration is an 

effective method to solve a mutual dilemma. Furthermore, the U.S. is an ethnically 

heterogeneous country. By studying other ethnic populations, we can gain further insight to how 

similarities and differences in pathology manifestation.  

                                                           
47 "United States Population 2019." United States Population 2019 (Demographics, Maps, Graphs). 
http://worldpopulationreview.com/countries/united-states-population/. 
48 "United States Population 2019." United States Population 2019 (Demographics, Maps, Graphs). 
http://worldpopulationreview.com/countries/united-states-population/. 
49 Fu, F. H. "The Prevalence of Cardiovascular Disease Risk Factors of Hong Kong Chinese." The Journal of Sports 
Medicine and Physical Fitness. December 2001. https://www.ncbi.nlm.nih.gov/pubmed/11687769. 
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10 Prince of Wales Hospital Study 

As part of an effort to elucidate understanding of MR prevalence and co-morbidities in 

Hong Kong, I collaborated with Dr. Gary Tse’s research team of the Department of Medicine 

and Therapeutics under The Summer Undergraduate Research Program (SURP) at the Chinese 

University of Hong Kong (CUHK). The project was a collaboration with the Prince of Wales 

Hospital in Sha-Tin District and consisted of surveying medical history of patients diagnosed 

with mitral regurgitation focusing on demographics and co-morbidities.  

 

Abstract 

Medical history and demographics of patients diagnosed with mitral regurgitation at the 

Prince of Wales Hospital in Sha-Tin District, Hong Kong, were surveyed and analyzed to search 

for prevailing trends and co-morbidities that could potentially influence the prevalence of the 

functional heart disorder. We studied n = 332 patients (n = 183 men, n = 149 women; mean age: 

63 years). Of these patients, 40% had mild MR, 37% developed moderate MR and 23% had 

severe MR. A total of 112 subjects (33.7%) had normal P wave, 142 (42.7%) had partial IAB, 

and 78 (23.5%) had advanced IAB. Notably, in all severity levels, women had a lower average 

age at MR diagnosis suggesting greater risk of CVD for the female sex.  

 

Methods 

Patients with diagnosed mitral regurgitation were screened using the Clinical 

Management System (CMS) at the Prince of Wales Hospital. The following factors were 

recorded: basic demographics such as sex, age, BMI, and smoking status; p-wave duration and 

morphology of inferior leads from patient EKGs; echocardiogram TEE/TTE derived effective 
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regurgitated orifice area (EROA) values; medications such as antiplatelets, anticoagulants, and 

antihypertensives; presence of co-morbidities such as left ventricular hypertrophy (LVH), 

hypertension, diabetes mellitus, hypercholesteremia, ischemic heart disease, and cardiomyopathy 

other than LVH; and clinical outcomes including stroke and death. The final cohort that matched 

the criteria of diagnosed MR was n = 378, however, 46 patients were discarded from the study 

for not having an EKG on file or for unreadable EKGs. All identifiable information such as name 

and ID were removed in the analysis of the data. 

 

P-wave duration values were 

measured by digital amplification of 

patients’ digital 12 channel EKGs 

showing Leads V1-V6 (figure 27). 

Biphasic morphology was determined 

if a P-wave increased in amplitude and 

then decreased below the resting 

threshold before coming back to 

threshold for the QRS complex. These 

values were used to assess interatrial block severity and was determined based on a duration 

greater than 120 ms for partial IAB and a combination of prolonged P-wave duration with 

biphasic morphology in leads II, III, and aVF for advanced IAB. Thus, each patient was 

categorized for clinical outcomes of normal P-wave, P-IAB, or A-IAB. Only patients with sinus 

rhythm were selected for the demographic analysis as EKG P-waves are absent or abnormal in 

patients with atrial fibrillation.  

Figure 27: A sample EKG using computer software to 
measure P-wave durations.  
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Precalculated EROA values were used to assess mitral regurgitation severity based on the 

criteria outlined in table 1 (reproduced below).  

 

 

 

 

 

The various co-morbidities were then analyzed for frequency among the different patient 

groups, organized by MR severity for both men and women, just men, and just women to look 

for trends and correlations.  

 

Results 

Table A shows a summary of the cohort distribution by gender and mean age. A higher 

percentage of males than females met the criteria for selection and also had a greater mean age 

than women.  

