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Abstract

Purpose of Review Rheumatic heart disease (RHD) is the predominant cause of mitral ste-
nosis (MS) worldwide. This review provides an overview of MS diagnosis, assessing disease
severity, and the hemodynamic impact of valve obstruction. Additionally, it examines dif-
ferent echocardiographic parameters and scoring systems employed to evaluate mitral valve
morphology and determining suitability for percutaneous mitral commissurotomy (PMC).
Recent Findings Echocardiography remains the cornerstone for diagnosing and assessing
MS severity, while also evaluating valve morphology for potential interventions. Three-
dimensional echocardiography planimetry is increasingly used in clinical practice as an as
accurate method to measure the true mitral orifice area. Net atrioventricular compliance
assessment can be useful for risk stratification, particularly in the presence of a discrep-
ancy between anatomic severity and functional status. Speckle tracking echocardiography
emerges as an innovative tool for early detection of left atrial dysfunction, predicting
the onset of atrial fibrillation, and adverse outcomes in MS patients. Cardiac magnetic
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resonance imaging, with its multiparametric analysis, stands as one of the beneficial imag-

ing methods in selected cases.

Summary Individualized approaches based on symptoms, MS severity, mitral valve morphol-
ogy are essential for precise management strategies that can improve patient outcomes.

Opinion Statement

Rheumatic MS remains a serious health concern, par-
ticularly affecting children and young adults
in low-to-middle income countries. It is important to
suspect the diagnosis in symptomatic patients, par-
ticularly those with dyspnea and cardiac murmurs in
endemic areas. Transthoracic echocardiography stands
as the primary imaging method for establishing the
diagnosis and determining disease management. While
a minority of patients necessitate further imaging tests
like stress echocardiography, cardiac computed tomog-
raphy, or cardiac magnetic resonance, echocardiogra-
phy itself is cost-effective and non-invasive. However,
its accessibility remains restricted for the most affected
population, potentially leading to delays in diagnosis,
which may impact survival rates and quality of life.

The treatment relies mainly on percutaneous mitral
valve intervention, leading to a significant increase
of the valve orifice and improvement in clinical out-
comes. Hemodynamic benefits and the risk of proce-
dural-related complications are primarily predicted by

Introduction

the anatomical features of the mitral valve. Patients
with good post-procedural results show promising
long-term outcomes, including excellent survival
rates, no functional impairment, and reduced need
for further surgeries or interventions. Nevertheless,
persistent processes can lead to disease progres-
sion, resulting in valvular restenosis at varying inter-
vals after the intervention, often necessitating valve
replacement at that stage.

Accurate risk stratification tools incorporating clinical,
imaging, and hemodynamic parameters assist in deter-
mining the optimal timing and approach for interven-
tions in patients with MS, considering that percutane-
ous mitral commissurotomy has evolved as an effective
alternative to surgery. Procedural success relies not only
on mitral valve morphology but also on various other
factors, including clinical characteristics, anatomic
features of theumatic MS, interventional management
strategies, and operator expertise.

Rheumatic heart disease (RHD) is the most important sequel of acute rheu-
matic fever (ARF), a disease caused by an abnormal immune response to
Streptococcus pyogenes infection [1, 2]. RHD has significantly declined in
developed countries. However, it remains a considerable challenge in low-to-
middle income nations, where it stands as a primary cause of cardiovascular
mortality among young individuals [3, 4, 5°°].

The Global Burden of Disease Study in 2019 estimated a worldwide preva-
lence of RHD at 40.5 million people (95% UI: 32.1 to 50.1 million). This
number has been on the rise since 1990 due to the disease’s chronic nature,
increased global awareness, wider availability of echocardiography for diag-
nosis, and improved survival rates. Nonetheless, in 2019, it accounted for
306,000 deaths and 10.7 million disability-adjusted life years (DALYs), pri-
marily affecting regions such as Oceania, South Asia, the Caribbean, and
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sub-Saharan Africa. The most vulnerable and poorest populations bear the
greatest impact [6*°].

RHD predominantly affects the mitral valve, being the primary cause of
mitral stenosis (MS) [7, 8¢¢]. Rheumatic fever triggers distinct changes in the
mitral valve, presenting diagnostic features including thickening along the
leaflet edges, commissural fusion, and shortening and fusion of the chordae
tendineae. These anatomic alterations generate a characteristic functional
appearance of rheumatic MS [8¢¢]. In its initial stages, the leaflets, rela-
tively flexible, curve open during diastole due to restricted motion at their
tips, predominantly noticeable in the anterior leaflet (Fig. 1). As the leaflets
progressively undergo fibrotic and calcific changes, this diastolic doming
diminishes. Commissure fusion results in a small oval-shaped central orifice
(Fig. 2). In advanced stages, the thickened leaflets may adhere and stiffen,
limiting their ability to fully open or close, occasionally causing both mitral
stenosis and regurgitation.

