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1. INTRODUCTION: 

Mitral regurgitation is a valvular common cardiac disease and is the 2nd most common indication for valvular 

heart surgery among countries of the west. About ‘9’% of the population aged over 75 years old within the United states 

have mitral regurgitation. Heart imaging is significant for making diagnosis, determining the disease’s cause, monitoring 

progression of the disease, as well as planning the definitive treatment modality for mitral regurgitation.  

Mitral regurgitation is subdivided classically to primary mitral regurgitation, because of structural or 

degenerative mitral valve abnormalities, or secondary mitral regurgitation that takes place as a result of cardiac other 

diseases, as dysfunction of left ventricle but, firstly, with no structural abnormalities of mitral leaflet. Because of the 

more prevalence of cardiac ischemic disease, the secondary mitral regurgitation is more common than primary valvular 

diseases, it takes place among about 1/4 of the patients after myocardial infarction, and reaching ½ the patients having 

heart failure, dysfunction of left ventricle, as well as cardiomyopathy. (1) 

Occurrence of secondary mitral regurgitation makes the prognosis worse and had only few treatment options, 

as repair or replacement of mitral valve, are present in context of symptomatic and severe mitral regurgitation. But, it’s 

still unclear which choice offers the ideal outcomes among that population, particularly due to that repair of mitral valve 

is related to a greater rate of post-surgery recurrence of significant mitral regurgitation. 

A full hemodynamic and anatomical evaluation of the mitral valve and left ventricle is significant for improving 

management as well as making of decisions among that population. Our review examines the manner by which the 

multi-modality imaging method could be used and affect the management as well as making of decisions among patients 

having mitral regurgitation. The valuableness and current advances within echocardiography, cardiac magnetic 

resonance imaging, in addition to cardiac computed tomography as well as positron emission tomography scan will be 

discussed. 

2. LITERATURE REVIEW: 

Assessment of severity of Mitral Regurgitation: 

The significant relation between severity of mitral regurgitation and its outcomes concerns on the evaluation of 

severity of mitral regurgitation as a main part for clinical work as well as making of decisions among patients having 

mitral regurgitation. The updated current guidelines from the ‘American Echocardiography Society’ suggest an 

integrated method involving semi-quantitative quantitative, as well as qualitative techniques for determining the extent 
of secondary mitral regurgitation, eventually classified as severe, moderate, and mild. (2) 

The methods of color Doppler are the commonly most used for quantifying mitral regurgitation and involve the 

evaluation of the jet area to area of the left atrium ratio of the distal mitral regurgitation, the width of the vena contracta 

as well as the isovolumetric proximal surface area for deriving effective regurgitant orifice area, volume, and fraction.  

In accordance to the updates of 2017 of the ‘American Echocardiography Society’ and American Heart 

Association /American College of Cardiology guidelines, the used cut-offs for determining severe mitral regurgitation 

among patient having secondary mitral regurgitation are recently the same to the used ones for primary mitral 

regurgitation, mitral regurgitation jet area/left atrium area ratio more than 50%, width of vena contracta equals to or 

more than ‘0.7’ cm, effective regurgitant orifice area equals to or more than ‘0.40’ cm2, regurgitant volume equals to or 

more than ‘60’ mL, as well as regurgitant fraction equals to or more than ‘50’%. But, many factors are capable of 

limiting the assessment reliability of mitral regurgitation severity, utilizing the methods of color Doppler, as loading 

circumstances, multiple or eccentric non-holosystolic jet of mitral regurgitation, non-hemispherical isovelocity proximal 

surface area, as well as regurgitant non-circular orifice. (3) 
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All the universal guidelines suggest quantitative approaches, that assess the regurgitant volume, fraction, as well 

as the effective regurgitant orifice area, as those seem to possess more accuracy. Quantitation depends on hydro-dynamic 

values that depend on the blood non-compressibility and the mass principle’s conservation. Flow could be assessed as 

‘flow = (area of the vessel) multiplies (mean blood velocity)’.  