 

Table 1: Criteria for MR Severity Evaluation 
 Mild Moderate Severe 
Regurgitant 
Volume (ml/beat) 

< 30 30-44 45-59 > 60 

Regurgitant 
Fraction (%) 

< 30 30-39 40-49 > 50 

EROA (cm2) < 0.20 0.20-0.29 0.30-0.39 > 0.40 

Table A. Cohort Distribution 

 Total Males females 

 332 183 (55) 149 (45) 
Mean Age 63 64 61 



38 
 

 

 

 

Table B is a summary of the number of patients and corresponding percentage shown in () 

parenthesis with different co-morbidities divided by mild, moderate, and severe MR severity as 

well as gender. Notable findings showed that a total of 112 subjects (33.7%) had normal P wave, 

142 (42.7%) had partial IAB, and 78 (23.5%) had advanced IAB.  

 

 

Table B. Baseline characteristics of mitral regurgitation cohort, categorized by MR severity  
 MR Severity  
Total Cohort n = 332 Mild Moderate  Severe 

 Total Male Female Total Male Female Total Male Female 

 n = 134 (40) n = 71 n = 63 n = 122 (37) n = 59 n = 62 n =76 (23) n = 52 n = 24 
Demographics            
Average Age, years 64 66 62 62 64 60 60 61 58 
Average BMI 24 24 23 24 23 24 23 25 20 
Smoking 46 (34) 39 (55) 7 (11) 33 (27) 27 (46) 6 (9.5) 21 (28) 18 (35) 3 (13) 
Co-morbidities             
Hypertension 72 (54) 44 (62) 28 (44) 64 (52) 36 (61) 28 (44) 30 (39) 22 (42) 8 (33) 
Diabetes mellitus 32 (24) 19 (27) 13 (21) 23 (19) 10 (17) 13 (21) 10 (13) 9 (17) 1 (4) 
Hypercholesterolemia 34 (25) 16 (23) 18 (29) 32 (26) 19 (32) 13 (21) 16 (21) 11 (21) 5 (21) 
Ischemic heart disease 50 (37) 34 (48) 16 (25) 51 (42) 29 (49) 22 (35) 20 (26) 12 (23) 8 (33) 
LVH 44 (33) 28 (40) 16 (25) 35 (29) 19 (32) 16 (25) 15 (20) 12 (23) 3 (13) 
Cardiomyopathy 109 (81) 59 (83) 50 (79) 100 (82) 50 (85) 50 (79) 56 (74) 36 (69) 20 (83) 
Medications            
Antihypertensives 103 (77) 58 (82) 45 (71) 85 (70) 46 (78) 39 (62) 48 (63) 32 (62) 16 (67) 
Antiplatelets 1 (0.7) 1 (1.4) 0 (0) 2 (1.6) 1 (1.7) 1 (1.6) 1 (1.3) 1 (2) 0 (0) 
Anticoagulants 18 (13) 12 (17) 6 (10) 15 (12) 4 (7) 11 (17) 10 (13) 6 (12) 4 (17) 
Clinical outcomes            
Stroke 22 (16) 10 (14) 12 (19) 14 (11) 6 (10) 8 (13) 8 (11) 6 (12) 2 (8) 
Death 20 (15) 13 (18) 7 (11) 12 (10) 8 (14) 4 (6.3) 7 (0.9) 6 (12) 1 (4) 
Normal P-wave 34 (25) 14 (20) 20 (32) 50 (41) 17 (29) 32 (52) 28 (37) 15 (29) 13 (54) 
P-IAB 62 (46) 35 (49) 27 (43) 47 (39) 27 (46) 20 (32) 33 (43) 25 (48) 8 (33) 
A-IAB 38 (28) 22 (31) 16 (25) 25 (20) 15 (25) 10 (16) 15 (20) 12 (23) 3 (13) 

            
Average EROA (cm2) 0.05 0.05 0.05 0.24 0.25 0.24 0.58 0.57 0.6 
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Table C is a reduced version of Table B, showing combined co-factors for both men and women 

to look at general trends with increasing MR severity. Trends were assessed based on percentage 

change amongst each group. Only factors that showed a consistent change in all three severities 

were noted.  