The narrowing of the valve orifice hinders blood flow from the left atrium
(LA) to the left ventricle (LV), elevating LA pressure and the gradient across
the mitral valve, which triggers LA dilation and impairs its function. This con-
dition initiates an upstream surge in pulmonary venous pressure, prompting
constriction in pulmonary arterioles and subsequently causing pulmonary
hypertension. Consequently, increased right ventricular (RV) afterload occurs,
resulting in RV hypertrophy, dilation, and eventual failure. Moreover, LV dys-
function can also be detected in MS related to various factors including rheu-
matic myocardial fibrosis, scarring of the subvalvular apparatus, decreased LV
compliance, abnormal right-left septal interactions, increased afterload, and
reduced LV filling [7, 8°¢, 9°].

Accurate diagnosis and evaluation play a pivotal role in identifying the
optimal timing and procedure for valve intervention, thereby enhancing

Fig. 1 Parasternal long axis view in diastole, showing diastolic doming (hockey-stick shape) of anterior mitral valve leaflet
and thickened, restricted posterior mitral valve leaflet. AO aorta, RVright ventricle, LV left ventricle, LA left atrium.
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Fig. 2 Three-dimensional transesophageal echocardiography, zoom-mode of mitral valve in the left atrial view exhibits
comissural fusion with a small valve orifice, indicative of severe rheumatic mitral stenosis.

survival rates and quality of life [10, 11*¢]. Echocardiography stands as
the most accurate method for diagnosing and assessing MS severity 8ee,
11+¢]. However, in specific cases, emerging imaging tools such as cardiac
computed tomography (CCT) and cardiac magnetic resonance (CMR) can
be helpful.

The purpose of the present study is to provide an overview of the cur-
rent diagnosis and evaluation methods for rheumatic MS.

Diagnosis

Clinical Presentation

Patients with MS typically manifest dyspnea, initially triggered by factors
elevating pulmonary venocapillary pressure, such as physical exertion,
pregnancy, or atrial fibrillation, gradually worsening over time [8¢°, 13,
15]. Additional symptoms include orthopnea, cough, hemoptysis, and
chest pain. Dysphagia and dysphonia can also occurs due to pressure
effects of a dilated left atrium on adjacent structures. Patients may also
be diagnosed after a complication like heart failure, atrial fibrillation,
embolic events, or infective endocarditis [10, 11°°, 12, 13].

Signs in physical examination indicating moderate-to-severe MS typi-
cally include a prolonged diastolic murmur (with presystolic accentuation
in normal sinus rhythm), a shortened interval between the second heart
sound (S2) and the mitral opening snap (OS), along with indications of
pulmonary arterial hypertension or RV overload [8¢¢].
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Imaging methods

Echocardiography stands as the most accurate method for diagnosing and
evaluating MS. Transthoracic echocardiography (TTE) is recommended for all
patients suspected of having MS to establish a diagnosis, determine its etiol-
ogy, quantity its severity, and assess its hemodynamic consequences [Class 1,
Level B] [11¢¢, 12-14]. The 2023 WHEF guideline for the echocardiographic
diagnosis of RHD presents updated recommendations concerning popula-
tion-based echocardiography and risk assessment strategies [11*¢].

The rheumatic process often involves the mitral valve distinctly, display-
ing characteristic features, including commissural fusion, leaflet thickening,
restricted leaflet motion, chordal thickening and shortening [16¢°].

Transesophageal echocardiography (TEE) is performed to evaluate the
presence of thrombi before percutaneous procedure and to determine mitral
valve morphology and the severity of mitral regurgitation when there are
uncertainties in the parameters obtained through transthoracic echocardi-
ography. [Class 1, Level C] [12, 17]. Overall, echocardiography is crucial in
managing MS progression, aiming to define the optimal timing for surgical
intervention, guides catheter-based or surgical treatments during procedures,
and diagnoses complications after intervention.

Although echocardiography is the cornerstone image method for diagno-
sis and evaluation of MS, cardiac computed tomography (CCT) and cardiac
magnetic resonance (CMR) imaging gain importance when echocardiography
is suboptimal or discordant with symptoms [18-20].

CCT may be useful in assessing the extent and localization of calcifica-
tion and in determining the feasibility of an intervention, especially to guide
transcatheter mitral valve procedures [19, 21, 22]. On the contrary of echocar-
diography and CMR, CCT lacks velocimetry data, limiting analyses to mitral
valve orifice planimetry. Few studies have investigated the role of CCT in
diagnosing MS, and the results remain insufficient to infer the reliability of
this method. Similar to CMR, CCT often overestimates mitral valve area by
planimetry [19, 20, 23]. Furthermore, CCT serves as an additional modality
for detecting left atrial thrombus [24, 25].

