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ANOTACE 

Tato bakalářská práce je v podstatě literární rešerší různých článků o významu MRI v 

diagnostice chlopenních srdečních chorob, jako je stenóza a regurgitace. Dále odlišuje MRI od 

jiných technik, jako je CT a echokardiografie. 
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TITLE 

The role of MRI in the evaluation of valvular heart disease 

 

ABSTRACT 

This bachelor thesis is a literature review of different articles about the importance of MRI in 

diagnosing valvular heart diseases such as stenosis and regurgitation. It further differentiates 

MRI from other techniques such as CT and echocardiography. 

KEYWORDS 

VHD, Valve stenosis, Valve regurgitation, CMRI, valve Imaging techniques, valve ultrasound, 

valve echocardiography, valve CT, detailed image 
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INTRODUCTION 

The heart is a muscular organ located behind and slightly left of the breastbone. It pumps blood 

through the network of arteries and veins called the cardiovascular system. It has four valves 

that keep blood moving through the heart in the right direction. The tricuspid, pulmonary, 

mitral, and aortic valves have tissue leaflets that open and close when the heartbeats. Leaflets 

ensure the right blood flows throughout the body. As the heart muscle contracts and relaxes, 

the valves open and shut, letting blood flow into the ventricles and atria at alternate times 

(Matthew 2021). 

Heart valves can have regurgitation and stenosis simultaneously, and more than one heart valve 

can be affected simultaneously (Cheung et al., 2015). When the heart valves fail to open and 

close properly, implications for the heart can be serious, possibly hampering the heart’s ability 

to pump blood adequately through the body. Heart valve problems are one of the causes of heart 

failure (Sommer et al., 2012). Valvular heart disease evaluation can be achieved with chest 

radiography, electrocardiography, echocardiography, computed tomography, and cardiac 

magnetic resonance (Maganti et al., 2010).  

Statistically, more than 2% of people between the age of 62-86 suffer from VHD, whereby 

45.7% endure heart valve stenosis. Studies show that stenosis is more common than 

regurgitation since only 26.6% of people suffer from regurgitation (Iung et al., 2019). 

This thesis will have two parts. The first part, the theoretical part, will primarily focus on heart 

valve anatomy, current knowledge of heart valve malfunctions and their leading causes, and 

main examination methods for evaluating valvular heart diseases. The second part, the literature 

review part, will be based on n literature search to understand the role of CMRI in assessing 

valvular heart diseases and comparing it to other alternative medical imaging techniques such 

as CT, echocardiology, and ultrasound. 

The current study seeks to investigate and describe the role of magnetic resonance imaging 

(MRI) as a tool used to diagnose valvular heart diseases in humans. 
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1 GOALS AND METHODOLOGY OF THE WORK 

 

1.1 Aim of the thesis 

The objective of the theoretical part of the thesis is to describe basic terms and diseases 

mentioned in the review part of the thesis. 

1.2 Methods to achieve the goal 

The methodology of this work is the literature review with background review questions. The 

chosen databases will be PubMed, NCBI, Google Scholar, Science direct, and keyword search, 

known as PICO and search strategy technique to help compile and narrow down the most 

important articles. 
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THEORETICAL PART 

2 HEART 

The heart contracts and expands rhythmically and involuntarily to pump blood around the body. 

The heart consists of four chambers, two atriums known as upper chambers and two ventricles 

known as lower chambers. It also consists of four valves through which blood passes before 

leaving each heart chamber and serves as one-way outlets of blood that prevent the backward 

flow of blood. The four valves are: 1. Tricuspid valve (located between the right atrium and 

right ventricle), 2. Pulmonary valve (located between the right ventricles and pulmonary artery), 

3. Mitral valve (located between the left atrium and left ventricle) and 4. Aortic valve (located 

between left ventricle and aorta (Myerson, 2012). Standard valves have three flaps except for 

the mitral valve, which has two flaps that open and close to allow blood to flow (John et al., 

2003). As the heart muscle contracts and relaxes, the valves open and close, letting blood flow 

into the ventricles and atria alternately. Healthy valve flaps can fully open and close the valves 

compared to diseased valves. 

The heart is a muscular organ that serves two main functions (1) to collect deoxygenated blood 

from the body and pump it to the lungs and (2) to collect oxygenated blood from the lungs and 

pump it to the rest of the body Weinhaus et al., 2005). In humans, the heart is shaped and sized 

like a human’s fist and lies in the protective thorax, posterior to the sternum and costal cartilage, 

and rests on the superior oblique position in the thorax (Weinhaus et al., 2005). The heart is 

found covered in a special loose-fitting inextensible sac called pericardium that consists of two 

parts: a fibrous portion and a serous portion. The sac is made up of tough white fibrous tissue 

but is lined with a smooth, moist serous membrane which subsequently covers the outer surface 

of the heart. This covering layer is also referred to as the visceral layer of the serous pericardium 

or the epicardium. The fibrous sac attaches to the large blood vessels that emerge from the top 

of the heart (Brant and Helms, 2012). Therefore, it fits loosely around the heart, with a slight 

space between the visceral layer adhering to the heart and the parietal layer adhering to the 

inside of the fibrous sac. This space is known as the pericardial space and contains 

approximately 15 ml of pericardial fluid, a vital lubricating fluid secreted by the serous 

membrane. The fibrous pericardial sac, a well-lubricated lining, provides protection against 

friction. Hence, the heart moves easily in the loose-fitting jacket with no danger of irritation 

from friction between the two surfaces if the serous pericardium remains normal through the 

continuous production of serous fluid (Patton and Thibodeau, 2014).  
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The heart forms part of the cardiovascular system and a closed system of vessels called arteries, 

capillaries, and veins (Peate, 2020). Blood contained in the circulatory system is pumped by the 

heart around a closed circle or circuit of vessels as it passes continuously through the various 

circulations of the human body. The internal anatomy of the heart reveals four chambers 

composed of muscle or myocardium. The two upper chambers (or atria) serve as collecting 

chambers, while the two lower chambers (known as ventricles) are much more robust and 

function to pump blood. Furthermore, ventricles are considered the primary pumping chambers 

of the heart due to the increased force needed when pumping blood and farther distance 

(Goulbourne et al., 2003). The left chambers are separated from the right chambers by a septum, 

an extension of the heart wall. The significant role of the right atrium and ventricle is to collect 

blood from the body and pump it to the lungs, while the part of the left atrium and ventricle is 

to collect blood from the lungs and pump it throughout the body (Weinhaus et al., 2005). A set 

of four valves maintains the one-way flow of blood through the heart. The atrioventricular 

valves (tricuspids and bicuspids) allow blood to flow only from the atria to the ventricles. 

Semilunar valves (pulmonary and semilunar) allow blood to flow only from the ventricles out 

of the heart and through the great arteries. 

 

2.2 Heart valves 

Structures that permit the flow of blood in one direction are known as blood valves, which 

necessitate the heart to act as a pump that forces the continuous blood flow. Therefore, four 

essential valves are of importance to the normal functioning of the heart. Heart valves guard 

the openings between the atria and the ventricle, and two of these valves are known as 

atrioventricular (AV) valves. Figure 1 below depicts the four heart valves. 

 



17 

 

 

Figure 1 The four heart valves (Source Leo et al., 2006.) 

 

2.2.1 Tricuspid valve 

This is located between the right atrium and the right ventricle. According to Weinhaus et al. 

(2005), blood is pumped from the right atrium through the atrioventricular into the right 

ventricle. When the right ventricle contracts, blood is prevented from flowing back into the 

atrium by the ventricular valve or tricuspid (“three cusps”) valves. The valve consists of the 

annulus, three valvular leaflets, three papillary muscles, and three sets of chordae tendineae. 

The tricuspid valve has three leaflets: anterior (superior), posterior (inferior), posterior 

(inferior), and septal. The leaflet is the largest and extends from the medial border of the 

ventricular septum to the anterior free wall. Papillary is attached to the leaflets to secure them 

in place in preparation for contraction of the ventricle. The leaflets remain relatively close 

together even during ventricular filling. As the filling of the ventricle reduces, the valve leaflets 

float toward each other, but the valve does not close. The valve is closed by ventricular 

contractions, and the valve leaflets, which bulge toward the atrium but do not prolapse, stay 

pressed together throughout ventricular contraction (Weinhaus et al., 2005). 
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2.2.2 Pulmonary valve  

This is located between the right ventricle and the pulmonary artery (Myerson, 2012). Blood is 

pumped from the right ventricle into the pulmonary trunk and arteries toward the lungs during 

ventricular systole. When the right ventricle relaxes, in diastole, blood is prevented from 

flowing back into the ventricle by the pulmonary semilunar valve. The semilunar valve is 

composed of three symmetric, semilunar-shaped cusps. Each cusp looks like a cup composed 

of a thin membrane. Each cusp acts like an upside-down parachute facing the pulmonary trunk, 

opening as it fills with blood. On complete filling, the three cusps contact each other and block 

the retrograde flow of blood. Each of the three cusps is attached to an annulus such that the 

cusp opens into the lumen, forming a U shape. The annulus is anchored to both the right 

ventricular infundibulum and the pulmonary trunk. The cusps are named according to their 

orientation in the body: anterior, left (septal), and right. 