 

 

Table C. Baseline M&F Summary 
 Mild Moderate  Severe  

 Total Total Total  
 n = 134 n = 122 n =76 Trend Type 
Demographics       
Average Age, years 64 62 60     Decrease 
Average BMI 24 24 23  
Smoking 46 (34) 33 (27) 21 (28)  
Co-morbidities      
Hypertension 72 (54) 64 (52) 30 (39) Decrease 
Diabetes mellitus 32 (24) 23 (19) 10 (13) Decrease 
Hypercholesterolemia 34 (25) 32 (26) 16 (21) Decrease 
Ischemic heart disease 50 (37) 51 (42) 20 (26)  
LVH 44 (33) 35 (29) 15 (20) Decrease 
Cardiomyopathy 109 (81) 100 (82) 56 (74) Decrease 
Medications     
Antihypertensives 103 (77) 85 (70) 48 (63)  
Antiplatelets 1 (0.7) 2 (1.6) 1 (1.3)  
Anticoagulants 18 (13) 15 (12) 10 (13)  
Clinical outcomes     
Stroke 22 (16) 14 (11) 8 (11)  
Death 20 (15) 12 (10) 7 (0.9) Decrease 
Normal P-wave 34 (25) 50 (41) 28 (37)  
P-IAB 62 (46) 47 (39) 33 (43)  
A-IAB 38 (28) 25 (20) 15 (20)  
     
Average EROA (cm2) 0.05 0.24 0.58  
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Graph 1 shows the MR severity distribution for both men and women as depicted by 

table C. Frequency decreases with increasing severity.    

 

 

 

 

 

 

 

 

 

 

Graph 2 shows the percentages of patients that were ranked for IAB. A majority of the 

patients had some form of IAB with most having developed partial IAB.  
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Graph 3 shows the average age 

of patients with increasing MR 

severity separated by gender. 

Overall, females had a lower 

average age of developing any 

severity of MR than men and the 

average age of the cohort 

decreased with increase in 

severity for both genders. 

 

 

Graph 4 shows the average 

effective regurgitant orifice area, 

a measure expected to increase 

with increasing MR severity by 

gender. Average EROA was 

similar between genders within 

the severity groups.   
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Discussion 

From the selected cohort, average age for patients seemed to decrease with increasing 

MR severity. This seemed counterintuitive as more severe MR is usually attributed to older age. 

However, this may be attributed to greater mortality at this severity level. It is possible that 

patients who are diagnosed with severe MR are more difficult to treat and are likely in later 

stages of heart failure, thus, recorded ages from the cohort were overall younger.  

Females had a lower overall average age across all severities as compared to men 

indicating an earlier onset of valvular disease. Menopause may be a potential factor in why this 

is so as heart disease occurrence has been shown to be positively correlated with menopause.50 

As discussed on earlier, adrenergic stimulation can play a crucial role in calcium cycling and 

thus can affect genetic expression. Potential imbalances in adrenergic signaling may lead to 

downstream changes in gene regulation that could lead to accelerated cardiomyopathic 

remodeling.  

BMI did not seem to significantly change throughout the cohorts, but there seemed to be 

an overall decrease in smokers as severity increased. This may be due to medical intervention 

and advisement to quit smoking as the onset of cardiovascular disease set in.  

Many co-factors decreased with increasing severity. This includes hypertension, 

hypercholesterolemia, and left ventricular hypertrophy. Hypertension was overall higher 

amongst men at all levels of MR severity than women, mild MR overall indicated a higher 

percentage of hypertension as compared to severe MR. This as well as other co-morbidities that 

decrease in frequency may be due to the medical intervention enacted. This is especially 

                                                           
50 Stöppler, Melissa Conrad. "Menopause Treatment, Signs, Symptoms & Age." MedicineNet. 
https://www.medicinenet.com/menopause/article.htm#what_are_the_signs_and_symptoms_of_menopause. 
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noticeable as most patients were placed on antihypertensives. A greater number of patients, both 

men and women were placed on antihypertensives early in MR severity to help prevent further 

exacerbation. We see a decrease in the percentage of patients on antihypertensives as MR 

severity progressed likely due to the prevalence of developed cardiomyopathy such as dilation 

where decreasing blood volume would lower cardiac output even more. Antiplatelets were 

seldom used across the board. Extraneous factors such as valve replacements were not measured 

but could be a reason for using antiplatelet therapy. Anticoagulants were more commonly used 

and did not show any specific trend across MR severity level.  