Geometrical assumption principles are utilized for measuring 3 indicative parameters of severity of mitral 

regurgitation, which are effective regurgitant orifice area, that is the mean systolic regurgitant orifice’s area, an estimate 

of  severity of the lesion, in addition to mitral regurgitant volume, that is the regurgitated volume in every systole, an 

estimate of overload absolute volume, besides to mitral regurgitant fraction, which is the % of the overall left ventricular 

stroke volume presented by the regurgitant volume, an estimate of overload relative volume. (4) 

3. For deriving the quantitative parameters of severity of mitral regurgitation, echocardiography utilities those 

validated 3 methods:  

 In pulsed wave Doppler, regurgitant volume is assessed as the difference between aortic and mitral stroke volume, 

regurgitant fraction is observed as the regurgitant volume ratio to stroke volume mitral valve, and effective 

regurgitant orifice area as the regurgitant volume ratio to the regurgitant index of jet velocity time.  

In the stroke volume assessment, both annular area of mitral valve and left ventricular outflow tract are expected to 

be geometrically circular. Incorrect measurements of diameter will lead to significant errors because the value have 

to be squared for generating the cross-sectional area. (5) 

 Within the volumetric technique, regurgitant volume is assessed as the difference between stroke volume of left 

ventricle as well as stroke volume of aorta. The possible pitfall of that technique is underestimation of true volume 

of the left ventricle, so in turn underestimating severity of regurgitation. The usage of 3-Dimensional 

echocardiography may enhance the accuracy of determinations of volume of the left ventricle. (6) 

 Within proximal isovelocity surface area, that method concerns on the convergence of flow proximal to regurgitant 

orifice as stated with color-flow imaging, in which radius of proximal isovelocity surface area of the zone of  

convergence could be derived. Flow within the zone of convergence is believed to be equal to the flow within 

regurgitant orifice. The usage of continuous wave Doppler of the mitral regurgitation jet enables assessment of the 

effective regurgitant orifice area as well as the regurgitant volume. (7) 

 Echocardiography: 

Echocardiography is the primary method for evaluation and diagnosis of patients having mitral regurgitation, 

transthoracic as well as transesophageal echocardiography have complementary actions. Transthoracic 

echocardiography is used mainly for hemodynamic assessment as regurgitations of valves, pressure of the pulmonary 

artery, and stroke volume, etc., besides to assessment of atrial and ventricular function and geometry, while transthoracic 

echocardiography is used mostly for anatomical evaluation of the mitral valve. The integration of 2-Dimensional multi-

planar, as well as 3-Dimensional imaging from transthoracic as well as transesophageal echocardiography is needed for 

providing full hemodynamic and anatomical evaluation of patients having mitral regurgitation. That method is beneficial 

for guiding percutaneous or surgical intervention as well as determining the ideal option for patients having severe 

secondary symptomatic mitral regurgitation. (8) 

 Trans-thoracic Echocardiography: 

Precise grading of severity of mitral regurgitation is significant, as recent guidelines recommend only surgical 

intervention when mitral regurgitation is observed as severe by the standardized criteria. The guidelines of ‘American 

Echocardiography Society’ as well as ‘European Cardiology Society’ suggest using multiple semi-quantitative, 

qualitative, as well as quantitative echocardiographic parameters during assessing severity of mitral regurgitation, 

despite that each of them own their specific limitations.  