 

2.2.3 Mitral valve  

The Mitral (Bicuspid) valve is located between the left atrium and the left ventricle. Blood is 

pumped from the left atrium through the left atrioventricular orifice into the left ventricle. When 

the left ventricle contracts, blood is prevented from flowing back into the atrium by the left 

atrioventricular valve or bicuspid ("two cusps") valve. The valve consists of the annulus, two 

leaflets, two papillary muscles, and two sets of chordae tendineae. The bicuspid valve has two 

leaflets: anterior (medial or aortic) and posterior (inferior or mural, "wall"). The two opposing 

leaflets of the valve resemble a bishop's hat or miter. Thus, the bicuspid valve is often referred 

to as the mitral valve (Weinhaus et al., 2005). As with the tricuspid valve, the leaflets remain 

relatively close together, even when the atrium is contracting and the ventricle is filling. 

 

2.2.4 The aortic valve 

The A is located between the left ventricle and the aorta (Myerson, 2012). During ventricular 

systole, blood is pumped from the left ventricle into the aortic artery to all of the tissues of the 

body. When the left ventricle relaxes in diastole, blood is prevented from flowing back into the 

ventricle by the aortic semilunar valve. Like the pulmonary semilunar valve, the aortic valve is 

composed of three symmetric, semilunar-shaped cusps; each cusp acts like an upside-down 

parachute facing the aortic artery, opening as it fills with blood. Like the pulmonary semilunar 

valve, the aortic valve is composed of three symmetric, semilunar-shaped cusps; each cusp acts 
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like an upside-down parachute facing into aortic artery, opening as it fills with blood. On 

complete filling, the three cusps contact each other and block the flow of blood. Each of the 

three cusps is attached to an annulus ("ring") such that the cusp opens into the lumen, forming 

a U-shape. The cusps are firmly anchored to the fibrous skeleton within the root of the aorta 

(Myerson, 2012). 

 

2.3 Heart Valvular Diseases 

Sometimes one or more of these valves do not function properly. When any valve in the heart 

has been damaged or is diseased, the condition is referred to as valvular heart disease. Heart 

valves can have one of the two malfunctions. The heart valves can be affected by (1) Stenosis 

(or narrowing of the valve) where the opening is too small and slows the flow of blood, (2) 

Regurgitation (or leakage of the valve) where incomplete closure of the valve causes leaks and 

back-flow of blood. These two lesions can affect the exact opening, thus constituting valvular 

heart disease (Maganti et al. 2010). 

 

2.3.1 Stenosis  

The valves opening becomes narrowed, or valves become damaged or scarred (stiff), inhibiting 

the flow of blood out of the ventricles or atria. The heart is forced to pump blood with increased 

force in order to move blood through the narrowed or stiff (stenotic) valves. The aortic valve is 

mostly affected. Aortic stenosis is usually caused by either degenerative calcification of a 

trileaflet valve or progressive stenosis of a congenital bicuspid valve (Maganti et al., 2010). 

Risk factors for the development of degenerative calcific aortic stenosis are like those for the 

development of vascular atherosclerosis, comprise diabetes, hypertension, smoking, and 

elevated levels of low-density lipoprotein cholesterol and lipoprotein. Obstruction of left 

ventricular (LV) outflow can also occur at the subvalvular level (discrete subvalvular 

obstruction, hypertrophic cardiomyopathy) or above the valve (supravalvular stenosis) (Bonow 

et al., 2011). The severity of aortic stenosis increases gradually over many years. However, the 

left ventricle adapts to the obstruction by increasing wall thickness while maintaining standard 

left ventricular chamber size. This serves as a compensatory mechanism to normalize the left 

ventricular wall stress and appears to be a critical determinant of ventricular performance in 

patients with aortic stenosis. In many patients, this compensatory mechanism cannot be 

maintained forever, and systolic function begins to decline as a result of the pressure overload. 
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If left ventricular systolic dysfunction is present, it often improves after aortic valve 

replacement. Eventually, stenosis becomes severe symptoms of angina, syncope, dyspnea, 

and/or heart failure develop. Once symptoms develop, prompt surgical intervention is required 

because the average survival is only 2 to 3 years, with an increased risk of sudden death 

(Maganti et al., 2010). 

 

2.3.2 Regurgitation  

 Regarding regurgitation (or leakage of the valves), valves do not close completely, causing the 

blood to flow backward through the valve. This results in leakage of blood back into the atria 

from the ventricles (in the case of the mitral and tricuspid valves) or leakage of blood back into 

the ventricles (in the case of the aortic and pulmonary valves). In the aorta, regurgitation results 

from abnormalities of the aortic leaflets, their supporting structures in the aortic root and 

annulus, or both, while mitral regurgitation may result from disorders of the valve leaflets 

themselves or from any of the surrounding structures that comprise the mitral apparatus 

(Maganti et al., 2010). 

Heart valves can have both malfunctions simultaneously with regurgitation and stenosis 

(Cheung et al., 2015). Also, more than one heart valve can be affected simultaneously. When 

heart valves fail to open and close properly, the implications on the heart can be serious, 

possibly hampering the heart's ability to pump blood adequately through the body. Heart valve 

problems are one of the causes of heart failure (Sommer et al., 2012). 

 

2.3.3 Cardiovascular disorders 

Disorders of the cardiac valves can have several effects; for example, a congenital defect in 

valve structure which results in mild to severe pumping inefficiency (Hoffman et al., 2004). 

Incompetent valves often leak, allowing a portion of blood to flow backward into the chamber 

it came from. (Saikrishnan et al., 2015) elaborates that stenosed valves are narrower than 

expected, which slows blood flow from the heart chamber. 

 

2.4 Congenital heart disease  

Congenital heart disease (CHD) is any developmental malformation of the heart. The spectrum 

of diseases falling into this classification include superficial lesions such as the bicuspid aortic 
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valve, and more complex lesions involving single ventricle lesions like the hypo-plastic left 

heart syndrome (Ludman et al., 1990). Although rare CHD has an incidence of approximately 

8 per 1000 births, CHD has since increased in prevalence due to the success of surgical and 

medical management in childhood. A significant proportion of patients with repaired CHD 

surviving into adulthood fall under the care of cardiologists. 

 

2.5 Clinical presentation of CHD 

The clinical presentation of CHD in infancy may be dominated by a number of physiological 

states:  

1. Left to right shunts: A scenario whereby the redirection of blood from the systemic (left) 

to the pulmonary circulation (right) may occur at the atrial or ventricular level. A 

proportion of already oxygenated blood is recirculated to the lungs with each heartbeat, 

resulting in inefficiency in the lungs due to the oxygen levels in the blood (Lyen et al., 

2017). The volume of the shunt and its location accounts for the observed signs. 

Chambers and vessels receiving the excessive volume enlarge, and high pulmonary 

blood flow results in pulmonary plethora. Typical examples include atrial septal defects, 

ventricular septal defects, and patent ductus arteriosus. Patients are pink but increasingly 

breathless with more significant shunts. 

2. Compromised systemic perfusion: This may result from low stroke volume of a 

systematic ventricle (hypo-plastic left heart syndrome) and aortic obstruction. The 

clinical picture is one of poor peripheral perfusion with low pulse volume, patients may 

be pink or blue (cyanotic). 

3. Intra-cardiac mixing: Complete intracardial mixing of blood may occur at the atrial level 

and ventricular level. Patients are expected to be mildly cyanosed, depending on the 

relative amount of deoxygenated blood in the mix, and breathless according to the 

amount of pulmonary blood flow (Garcia et al., 2012).   

 

2.6 Commonly reported heart diseases 

Acute rheumatic heart disease results from a delayed inflammatory response to streptococcal 

infection, mostly in children (Marijon et al., 2012). Characterized by joint pain and swelling, 

cardiac valvular regurgitation with the potential for secondary heart failure, chorea, skin, and 
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fever (Carapetis et al., 2016). Several weeks after an improperly treated streptococcal infection, 

the cardiac valves may become inflamed. Figure 2 gives the prevalence of acute rheumatic heart 

disease around the world.  