Stroke and death affected men slightly more than women in all three groups with 

exception to stroke in mild MR for females. Although the cause of death was not measured, these 

values may or may not be attributed to MR severity. It is difficult to depict any trend without 

understanding more information about the nature of the death in each case.  

 It was interesting to note that a majority of the cohort developed IAB, with most in partial 

IAB. To understand the details of the mechanism and to what degree IAB influences MR 

severity and vice versa, an animal model study could be conducted to compare initial 

development of IAB and monitoring for MR changes and comparing this to a group with induced 

MR and monitoring for IAB developments. It is difficult to use cohort patient data to assess 

causation due to the myriad of other factors that could have caused either IAB or MR. 

Furthermore, the overview did not look at occurrence sequence, whether IAB was diagnosed 

before MR or vice versa.  
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Conclusion 

 Ultimately, this study proved to be a practical application of surveying potential factors 

and co-morbidities that can influence cardiac valvular health. Although the nature of the study 

was more demographic and descriptive in nature, it showed potential trends in occurrence rates 

which could be explained by active medical intervention in a developed country and active 

research community.  A decrease in most co-morbidity percentages followed with increased MR 

severity indicating the potential effects of regular hospital intervention. Hong Kong is one of the 

world’s developed nations economically and is a global leader in medical research. As such, 

awareness of disease progression and intervention may be higher than in other countries. The 

survey indicated that over all MR severities, women have an earlier average onset of MR than 

men which can be indicated as an inevitable risk factor difference between the genders.  

 

Study Limitations 

At the time of collecting the data, there were discrepancies between TEE charts and 

doctors’ notes which had to be reconciled. The data was taken twice and readings off most recent 

dates were taken over previous measurements if there were discrepancies after the second data 

screening. Additionally, not all entries may have been up to date as certain patients may not have 

had an updated TEE or may have even changed hospitals. Furthermore, not all echocardiograms 

were TEEs and certain methods of calculating EROA may have differed. As such, the 

classification of MR severity could have been supported further with an alternate method of 

measuring volume of regurgitated blood. 
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Part IV Reflection 

Going abroad to participate in CUHK’s undergraduate research program was my first 

experience in clinical research. Previous work with the USDA was riddled with genomics and 

molecular biology experiments, however, the two-month summer program led me to a new set of 

obstacles. Ethics regarding patient information and data distribution are a very important 

consideration to take into account when selecting a database cohort. At the time of my venture to 

Hong Kong, I had only a basic understanding of the heart and understanding the reasons for 

collecting the different co-factor data came as a challenge. It was not until taking Dr. Cohen’s 

Cardiovascular Physiology course and the UA Department of Physiology’s Cardio Biology and 

Disease class that I finally uncovered all the missing pieces in understanding the wholistic 

picture of cardiovascular disease.   

Being abroad in Hong Kong was not my first venture to the East. As a dual degree major 

in both physiology and Chinese language with the East Asian Studies Dept., I strived to immerse 

myself in learning Mandarin in Taiwan and later while studying Traditional Chinese Medicine in 

Mainland China. Coming to Hong Kong, I knew that Cantonese was the dominant language, yet 

I was astounded at the multifaceted linguistic setting I found myself in. The CMS database was 

of limited access to students and could only be accessed based on availability and permission of 

the staff for clearance. As such, I found myself getting very aquatinted with various floor levels 

as I shuffled to different rooms to access the database. One morning would be in the quaint 

doctors’ quarters and the next would be in the bustling intensive care unit. Whilst accessing the 

EKG database only available in the ICU, I was faced more than one action with a sudden surge 

of patients and family coming in. On many of those days I found myself lifting my head from the 

EKGs on the screen to see someone over the desk asking me in Cantonese where a room was 
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located. I would reply to them in Mandarin and we would both nod in acknowledgement. I 

realized just how dynamic the communication culture of Hong Kong’s diverse society was. 

Walking through the metropolis and seeing the fusion of British culture with Chinese was what 

was unique from anything I have ever experienced. From the double decker buses, to the fusion 

of English influenced milk tea and Chinese dim sum, and even the very name of the hospital: 

Prince of Wales, showed me the unique Hong Kong identity. It was a pleasure and honor to work 

so closely to the people of Hong Kong and to lean about this place through language, culture, 

and medicine. 

Part V Picturesque Memories 
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Prince of Wales Hospital and Lam Tai Fai College 
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