 Trans-esophageal Echocardiography:  

In asymptomatic severe mitral regurgitation, ideal outcomes are fulfilled in healthcare centers where rates of repair 

of mitral valve are more than ‘95’%, and the mortality is less than ‘1’%. Measuring the feasibility of surgical successful 

repair is consequently significant. Transesophageal echocardiography is capable of providing beneficial information 

regarding the likelihood of repair of mitral valve when transthoracic echocardiography has poor quality or when 

calcified, complex, or endocardial lesions are expected. Transesophageal echocardiography is recommended within 

intraoperative setting for more diagnostic re-finement, beside to it’s an indispensable tool for imaging to guide 
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percutaneous procedures of mitral valve. Separately from delineating lesions anatomy and guiding device deployment, 

it offers information on its hemodynamic dysfunction post- and pre-repair as well. (9) 

3-Dimensional transesophageal echocardiography provides significant role in localizing prolapse of valve and in 

simulating valve’s view of surgeon, through orientating the images for exhibiting the aortic valve at the position of 11 

a clock. However, it’s significant noting that transesophageal echocardiography is semi-invasive and so it’s not suitable 

for the serial studies. (10) 

 Color-Flow Doppler:  

Despite that a mild mitral regurgitation could be diagnosed easily with color-flow method, qualitative evaluation 

of bigger jets is difficult. Size of the atrium is associated with the pressure within it as well as compliance, both of them 

may influence the jet area.  

That technique must not be utilized to grade severity of mitral regurgitation. If over a central small jet is noted, 

vena contracta assessment and the method of convergence of flow, the isovelocity proximal surface area is 

recommended. (11) 

 Continuous-wave Doppler: 

The envelope of continuous wave Doppler of the signal of mitral regurgitation may offer clues to severity of the 

lesion. As the Doppler signal intensity is in proportion to the scatterers number within the beam, severe mitral 

regurgitation with high regurgitant volumes generally generate Doppler envelopes of large intensity. 

A dense signal of continuous wave Doppler of the jet of mitral regurgitation is in consistency with severe mitral 

regurgitation. However, there are numerous limitations to that technique, including that there aren’t particular criteria 

for moderate mitral regurgitation designation, besides to the lack of findings that is consistent with either severe or mild 

mitral regurgitation. In addition to, interpretation of patterns color flow is individualized, so in turn blurring 

differentiation between severe and moderate. (4) 

As density of signal is based on jet spectral recording, a central jet that is well-aligned with the beam of ultrasound 

may seem more dense than eccentric jet of more severity, as well as despite that particular signs possess positive high 

predictive value, they aren’t sensitive for detecting severe mitral regurgitation. (6) 

 Cardiac Magnetic Resonance Imaging: 

Cardiac Magnetic Resonance Imaging is the advanced gold standard used to define the myocardial structure and 

architecture of tissue, and is largely used for study and management of athletes. Cardiac Magnetic Resonance Imaging 

enables detailed evaluation of cardiac functions, function and morphology of valves, origin of coronary artery as well 

as its proximal course, besides to the great vessels anatomy.  

Cardiac Magnetic Resonance Imaging is an evolving, non-invasive method which can offer full evaluation of the 

mitral valve as well as mitral regurgitation. Also, Cardiac Magnetic Resonance Imaging offers unique reproducibility 

and accuracy in assessment of atrial and ventricular function and size, enabling full longitudinal as well as post-operative 

evaluation of left ventricular reverse remodeling. (12) 

A detailed assessment with usage of cine Cardiac Magnetic Resonance Imaging enables a systematic anatomic 

inspection of the mitral valve as well as characterizes the mitral regurgitation, both of them share in determining the 

mitral regurgitation etiology. The mitral regurgitation severity could be assessed by utilizing numerous quantitative 

methods based on Cardiac Magnetic Resonance Imaging. Moreover, Cardiac Magnetic Resonance Imaging offer 

information regarding the mitral regurgitation mechanism through identifying morphologic mitral valve abnormalities. 

(13) 

The existence of flail or billowing segments could be determined through cine dedicated imaging concerning on the 

various mitral valve scallops. Within secondary mitral regurgitation, Cardiac Magnetic Resonance Imaging can offer a 

precise assessment of dysfunction and dilatation of left ventricle, besides to identification of formation of scars within 

cardiac and papillary muscles. 