 

Figure 2 Number of prevalent cases of rheumatic heart disease (RHD) in 2013 by country and 

the change in age standardized RHD prevalence from 1990 to 2013 (Vos et al., 2015).  

2.6.1 Mitral valve prolapses  

Mitral valve prolapse (MVP) is defined as an abnormal bulging of the mitral valve leaflets into 

the left atrium during ventricular systole, which results in leakage (Guy et al., 2012). Patients 

with MVP often complain of chest pain and severe fatigue. Figure 3 shows a pictorial 

description of MVP in the heart. Kolibash (1988) describes that progressive worsening of mitral 

prolapse is often associated with progressive mitral regurgitation and the physiologic 

consequences of mitral regurgitation, which can progress to congestive heart failure, 

arrhythmia, and subsequent sudden death.  

 

Figure 3 Carpentier’s functional classification of mitral regurgitation (MR) (Guy et al., 2012). 
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Type I MR has normal leaflet motion (e.g., annular dilatation, leaflet perforation); type II has 

abnormal leaflet motion with prolapse or flail (e.g., myxomatous degeneration, torn chordae 

tendineae); type III has restricted leaflet motion (e.g., rheumatic heart disease, ischemic 

cardiomyopathy) (Guy et al., 2012) 

 

2.6.2 Aortic regurgitation  

It is a condition in which blood not only ejects forward into the aorta but also regurgitates back 

into the left ventricle (Kim et al., 2016) because of the leaky aortic semilunar valve. This causes 

a volume overload on the left ventricle, with subsequent hypertrophy and dilation. The left 

ventricle attempts to compensate for the increased load by increasing its strength of contraction, 

which may stress the heart and result in myocardial ischemia (McKay et al., 1986). Figure 4 

depicts aortic regurgitation in the heart.  

 

Figure 4 Different stages of AR (Bekeredjian and Grayburn, 2005). 

 

 Top left, in mild AR, LV size, function, and hemodynamics are standard. Top right, in acute 

severe AR, there is equilibration of aortic and LV pressures (80/40 mm Hg in this example). 

Left atrial pressure is elevated, leading to pulmonary edema. Bottom left, in chronic severe, 

compensated AR, the LV may begin to dilate, but LVEF is often maintained in the normal range 

by increased preload. There is systolic arterial hypertension and wide pulse pressure. However, 

LV filling pressures are normal or only slightly elevated, such that dyspnea is absent. Bottom 

right, in decompensated chronic severe AR, the LV is dilated and hypertrophied, and LV 

function is often depressed as a result of afterload excess. Forward output is decreased, leading 
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to fatigue and other low-output symptoms. Fibrosis and hypertrophy decreased LV compliance, 

increasing filling pressures and dyspnea (Source: Bekeredjian and Grayburn, 2005).  

 

2.7 Techniques employed in evaluation of heart diseases  

Sound knowledge of the cardiac anatomy is essential for identifying and understanding 

cardiovascular conditions in patients (Lilly, 2012). Various techniques such as conventional 

chest radiography, cardiac magnetic resonance, computed tomography, and echocardiography 

are used to assess aspects of cardiac and vascular anatomy (Goldstein et al., 2015).  

 

2.7.1 Computed tomography  

Computed tomography) has become a powerful and widely used tool among non-destructive 

techniques, capable of inspecting external and internal structures without destroying them) in 

many industrial applications. CT is a powerful tool capable of inspecting external and internal 

structures in many industrial applications as well as providing accurate geometrical information 

with very high accuracy. A CT system basically consists of an X-ray source Â‚ a rotary table, 

an X-ray detector, and a data processing unit for computation, visualization, and data analysis 

of measurement results. Advantages of CT includes non-destructive allows determination of 

inner and outer geometry, provides a volume of data of high density, and short scanning time. 

Disadvantages of CT includes lack of accepted test procedures available so far, complex, and 

numerous influence quantities affecting measurements, reduced form measurement capability 

due to measurement errors (artifacts), and measurement uncertainty in many cases unknown 

(results are not traceable) (Cantatore and Müller, 2011).  

 

2.7.2 Electrocardiography 

Nowadays, electrocardiography is an essential part of the initial evaluation for patients 

presenting with cardiac complaints. As a first-line diagnostic tool, health care providers at 

different levels of training and expertise frequently find it imperative to interpret 

electrocardiograms. Specifically, it plays an essential role as a non-invasive, cost-effective tool 

to evaluate arrhythmias and ischemic heart disease (AlGhatrif and Lindsay., 2012). 
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2.7.3 Echocardiography  

Echocardiography is one of the most commonly performed noninvasive diagnostic tests in 

patients with known or suspected cardiovascular diseases. Echocardiography provides a 

comprehensive evaluation of the cardiovascular structure, function, and hemodynamics that 

characterize disease processes (Gottdiener et al., 2004). Moreover, there are no known side 

effects associated with echocardiography, even with frequent and repeat testing. Time, nature, 

portability, and relatively low cost make echocardiography adaptable to most clinical or 

research situations. Hence, echocardiography has been used successfully to provide 

mechanistic insights into therapeutic outcomes and in some cases to measure functional and 

structural changes that are considered to be of therapeutical importance. Identification and 

qualitative assessment of valvular regurgitation are relatively simple with 2D echocardiography 

and color flow imaging. Such assessments are routinely used in clinical practice and are well 

described in standard texts and ASE guidelines. Measurement of color flow jet areas is operator 

and machine-dependent; however, requiring careful attention to uniform image acquisition. 

Assessment of change in the magnitude of valvular regurgitation should utilize quantitative 

methods whenever possible. 

Volumetric assessments of regurgitation obtained by subtracting forward volume flow from 

total flow obtained from LV measurements sum the errors of chamber volume estimations and 

are of limited utility. However, substantial experience has been obtained with the proximal is 

velocity surface area (PISA) method with color flow Doppler for quantitation of mitral 

regurgitation. Effective regurgitation orifice area can be calculated as aliasing velocity/peak 

regurgitation velocity. Although they are quantitative, these techniques may be subject to 

acquisition and observer variability. The timing of velocity and PISA radius should be the same 

at mid-systole to minimize variability. This technique is used primarily in mitral regurgitation 

and is more difficult to perform in other valvular regurgitant lesions. For studies that primarily 

assess valvular regurgitation as a covariate in evaluations of other echocardiographic endpoints, 

such as LV mass or systolic/ diastolic function, traditional qualitative methods are adequate. In 

general, clinical trials of valvular stenosis have been evaluations of prosthetic valves. 

 

2.7.4 Cardiac magnetic resonance  

Magnetic resonance imaging (MRI) is a unique tool for investigating the morphology and 

function of the cardiovascular system. The advantage of cardiac magnetic resonance (CMR) is 
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based on its high spatial and temporal resolution, the high blood tissue contrasts mainly when 

using the steady-state free precession (SSFP) techniques, and the capability of three-

dimensional (3D) reconstruction of cardiac and vascular structures (Hombach et al., 2010). In 

contrast to echocardiography, MRI is largely used independent and does not substantially suffer 

from variations in image quality and poor patient-related echogenicity. CMR imaging is the 

gold standard for assessing left and right ventricular function and detecting myocardial tissue 

abnormalities like edema, infarction, or scars. Furthermore, CMR is independent of slice-

orientation or acoustic window, and its 3D nature enables direct calculation of ventricular 

dimensions without any need for geometrical models. 

For prognostic reasons, ab-normal structure and dysfunction of the heart, and the detection of 

myocardial ischemia and/ /or myocardial scars are the primary targets for CMR imaging 

(Hombach et al., 2010). Cardiac magnetic resonance (CMR) obtains image planes of the 

cardiovascular anatomy in any arbitrary view as it is not hampered by the limited availability 

of acoustic windows (van den Bosch, 2018). This is advantageous when imaging the 

morphology of the right ventricle (RV), which is excellently delineated by CMR. Therefore, 

medical imaging with X-rays, radionuclides, magnetic resonance imagining (MRI), ultrasound 

an, computed tomography is increasingly utilized in health care for screening, diagnosis, and 

disease follow-ups. Furthermore, the presence of anatomic mitral valve prolapse can be 

specifically defined and characterized using modern imaging modalities (echocardiography and 

cine MRI).  

2.8 Overview of valvular heart diseases 

Maganti et al. (2010) postulate that valvular heart disease (VHD) consists of a number of 

common cardiovascular conditions that account for approximately 10-20% of most cardiac 

surgical procedures in the United States of America. Therefore, a better understanding of recent 

advances in diagnostic imaging, interventional cardiology, and surgical approaches have 

resulted in accurate diagnosis. This could aid in in-depth knowledge of various valvular 

disorders and the quality care of patients living with VHD. Degenerative valve diseases are a 

frequent form of valvular heart disease in the United States, whereas rheumatic heart disease 

accounts for most valve pathology and is reported in developing countries (Iung and Vahanian, 

2011). Iung et al. (2003) depict survey results carried out on patients with VHD as shown in 

Table 3.1.  

 



27 

 

Table 1 Etiology of single native left-sided valve disease (Iung et al., 2003). 

 Aortic stenosis 

n=1197 

Aortic 

regurgitation 

n=369 

Mitral stenosis 

n=336 

Mitral 

regurgitation 

n=877 

Degenerative 

(%) 

81.9 50.3 12.5 61.3 

Rheumatic (%) 11.2 15.3 85.4 14.2 

Endocarditis (%) 0.8 7.5 0.6 3.5 

Inflammatory 

(%) 

0.1 4.1 0 0.8 

Congenital (%) 5.4 15.2 0.6 4.8 

Ischaemic (%) 0 0 0 7.3 

Other (%) 0.6 7.7 0.9 8.1 

 

 

Furthermore, Iung et al. (2003) study reported the distribution of VHD, where aortic stenosis 

(AS) was the most frequent native valve disease, followed by mitral regurgitation (MR), while 

aortic regurgitation (AR) and mitral stenosis (MS) were observed with similar frequency. In 

this survey, patients with previous valve interventions represented a significant sub-group for 

which unfortunately, have very little data available and very few guidelines. Generally, the 

patients with VHD are often elderly with a high frequency of cardiovascular risk factors and 

comorbidities (Stewart et al., 1997).  

3.1.1 Aortic stenosis 

Aortic stenosis (AS) is the most predominant form of cardiovascular disease in the Western 

world after hypertension and coronary artery disease (Brickner, 2014). Otto (2002) elaborates 

that AS is regularly caused by either degenerative calcification of a trileaflet valve or 

progressive stenosis of a congenital bicuspid valve. Aortic stenosis develops from progressive 

calcification of leaflets with restriction of leaflet opening over time. In patients with valvular 



28 

 

AS, the severity of stenosis increases. Subsequently, the left ventricle adapts to the obstruction 

by increasing wall thickness while maintaining normal left ventricular chamber size (concentric 

hypertrophy) (Maganti et al., 2010). 

3.1.2 Physical examination of aortic stenosis  

Rheumatic heart disease, being the most common etiology globally, is less common in the 

United States of America (Watkins et al., 2017). The characteristic murmur of AS is a 

crescendo-decrescendo systolic murmur along the left sternal border that radiates to the upper 

right sternal border and into the carotid arteries (Frank and Jacobe, 2011).  

Studies have shown that the severity of the AS increases, the duration of the murmur increases, 

and it is more likely to peak at mid to late systole. A diastolic murmur may be heard if aortic 

regurgitation (AR) is also present, a distinctive finding in patients with rheumatic AS (Maganti 

et al., 2010). In young patients with bicuspid AS, the systolic murmur may be preceded by a 

systolic ejection click. This sound tends to disappear with aging as the valve calcifies and the 

severity of AS rises. In the presence of severe heart failure, the apical impulse may be diffuse 

and laterally displaced, a third heart sound may be present, the jugular venous pulse may be 

elevated, and the systolic murmur may be soft or absent (Rahimtoola, 2010). 

 

Multiple valvular heart disease (VHD), a combination of stenotic or regurgitant lesions 

occurring on ≥2 cardiac valves, and mixed VHD, are said to be a mixture of stenotic and 

regurgitant lesions on the same valve, which are highly prevalent conditions (Unger et al., 

2018). Lee et al. (2011) elaborates that in an American Society of Thoracic Surgeons Database, 

which included 290 000 patients who underwent surgery between 2003 and 2007, 11% had 

double valve procedures (replacement or repair), most often aortic and mitral, and triple valve 

surgery has been performed in 1% of cases. Moreover, in a Swedish nationwide study based on 

hospital discharge codes without quantification of valvular dysfunction, multiple VHD 

accounted for approximately 11% of patients (Andell et al., 2017). Therefore, the most frequent 

associations were aortic stenosis (AS) plus aortic regurgitation (AR), AS plus mitral 

regurgitation (MR,) and AR plus MR. 

Multiple valve disease is often acquired; in the Euro Heart Survey, rheumatic fever was the 

predominant pathogenesis (51%), but degenerative VHD was also highly prevalent (41%) (Iung 

et al., 2007). Other acquired pathogeneses, including infective endocarditis, radiation therapy, 
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drug-induced VHD, and inflammatory diseases, were less frequent. As in single VHD, a shift 

from rheumatic toward degenerative pathogenesis is currently observed in industrialized 

countries, reflecting aging and the overall decreased incidence of rheumatic fever (Andell et 

al., 2017).  

The degenerative mitral annulus and leaflet calcifications often coexist with AS in elderly 

patients and may, when severe, cause significant mitral stenosis (MS). This multiple VHD 

entity is associated with a worse prognosis. It poses specific therapeutic challenges because 

balloon commissurotomy or surgical mitral valve replacement is often not an option in these 

patients. Secondary MR and tricuspid regurgitation (TR) may develop in patients with aortic 

VHD and in patients with right ventricular volume or pressure overload because of left-sided 

or pulmonary VHD (Unger et al., 2018). 
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3 LITERATURE REVIEW  

To compile an overview and write this work, a search of professional articles was chosen from 

magazines and published studies. I followed a well-defined methodology of the Joanna Briggs 

Institute (JBI), which is currently the leader in the creation of systematic reviews. 

Before searching for studies, it was essential to define the topic and establish the selection 

criteria. I decided on an excellent clinical foreground question according to the PICO formula, 

i.e. (P) -patient/population/problem, (I) – the primary intervention or the type of exposure used, 

(C) - comparison with another type of intervention, (O) - outputs. The main aim was to find out 

if CMRI shows better and well-detailed valve images than other imaging techniques when 

evaluating valvular heart diseases such as stenosis and regurgitation.  Each concept was defined 

individually (see Table 2). 

Table 2 criteria according to the pico 

 Keywords 

P-population Valvular heart diseases in humans 

I-intervention Cardiovascular magnetic resonance 

technique 

C-comparison Valve imaging techniques 

O-outcome Well understandable scan images 

  

I used the google scholar internet database and research gate for the initial overview search of 

publications. In contrast, PubMed and science direct were used to search for keywords (see 

Table 3), and many articles and studies were generated. The search was not limited to time but 

only human beings. 
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Review question 

Does magnetic resonance imaging in the evaluation of valvular heart diseases in human beings 

generate better and more detailed scans than other valve imaging techniques?  

Table 3: PICO keywords 

 Keywords 

problem VHD, Valve stenosis, Valve regurgitation 

intervention CMRI 

context valve Imaging techniques, valve ultrasound, 

valve echocardiography, valve CT 

outcome Detailed image 

 

 

I entered each keyword individually into each database. PubMed and science direct database 

search results for individual keywords and variations using the Boolean AND and OR are 

shown in Table 4. 
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Table 4: Search strategy in database 

Number Keywords Number of results in 

PubMed 

Number of results in 

science direct 

1 VHD 106,579 97,325 

2 Valve stenosis 44,035 104,309 

3 Valve regurgitation 25,673 78,292 

4 1 OR 2 OR 3 6,133 192,824 

    

5 CMR 42,832 73,645 

    

6 Valve Imaging 

techniques 

28,008 182 

7 Valve ultrasound 55,186 57,952 

8 Valve 

echocardiography 

39,946 2,189 

9 Valve CT 8,266 44,635 

10 6 OR 7 OR 8 OR 9 61,713 89,407 

    

11 detailed valve 

images 

1,116 73,645 

    

12 4 AND 5 AND 10 

AND 11 

36 42 
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A total number of 72 studies were found. I first discarded two duplicates, which were found in 

science direct. I excluded 42 studies because they were not part of my inclusion criteria. I 

studied the remaining articles and again excluded some articles due to geographical, language, 

and publication type. Of the eligible articles, two articles in science direct were not available in 

full text, so they got eliminated. Furthermore, the other two were more about the heart and the 

information was not that clear hence them being removed. Finally, ten articles remained that 

were relevant to the study. In conclusion to database base research, all included articles are 

displayed in the PRISMA flow chart (see figure 5). 
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Figure 5 flow chart diagram 

  

Lastly, I included ten studies in my literature review (see Table 5).  Studies are randomly ranked 

according to their relevance to the study. 
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Table 5: Table of included publication 

Number Title  Author (year) 

1.  Outcomes in Degenerative Mitral Regurgitation: Current 

State-of-the Art and Future Directions 

Milynd Y et al 
(2017) 

2.  The Evolving Role of Cardiac Imaging in Percutaneous 

Valvular Intervention 

Darryl P et al. 