During a multicenter prospective study by Myerson & his colleagues, asymptomatic patients having severe or 

moderate primary mitral regurgitation identified by echocardiography, undergone baseline Cardiac Magnetic Resonance 

Imaging, and then followed up for about ‘8’ years. Cardiac Magnetic Resonance Imaging quantification of mitral 
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regurgitation identified the patients accurately who developed symptoms or other who needed surgeries, ‘91’% of these 

participants had regurgitant volumes less than or equal to ‘55’ ml, survived nearly 5 years with no surgery in comparison 

with ‘21’% only of the participants who had regurgitant volumes more than ‘55’ ml. (14) 

The same findings were noted in another dual-center prospective study by Penicka & his colleagues where 

asymptomatic patients having severe or moderate primary mitral regurgitation identified by echocardiography, 

undergone baseline Cardiac Magnetic Resonance Imaging, and then followed up for about ‘5’ years. Within that study, 

the authors showed that volume of mitral regurgitation which was derived from Cardiac Magnetic Resonance Imaging 

was the ideal mortality predictor. Besides to, when volume of mitral regurgitation was integrated with the indication for 

surgery of mitral valve as an outcome, there was an increase in the predictive value. The other significant finding of that 

study was that, the consistence between echocardiography as well as Cardiac Magnetic Resonance Imaging for 

categorizing primary mitral regurgitation was poor for patients having late systolic or multiple jets mitral regurgitation. 

(15) 

A multicenter prospective study among patients having secondary or primary mitral regurgitation indicated 

substantial discordance within the mitral regurgitation severity as evaluated with either echocardiography or Cardiac 

Magnetic Resonance Imaging on basis of the integrated technique of ‘American Echocardiography Society’ or the 

regurgitant volume that is based on isovelocity proximal surface area. (16) 

 Cardiac Computed Tomography:  

Cardiac Multi-slice Computed Tomography could be useful particularly preoperatively as it offers complementary 

required information on safety and feasibility of replacement or repair of mitral valve. Besides to assessing the extent 

of calcification of mitral valve annulus, cardiac Computed Tomography can offer detailed estimates of the geometry of 

mitral valve, as well as measures the angle between the anterior mitral valve and left ventricle outflow track for aiding 

pre-procedural planning, so in turn reducing the risk of obstruction of left ventricle tract for outflow within advanced 

transcatheter methods of replacements of mitral valve. (17) 

Also, the usage of cardiac Computed Tomography enables the simultaneous cardiac venous and arterial systems 

visualization, as well as anatomy that can help in planning of percutaneous repair of mitral valve. Despite that cardiac 

cine Computed Tomography imaging can detect as well as localize segmental prolapse reliably, that’s not performed 

routinely because of the required radiation high dose. (18) 

 Positron Emission Tomography: 

The positron emission tomography scan, has the largest sensitivity for identifying myocardial viability, regardless 

its status of contractility. Utilizing ‘18-fluorin-deoxyglucose’, which is a tracer that reflects usage of glucose, myocardial 

uptake quantification of the ‘18-fluorin-deoxyglucose’ is utilized as a viability marker of the myocardium. That viability 

is related to significant reverse left ventricle remodeling, and improvement of its function, as well as improvement of 

the functional class and capacity for exercise, besides to better results, and can so be utilized for stratifying risks of 

patients having secondary mitral regurgitation where transcatheter or surgical intervention is organized. (19, 20) 

4. CONCLUSION: 

Through integrating mainly transthoracic as well as transesophageal Echocardiography, Cardiac Magnetic 

Resonance Imaging, Cardiac Multi-slice Computed Tomography, and positron emission tomography scan, a full 

assessment of patients having mitral regurgitation could be done, enabling assessment of the mitral regurgitation severity 

as well as the anatomy of the mitral valve and the left ventricle, besides to detecting fibrosis as well as myocardial 

viability. A multi-modality imaging method for evaluating patients having mitral regurgitation has the clinical capability 

of improving management as well as making of decisions among that population. 
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