(2013) 

 

3.  Cardiovascular Magnetic Resonance Imaging for Structural 

and Valvular Heart Disease Interventions 

João et al. 
(2016) 
 

4.  All you need to know about the tricuspid valve: Tricuspid 

valve imaging and tricuspid regurgitation 

Olivier Huttin 

et al. (2016) 

5.  Advanced cardiac MRI techniques for evaluation of left-sided 

valvular heart disease. 

Blanken CPS et 

al (2016) 

6.  Cardiovascular magnetic resonance in the evaluation of heart 

valve disease. 

 

Gulsin GS et al. 

(2017) 

7.  Reviewing the process of preparing children for MRI Leanne et al. 

(2008) 

8.  Magnetic resonance to assess the aortic valve area in aortic 

stenosis: how does it compare to current diagnostic 

standards? 

John et al. 

(2003) 

9.  Surgical mitral valve replacement using direct implantation 

of Sapien 3 valve in a patient with severe mitral annular 

calcification without adjunctive techniques, a case report. 

Albacker TB et 

al. (2020) 

10.  Valvular heart disease in women, differential remodeling, and 

response to new therapies. 

Chandrasekhar, 

J. et al (2017). 
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3.1 evaluation of articles 

To make it more understandable, articles are summarised and explained in more straightforward 

terms together to prevent the repetition of information and help group all information per item. 

1 - Outcomes in Degenerative Mitral Regurgitation: Current State-of-the Art and Future 

Directions 

      This review study by MILYND Y et al. available in the full text was published in 2017. 

This state-of-the-art review discusses the latest knowledge in the natural history, imaging, 

surgical and percutaneous therapies in patients with degenerative MR in western countries. 

Methods: This study is mainly for patients with degenerative MR. No age group was defined, 

but results were grouped on age average and gender. The study evaluates the severity and 

mortality of MR in all age groups and compares the possible diagnostic methods.  

Results: degenerative MR has a 40% access mortality rate in people older than 64 years. It 

severely affects women more than men, and older women and have severe DMR and worse 

survival. MRI and echocardiography are the most widely used methods, but MRI is the most 

commonly used nowadays. 

Conclusion: more diagnosis methods are being tried and becoming more precise, and health 

centres are trying to help patients choose the best therapy options, but more studies are still on 

ongoing.  
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Table 6: Milynd 2017 

  results comments 

1.  Did treatment allocation blind participant? Yes  

2.  Did the researcher blind the treatment 

allocation group 

Yes  

3.  Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

no A review was 

done on existing 

patient reports 

4.  Were outputs evaluated blinded to the 

treatment allocation?                                       

yes  

5.  Were control and experimental groups 

comparable in the beginning 

 No, because the  

6.  Were groups treated the same without 

using another intervention for one of the 

groups? 

no Patients’ other 

health conditions 

were considered 

7.  Were the results/outputs measured in the 

same way in all groups? 

  

8.  Were the results/outputs measured 

reliably? 

yes  

9.  Was statistical analysis used 

appropriately? 

yes  
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2 - The Evolving Role of Cardiac Imaging in Percutaneous Valvular Intervention 

A nonrandomized study by Darryl P and others was published in 2013.  It summarizes the goals 

of cardiovascular imaging in the work-up for, during, and in the follow-up of percutaneous 

valvular intervention. 

Method: work from different authors was reviewed and analysed. No audiences were defined. 

Results: Cardiovascular imaging plays a vital role in diagnosing VHD, singling out the 

mechanism of valvular dysfunction and quantifying its severity. Together with CT and 

percutaneous therapeutic options for VHD, MRI helps in patient selection and guides choice of 

prosthesis. 

 Conclusion: Cardiovascular imaging aids in patient screening for percutaneous valvular 

interventions. It is done during the procedure and as a follow-up to identify complications and 

monitor if the implantation was a success or failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/valvular-intervention
https://www.sciencedirect.com/topics/medicine-and-dentistry/valvular-intervention
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Table 7: Darryl 2013 

  results comments 

1 Did the treatment allocation blind 

participant? 

yes  

2 Did the researcher blind the treatment 

allocation group 

no Not possible 

3 Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

yes Due to geographical 

reasons 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

yes Preliminary evaluation 

still ongoing 

5 Were control and experimental groups 

comparable in the beginning 

yes MS, age 

6 Were groups treated the same without 

using another intervention for one of the 

groups? 

no The severity of the 

disease 

7 Were the results/outputs measured in the 

same way in all groups? 

no  

8 Were the results/outputs measured 

reliably? 

yes  

9 Was statistical analysis used 

appropriately? 

 Figures provided 
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3 - Cardiovascular Magnetic Resonance Imaging for Structural and Valvular Heart 

Disease Interventions 

Joao L and others conducted this study and it, was published in 2016. It does not necessarily 

focus on individuals but rather on how CMRI works in general and points out its limitations. 

Methods: Different valvular diseases were studied under MRI, and random patients scans were 

used to support the studies. 

Results: CMRI is non-invasive and uses no radiations. It is a crucial part of the planning, 

procedural guidance, and follow-up of patients undergoing interventions for structural and 

valvular heart diseases. MRI shows better and more detailed scans than CT other imaging tools 

that make the diagnostic process better. 

Conclusion: This result suggests that CMRI is the safest diagnosis method and not painful. 

Patients do not need hospitalization. 

 

 

 

 

 

 

 

 

 

 

 

 



41 

 

 

Table 8: Joao 2016 

  results comments 

1 Did the treatment allocation blind 

participant? 

yes  

2 Did the researcher blind the treatment 

allocation group 

no Not possible 

3 Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

no Only participant 

Results are 

available 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

no  

5 Were control and experimental groups 

comparable in the beginning 

yes CMRI, VHD 

6 Were groups treated the same without 

using another intervention for one of the 

groups? 

yes Different TAVR 

and valves 

7 Were the results/outputs measured in the 

same way in all groups? 

yes  

8 Were the results/outputs measured 

reliably? 

yes  

9 Was statistical analysis used 

appropriately? 

yes  
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4 - All you need to know about the tricuspid valve: Tricuspid valve imaging and tricuspid 

regurgitation. 

Olivier Huttin and others conducted this study and it was published in 2016. This article does 

not necessarily focus on individuals but generally on tricuspid valve and tricuspid regurgitation 

and most importantly, its analysis.  

Method: no defined method was used since it is a comprehensive study.  

Results: The tricuspid valve is a complicated, dynamic, and changing structure which makes it 

challenging to analyse.  3D imaging, such as CT and MRI, are the best at analysing TR, and 

they provide the morphological description of the tricuspid valve complexity. However, the 

debate is still ongoing, and more imaging tools are being looked at. 

Conclusion: tricuspid valve is one of the most common VHDs and it can lead tore cardiac 

complications. 
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Table 9: Olivie 2016 

  results comments 

1 Did the treatment allocation blind 

participant? 

yes  

2 Did the researcher blind the treatment 

allocation group 

no Not possible 

3 Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

 Not specified 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

no  

5 Were control and experimental groups 

comparable in the beginning 

no The diagnosis was not 

applicable to all at the end 

6 Were the group treated the same without 

using another intervention for one of the 

groups? 

no The diagnosis was not 

applicable to all at the end 

7 Were the results/outputs measured in the 

same way in all groups? 

yes  

8 Were the results/outputs measured reliably? yes  

9 Was statistical analysis used appropriately? yes  
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5 - Advanced cardiac MRI techniques for evaluation of left-sided valvular heart disease. 

Carmen P.S. Blanken and others conducted this study and it was published in 2016. no defined 

group of people was mentioned and the authors showed no interest in conflict toward the 

publication of this study. It is entirely a study about CMRI techniques and its role in evaluating 

left-sided valvular heart disease compared to other imaging techniques. 

Method: Works from different authors ware reviewed, analysed, and finally complied with by 

Carmen P.S. Blanken et al. and sent for printing. 

Result:  MRI is an accurate method for quantifying left-sided valvular heart disease as it 

provides increasingly excellent diagnosis and treatment selection for patients. Furthermore, 

more research aiming to explore quantitative MRI to its best potential needs to be done. 

Conclusion: The most common types of VHD are aortic valve stenosis, aortic valve 

regurgitation, and mitral valve regurgitation. CMRI is a globally accepted diagnostic modality 

for the assessment of left-sided. 
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Table 10: Blanken 2016 

  results comments 

1 Did the treatment allocation blind 

participant? 

yes  

2 Did the researcher blind the treatment 

allocation group 

 Not? possible 

3 Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

 Not specified 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

no MRI, AS 

5 Were control and experimental groups 

comparable in the beginning 

no  

6 Were the group treated the same without 

using another intervention for one of the 

groups? 

 The severity of 

diseases differs 

7 Were the results/outputs measured in the 

same way in all groups? 

yes  

8 Were the results/outputs measured 

reliably? 

yes  

9 Was statistical analysis used 

appropriately? 

yes  
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6 - Cardiovascular magnetic resonance in the evaluation of heart valve disease. 

The report by Glusin G. S and others was published in 2017, and it addresses the role and 

importance of CMR in the comprehensive evaluation of VHD 

Method: GSG and GPM came up with the idea for the manuscript. GSG and AS constructed 

the initial draft. GPM gave gratitude to the manuscript and ensured the accuracy of its 

wholesome content. All authors showed no conflict with the final work. All clinical images 

used were granted permission from the hospital. 

Result: CMR possesses the capability to measure cardiac volumes, function, mass, visualize 

and quantify cardiac motion and flow, and it uses only 2D accurately and reproducibly. The 

inability of CMR to use 3D and 4D velocity mapping makes it difficult to assess larger slices. 

Conclusion: This article was the most accurate as it answers the aim of this thesis. It entails all 

the sequences, valvular heart diseases, limitations, and advantages of CMRI and it thoroughly 

states how it differs from other imaging tools. CMR is an essential tool for the assessment of 

cardiac diseases. 
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Table 11: Glusin 2017 

  results comments 

1 Did the treatment allocation blind 

participant? 

yes  

2 Did the researcher blind the treatment 

allocation group 

 Not possible 

3 Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

 Not defined 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

no  

5 Were control and experimental groups 

comparable in the beginning 

  

6 Were the groups treated the same without 

using another intervention for one of the 

groups? 

no  

7 Were the results/outputs measured in the 

same way in all groups? 

yes  

8 Were the results/outputs measured 

reliably? 

Yes  

9 Was statistical analysis used 

appropriately? 

Yes  
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7 - Reviewing the process of preparing children for MRI 

The report by Leanne M.H and others was published in 2008. This study explored the 

effectiveness of MRI intervention in children facilitated by educational play therapists. 

Methods: The interference was directed in a practice MRI unit devoid of magnets. Data were 

obtained and analyzed according to age, gender, times of scans, position in bore, diagnostic 

scans, and movement artifacts. 

Results:  291 children, ages ranging from 3 years seven months to 17 years, of which 48.8% 

were mal, d. 74.9% of the children were considered a pass at practice, 35 (12 %) were concluded 

as borderline pass, and statistically, 218 (96%) went onto a clinical MRI and diagnostic images 

were obtained from them. 

Conclusion: In conclusion, MRI intervention facilitated by educational play therapists helps 

children cope with MRI without general anesthesia. 
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Table 12: Leanne 2008 

  results comments 

1 Did the treatment allocation blind 

participant? 

yes  

2 Did the researcher blind the treatment 

allocation group 

no Not possible 

3 Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

no not stated 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

no  

5 Were control and experimental groups 

comparable in the beginning 

no The age group 

was well defined 

6 Were groups treated the same without 

using another intervention for one of the 

groups? 

yes MRI, therapists 

7 Were the results/outputs measured in the 

same way in all groups? 

yes  

8 Were the results/outputs measured 

reliably? 

yes  

9 Was statistical analysis used 

appropriately? 

yes Epi data and Stata 

were used 
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8 - Magnetic resonance to assess the aortic valve area in aortic stenosis: how does it 

compare to current diagnostic standards? 

This randomized study was compiled in 2003 by John S. L and others, and it is the oldest on 

the list. It is part of this thesis as it has information about the main topic of this work. It compares 

magnetic resonance to other diagnostic methods when it comes to the assessment of the severity 

of aortic stenosis. 

Method: Forty patients underwent cardiac catheterization, TEE, and MR. The AVA was 

estimated by direct planimetry (MR, TEE) or calculated indirectly via the peak systolic 

transvalvular gradient (catheter). Pressure gradients from cardiac catheterization and Doppler 

echocardiography were compared too. 

Results: from MR, the average AVA (max) calculated was 0.91 +/- 0.25 cm (2); by TEE, AVA 

(max) was 0.89 +/- 0.28 cm (2); and by catheter, the AVA was calculated as 0.64 +/- 0.26 cm 

(2). Mean absolute differences in AVA were 0.02 cm (2) for MR versus TEE, 0.27 cm (2) for 

MR versus catheter, and 0.25 cm (2) for TEE versus catheter. Correlations for AVA (max) were 

r = 0.96 between MR and TEE, r = 0.47 between TEE and catheter, and r = 0.44 between MR 

and catheter. The correlation between Doppler and catheter gradients happened to be r = 0.71. 

Conclusion:  MR planimetry of the AVA can provide a precise, non-invasive, well-endured 

alternative to invasive techniques and transthoracic echocardiography when it comes to the 

evaluation of aortic stenosis 
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Table 13: John 2003  

  results comments 

1. Did the treatment allocation blind 

participant? 

yes  

2. Did the researcher blind the treatment 

allocation group 

no  

3 Was the output of the participants who 

withdrew from the research, explained, and 

included in the analysis 

 Not well defined 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

no  

5 Were control and experimental groups 

comparable in the beginning 

no  

6 Were groups treated the same without 

using another intervention for one of the 

groups? 

no  

7 Were the results/outputs measured in the 

same way in all groups? 

yes  

8 Were the results/outputs measured 

reliably? 

yes  

9 Was statistical analysis used 

appropriately? 

yes  
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9 - Surgical mitral valve replacement using direct implantation of Sapien 3 valve in a 

patient with severe mitral annular calcification without adjunctive techniques, a case 

report. 

This randomized study was compiled in 2020 by Albecker TB and others, and it is one of the 

latest studies on the list.  

Method:  An elderly female patient with multiple diseases who showed symptoms and signs of 

heart failure who happens to have a previous history of mechanical aortic valve replacement 

15 years before the presentation was studied. 

Results:  the older woman had more health issues such as diabetes mellitus, hypertension, 

hypothyroidism, adrenal suppression, and a previous history of stroke. These health 

complications made it high risky for surgical intervention with a calculated STS risk score of 

(19.5%). Given her age health issues, it made no sense to decalcify the mitral annulus and 

reconstruct the annulus, leading to a high risk of atrioventricular groove disruption. Sapien 3 

valve was implanted in the mitral position under direct vision after redo sternotomy. Mitral 

annular calcification (MAC) develops in 10% of the population with an alarming prevalence 

with advancing age (up to 40% above 80 years), and it is associated independently with all-

cause mortality. 

Conclusion: Direct open surgical implantation of Sapien 3 valve can be safely implanted in 

patients with severe MAC without complication and without other adjunctive techniques such 

as fixation sutures or patches. 
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Table 14: Albecker 2020  

  results comments 

1 Did the treatment allocation blind 

participant? 

yes  

2 Did the researcher blind the treatment 

allocation group 

no Not possible 

3 Was the output of the participants who 

withdrew from the research explained, and 

included in the analysis 

 undefined 

4 Were outputs evaluated blinded to the 

treatment allocation?                                       

no Not possible 

5 Were control and experimental groups 

comparable in the beginning 

no The comparison 

was done later 

6 Were the group treated the same without 

using another intervention for one of the 

groups? 

yes Severe MR and 

AS 

7 Were the results/outputs measured in the 

same way in all groups? 

yes  

8 Were the results/outputs measured 

reliably? 

yes  

9 Was statistical analysis used 

appropriately? 

yes  
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10 - Valvular heart disease in women, differential remodeling, and response to new 

therapies. 

This study was compiled in 2017 by Chandrasekhar and others. This review discusses the 

current evidence in the diagnosis and treatment of VHD in left-sided VHD and management in 

women. 

Method: Patients with VHD, especially the most common AS and MR, were evaluated in this 

study. Women tend to be more prone to VHD; that is why the study focuses on women, and 

age was put in consideration. Different studies with a different number of patients were used 

for comparison. 

Results: Aortic stenosis is the most common VHD, and it occurs in 2–9% of the population 

mainly in people older than 65 years of age. 50% of patients with severe AS may be 

asymptomatic, with a 1.0–1.5% yearly rate of sudden cardiac death. MR is the second most 

common VHD, and it has a prevalence of 2–3% in the general population. Calcification of the 

mitral valve mostly happens in women, and it increases with age. CHD (41.8%) and VHD 

(30.9%) are heart diseases present in pregnancy, and then cardiomyopathy (20%) and 

pulmonary hypertension (12%). Aortic and mitral valve diseases happen to be the most 

common. 

Results: VHD, most specifically AS and MR, are increasingly observed to be of a degenerative 

etiology. Women tend to have latent symptoms, consequently it is relevant to consider both 

clinical symptoms and imaging findings for decision-making on treatment. In addition, almost 

50% of patients undergoing transcatheter aortic valve replacement (TAVR) are women. Echo 

is still the standard diagnosis test while CT and MRI are being used to provide the valve 

classification and function. Relevantly, MRI allows recognition of different patterns of 

hypertrophy and remodeling, magnitude of LV fibrosis, and understanding into differential 

reverse remodeling and clinical outcomes in men and women. 
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Table 15: Chandrasekhar 2017  

  results comments 

1 Were participant blinded by the 

treatment allocation? 

yes  

2 Was the treatment allocation group 

blinded by the researcher 

no Not possible 

3 Was the output of the participants who 

withdrew from the research, explained, 

and included in the analysis 

 undefined 

4 Were outputs evaluated blinded to 

treatment allocation?                                       

no Not possible 

5 Were control and experimental groups 

comparable in the beginning 

no Sex specific threshold 

6 Were group treated the same without 

using another intervention for one of the 

groups? 

no Primarily focus on women 

but not limited to men 

7 Were the results/outputs measured in the 

same way in all groups? 

yes AVA, AVC 

8 Were the results/outputs measured in a 

reliable way? 

yes  

9 Was statistical analysis used 

appropriately? 

yes  
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3.1.2 Diagnostic testing techniques 

Magnetic resonance imaging (MRI) is a method that has evolved rapidly during the past 20 

years, yielding MR systems with stronger static magnetic fields, faster and stronger gradient 

magnetic fields, and more powerful radiofrequency transmission coils (Dill, 2008). Cardiac 

magnetic resonance imaging (CMR) has become a crucial imaging technique for the diagnosis 

and treatment of patients with cardiovascular diseases (Hombach et al., 2010). The CMR has 

the capability of acquiring tomographic images of the hypertrophied LV chamber, with tissue 

contrast and border definition that are often superior to that achievable with echocardiography 

(Rickers et al., 2005).  

Furthermore, CMR is vital for detecting and reliably measuring the anatomic valve area 

(Maganti et al., 2010). Technical advances in the past have rendered CMR unique in the 

evaluation of cardiovascular anatomy, physiology, and pathophysiology due to its unique 

ability to produce high resolution tomographic images of the human heart and vessels 

(Hombach et al., 2010) in any arbitrary orientation, with soft tissue contrast that is superior to 

competing imaging modalities without the use of ionizing radiation. Cardiac magnetic 

resonance imaging has the potential to detect segmental wall thickening in any area of the LV 

wall, even when these regions are quite limited in size, and therefore can provide critical 

supplemental morphological information beyond that obtained from conventional and clinically 

adequate echocardiographic studies (Maron et al., 2003). 

 In comparison to echocardiography, MRI is mainly user independent and does not substantially 

suffer from variations in image quality and poor patient-related echogenicity. The high blood-

tissue contrast particularly when using the steady-state free precession (SSFP) techniques, and 

the capability of three-dimensional (3D) reconstruction of cardiac and vascular structures 

(Markl et al., 2004). 

Velocity encoded CMR is currently being investigated for the assessment of velocity across the 

stenotic aortic valves. As with cardiac CT, the role of this modality in the management of AS 

is currently not well defined (Kilner et al., 1993) but it has an established role in evaluating 

aortic root and ascending aortic anatomy. Although cine CMR is not as well validated as 

echocardiography, it can be useful for detecting progressive left ventricular dilatation and for 

planning the timing of surgery for asymptomatic patients with severe aortic regurgitation. 

Cardiac magnetic resonance is used to obtain accurate information regarding regurgitant 

volumes and flow (Helbing and De Roos, 2000).  
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Velocity-encoded imaging is another useful technique that allows quantification of both 

forward and regurgitant flow (Roes et al., 2009). Maganti et al. (2010) postulates that exercise 

testing is useful as a measure of functional capacity when it is unclear whether symptoms are 

present. However, exercise left ventricular ejection fraction is often abnormal in asymptomatic 

patients with severe aortic regurgitation and has not been shown to provide additional 

prognostic information when resting left ventricular size and function are already known (Borer 

et al., 1998).  

The use of standard imaging sequences, cardiac magnetic resonance allows identifying 

accurately serial changes in ventricular volumes, mass, and function reflecting the global 

burden of valvular disease and has, the potential to contribute to determining the optimal time 

for surgical or transcatheter valvular intervention (Cawley et al., 2009). 

 

3.1.2 Safety issues surrounding the use MRI  

MRI is often described as a ‘‘safe’’ modality due to the fact that, unlike x-ray-based systems, 

ionizing radiation is not involved. Despite prosthetic heart valves and annuloplasty rings are 

made from a variety of materials, numerous studies have demonstrated that MRI examinations 

can be carried out successfully without any concerns (Prasad and Pennell, 2004). However, 

hazards inherent such as strong static magnetic fields, pulsed gradient magnetic fields and 

pulsed radiofrequency fields to the MR environment must be acknowledged:  

 

3.1.3 Accuracy and reproducibility  

Ideally, for any diagnostic test to be clinically useful, it must be accurate and reproducible. 

Accuracy can be determined by matching measurements obtained by the technique or modality 

in question with those obtained by a reference standard. Accuracy determines how close to the 

truth a measurement is. Reproducibility addresses measurement variability, which can relate to 

the individuals performing the measurement (intra- and inter-observer variability) and the 

variability related to repeated measurements (test–retest or interstudy variability). 

Reproducibility is especially crucial for tests that are being used for clinical surveillance over 

a period of time, as is the case in serial follow-up of the RV in patients with CHD (Geva, 2014). 

3.1.4 MRI in Pregnant women 

During pregnancy, anatomical and physiological changes occur. Complications such as 

valvular heart disease, and pregnancy-associated cardiovascular changes can contribute to 
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maternal, foetal, and neonatal complications in pregnant women (Stout and Otto, 2007). 

Imaging studies are important in diagnostic evaluations of acute and chronic conditions. For 

instance, according to Birchard et al. (2005) acute abdominal pain in pregnant patients presents 

a difficult diagnostic challenge. The differential diagnosis during pregnancy is extensive in that 

the abdominal pain may be obstetric in nature or may be caused by disease of other 

intraabdominal or intrapelvic structures. The use of X-ray, ultrasonography, CT, nuclear 

medicine, and MRI has become so embedded in the culture of medicine and their applications 

are so diverse, that women with recognized or unrecognized pregnancies are likely to be 

evaluated with any of these techniques (Kruskal, 2017). However, the use of conventional 

radiographic imaging is constrained because of the risk of harm to the foetus by ionizing 

radiation. Using CT is well recognized in the evaluation of acute abdominal pain. CT provides 

excellent anatomic detail; however, a considerable dose of ionizing radiation is conferred to the 

foetus, making this technique undesirable (Birchard et al., 2005). 

MRI offers a good overall topographic display and high intrinsic soft-tissue contrast. MRI also 

benefits from the lack of ionizing radiation (Barber-Millet et al., 2016), making it safe to use in 

pregnant patients. Although several prior reports have shown the ability of MRI to evaluate the 

foetus using current short-duration sequences (Nguyen et al., 2016), there are fewer reports 

describing the investigation of maternal abdominal and pelvic disease on MRI. The main 

advantage of MRI over ultrasonography and computed tomography lies in the ability to image 

deep soft tissue structures in a manner that is not operator dependent and does not use ionizing 

radiation. Magnetic resonance imaging is like ultrasonography in the diagnosis of appendicitis, 

but when MRI is readily available, it is preferred because of its lower rates of non-visualization. 

Although there are theoretical concerns for the foetus, including teratogenesis, tissue heating, 

and acoustic damage, there exists no actual harm (Kruskal, 2017). 

Unlike CT, MRI sufficiently images most soft tissue structures without the use of contrast. 

However, there are diagnostic situations in which contrast enhancement is of benefit. According 

to (Kruskal, 2017), there are two types of MRI available. Gadolinium-based agents and super 

magnetic iron oxide particles. Gadolinium-based agents are useful in imaging the nervous 

system because they cross the blood-brain barrier when this barrier has been disrupted, such as 

in the presence of a tumour and an abscess. Even though it can increase the specificity of MRI, 

the use of gadolinium-based contrast enhancement during pregnancy is controversial. 

Uncertainty surrounds the risk of possible effects because gadolinium is water-soluble and can 

cross the placenta into the foetal circulation and amniotic fluid. 
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A retrospective evaluation was made of 66 pregnancies in 64 women with VHD conducted by 

Hameed et al. (2001) revealed that women with VHD had a significantly higher incidence of 

congestive heart failure (38% vs. 0%; p < 0.00001), arrhythmias (15% vs. 0%, p = 0.002), 

initiation or increase of cardiac medications (41% vs. 2%, p < 0.0001), and hospitalizations 

(35% vs. 2%, p < 0.0001). Mortality, however, occurred in only one patient (2% vs. 0%, p = 

NS) with aortic stenosis (AS) and coarctation. Moreover, VHD also influenced foetal outcome, 

resulting in an increased preterm delivery (23% vs. 6%, p = 0.03), intrauterine growth 

retardation (21% vs. 0%, p < 0.0001), and a reduced birth weight (2897 ± 838 g vs. 3366 ± 515 

g, p = 0.0003). Increased maternal morbidity and unfavourable foetal outcome were seen mostly 

in patients with moderate and severe mitral stenosis (MS) and AS. 

The most common cause of mitral stenosis is rheumatic valvular disease, which is often first 

diagnosed during pregnancy. In pregnant women with mitral stenosis, the increase in cardiac 

output combined with a decrease in filling time due to increased heart rate can result in 

increased left atrial pressures and pulmonary oedema. Even in women who were previously 

asymptomatic, further shortening of the diastolic filling period owing to atrial fibrillation or 

comorbid conditions that further increase heart rate, such as anaemia or fever, often causes 

haemodynamic decompensation (Stout and Otto, 2007). 

Severe aortic stenosis may be difficult to manage during pregnancy. Certainly, all women with 

symptomatic aortic stenosis should undergo prompt intervention before pregnancy. Most 

asymptomatic patients tolerate pregnancy well, but a minority develop symptoms of heart 

failure, angina or syncope. 

Pulmonic stenosis may occur in isolation or as a part of other congenital abnormalities such as 

tetralogy of Fallot. Pulmonary stenosis is generally well-tolerated in the absence of other 

haemodynamically significant lesions. It is also amenable to percutaneous valvuloplasty if 

necessary. 

Patients with chronic left‐sided valve regurgitation often do well during pregnancy due to the 

decrease in afterload but have trouble during labor, delivery, and the early postpartum period 

due to the increase in both venous return and vascular resistance. In the peripartum period, 

diuresis may be needed, and afterload reduction may be helpful in the first 24–48 h post-partum 

(Stout and Otto, 2007). 
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3.1.5 Magnetic resonance imaging in children 

Magnetic resonance imaging (MRI) is a common investigation used in medical imaging 

requiring patients, including young children, to keep still for up to 60 min for the study to be 

performed successfully. Children often find the confined space, the noise, the need to lie still, 

and the possibility of needle insertion for intravenous contrast agent administration anxiety-

provoking and sometimes so distressing that they are unable to cope and require general 

anesthesia (Tyc et al., 1995).  

General anesthesia or sedation is sometimes used in young children, often routinely in children 

younger than 6– 8 years old (Lawson, 2000) to manage the MRI procedure and enable MRI 

technicians to achieve diagnostic quality scans effectively. Sedation levels for MRI can put the 

child at risk of respiratory depression with over-sedation, potentially resulting in the loss of 

protective reflexes and the ability to maintain an airway (Malviya et al., 2000).  

An ideal practice MRI intervention (PMRI) session conducted by an educational play therapist 

(EPT) gives children who are about to undergo MRI the opportunity to develop the skills 

required to complete a scan successfully. The practice unit is a full-scale 1.5-T MRI unit that is 

devoid of magnets. The child experiences the scanning environment with the help of an EPT. 

The child has the opportunity to enter the PMRI unit in the same way they will in the clinical 

MRI unit, to lie on the gantry, to see and use a coil that will be part of their scan, and to hear 

the sounds of the unit (Malviya et al., 2000). Specific skills to enhance coping can be practiced, 

such as relaxation, controlled breathing, and guided imagery. Furthermore, specific 

requirements for the MRI would be taught and rehearsed such as breath-holds. Coping strategies 

for intravenous cannulation and intravenous administration of contrast agents during the scan 

can also be developed (Hallowell et al., 2008). 

Findings by Hallowell et al. (2008) illustrate that of the 291 children who underwent a PMRI, 

218 (74.9%) passed, and 227 (78%) went on to clinical MRI without GA. Of these 227 children, 

198 (87.2%) had passed a practice MRI, 1 (0.4%) had failed and 28 (12.3%) had bee 
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3.1.6 FETAL DIAGNOSIS 

Ongoing developments in prenatal imaging include advances in echocardiography that have 

improved rates of foetal diagnosis of CHD. Quartermain et al. (2015) reported that the rate of 

foetal diagnosis has increased in neonates and infants, particularly less than 6 months who need 

to undergo surgical intervention (26% in 2006 to 42% in 2012). Moreover, children who require 

operative intervention as neonates have drastically increased rates of prenatal diagnosis 

compared with those who had operative interventions as infants, 43.2% versus 23.9%, 

respectively. Often, the view comprises atrioventricular septal defects, large ventricular septal 

defects, hypoplastic left heart syndrome (HLHS), critical aortic stenosis, severe coarctation of 

the aorta, tricuspid atresia, pulmonary atresia with intact ventricular septum, Ebstein anomaly 

of the tricuspid valve (TV), and double inlet left or right ventricle (Hunter and Simpson, 2014).  

Foetal CHD diagnosis brings out the likelihood of foetal interventions, which could improve 

subsequent cardiac function. Moreover, lesions with the greatest potential benefit from foetal 

interventions are foetal arrhythmias, severe aortic or pulmonary stenosis (Holst et al., 2017). 

As observed the largest experience with foetal interventions is often the balloon dilation of the 

AV in foetuses, with critical aortic stenosis and additional features of left heart hypoplasia 

(Freud et al., 2014). 

Findings by Freud et al. (2014) reported that the initial attempt at foetal aortic valvuloplasty in 

100 patients with critical aortic stenosis was successful in 77 patients at a median gestational 

age of 23.8 weeks. However, of the 77 successful aortic valvuloplasty, 45% were able to 

undergo a biventricular repair rather than single ventricular pathway. Moreover, enhancements 

in survival in CHD and survival of 80-95% of children born with a congenital cardiac lesion 

surviving to adulthood have resulted in an increase in the incidence of reoperation in CHD and 

operation on adults with CHD (Fuller et al., 2015).  

Computed tomography and MRI imaging are particularly valuable in the preoperative 

evaluation of patients with a previous cardiac operation because of the superior visualization of 

anatomic structures in proximity to the sternum (Said and Dearani, 2014). During reoperations 

for CHD, the aorta and extracardiac conduits are at the greatest risk of injury on re-entry. 

Moreover, other structures at risk could include the innominate vein, the right atrium, or RV 

depending on the primary diagnosis (Holst et al., 2011).  
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4 CONCLUSION AND RECOMMENDATIONS 

4.1 Conclusion 

Cardiovascular magnetic resonance (CMR) has become a valuable investigative tool in the field 

of cardiac medicine. Its value in heart valve disease is well appreciated, particularly as 

echocardiography is a powerful and widely available technique in valve disease. Studies report 

that CMR is presently the best diagnostic modality for the assessment of RV size and function 

in patients with CHD. Furthermore, an increase in literature informs clinicians on how to use 

CMR data to monitor patients in a manageable manner. 

This thesis highlights the added value that CMR can bring in valve disease, complementing 

echocardiography in many areas, but it has also become the first-line investigation in some, 

such as pulmonary valve disease.  

CMR has many advantages, including the ability to image in any plane, which allows full 

visualization of valves and their inflow or outflow tracts, direct measurement of valve area 

(particularly for stenotic valves), and characterization of the associated great vessel anatomy 

such as the aortic root and arch in aortic valve disease. Albeit, the increase of MRI uses as an 

imaging modality in many fields of medicine; careful patient screening before the examination 

and accurate evaluation of the individual risk is still cautioned. This enhances the success of 

the MRI technique, around the globe. 

 

4.2 Recommendations 

The current study recommends a field examination of patients living with heart valvular 

diseases to be used in studies in the future.  

Moreover, a survey was implored to assess the aftereffects of the use of the MRI technique, 

several years later.  
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