Current literature supports that CMR is feasible to diagnose MS as a
diagnostic alternative when echocardiography proves inconclusive [18, 19,
26-28]. Initially confined to morphological evaluations, CMR now incorpo-
rates velocity and gradient assessments through phase-contrast image analy-
sis. This expansion allows for the inclusion of mean transmitral gradient or
PHT indicators in CMR, facilitating a multiparametric analysis. Compari-
sons of mitral valve area (MVA) measurements by planimetry or PHT exhibit
strong correlations between echocardiography and CMR, albeit with CMR
often overestimates valve area [18, 20, 27-31]. Conversely, CMR frequently
underestimates peak velocities (E and A) and mitral valve gradients [18, 19,
26-28]. Hence, recognizing these anticipated discrepancies becomes crucial
in decision-making processes when diagnosing MS using CMR.

In conclusion, the accessibility of CMR and CCT is limited, especially in
low-income countries where the majority of MS cases occur. Additionally, the
cost of these examinations is also frequently a limitation for these patients.
Therefore, widespread diagnosis relying on these methods is unrealistic.
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Evaluation

While CMR remains more reliable than CCT, its use should be considered
when echocardiography is insufficient for diagnosing MS. Current guidelines,
therefore, do not advocate for the routine use of these methods in diagnosing
and evaluating rheumatic MS [12, 14].

Assessment the Severity and Hemodynamic Impact of MS

Echocardiography is pivotal in assessing the severity of MS. Various param-
eters are utilized to evaluate the severity of MS, including mitral valve area
(MVA), pressure half-time (PHT), transmitral mean pressure gradient, and
systolic pulmonary artery pressure (SPAP) [13, 14].

MVA is the most important echocardiography parameter to define MS
severity. Severe MS is defined when MVA<1.5 cm? and very severe MS is
indicated by MVA<1.0 cm? [12, 13].

Planimetry is the preferred method to measure MVA [13, 32]. The imaging
plane should be positioned at the tip of the valve to prevent overestimation,
and this method remains unaffected by flow changes [13]. Three-dimensional
(3D) echocardiography planimetry offers greater precision and consistency
compared to two-dimensional measures (Fig. 3). It eliminates the need for
assumptions and allows easy manipulation to accurately identify the true
mitral orifice, particularly beneficial in cases of an eccentrically oriented or
irregularly shaped mitral valve orifice [32-35]. 3D transesophageal echocar-
diography with multiplanar reconstruction can improve image alignment at
the mitral tips [36].

The pressure half-time (PHT), indicating the time for the instantaneous
pressure gradient to decline by half from its peak during early mitral inflow,
correlates inversely with MVA. PHT estimates functional valve area from the
pressure decay between the LA and LV. A value of>150 ms indicates severe
MS. This measurement is affected by the LA and LV compliance. Factors that
can alter this compliance, such as the presence of LV hypertrophy, associ-
ated aortic regurgitation, and immediate post-percutaneous procedures may
impact the results obtained by PHT. Significant MR reduces the reliability
of PHT-derived MVA, potentially leading to an underestimation of the valve
area [13].

Alternative methods to calculate MVA, such as the proximal isovelocity sur-
face area (PISA) method and continuity equation, are not routinely utilized due
to their complexity and susceptibility to multiple sources of error [13].

The transmitral mean gradient correlates with the severity of mitral steno-
sis: mild MS is indicated by <5 mmHg, moderate falls between 5 to 9 mmHg,
and severe by>10 mmHg, typically assessed at a heart rate of 60-80 bpm [13].
These gradients are influenced by flow dynamics and heart rate and should
be complemented by other parameters for a comprehensive MS assessment.

Systolic pulmonary artery pressure (SPAP) reflects the hemodynamic
impact of MS, calculated through the tricuspid regurgitation jet velocity and
estimated atrial pressure by the inferior vena cava during respiration. SPAP
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Fig. 3 The mitral valve area calculated through direct three-dimensional planimetry by transesophageal echocardiography
and QLAB software version 15. This process involves deriving two orthogonal views of the mitral valve from a 3D zoom-
mode acquisition, followed by meticulous alignment and tracing of the mitral valve orifice for accurate measurements. LV
left ventricle, LA left atrium.

levels>50 mmHg denote significant MS, 30-49 mmHg suggest moderate
severity, and <30 mmHg indicate mild MS [13, 14].

Net atrioventricular compliance (Cn) assessment can be useful for risk
stratification, particularly in the presence of a discrepancy between symptoms
and severity of MS [37¢]. Calculated non-invasively using echocardiography
based on the formula: Cn (mL/mm Hg) = 1270 x [planimetric MVA (cm?) /
E-wave downslope (cm/s?)]. A low Cn (<4 mL/mm Hg) significantly predicts
adverse outcomes in MS patients [37¢, 38, 39¢, 40], correlating with increased
SPAP during exercise [37¢, 41, 42].

In the echocardiographic evaluation of MS, another crucial aspect is assess-
ment the size and function of the left atrium (LA). Enlargement of the LA
indicates the hemodynamic burden imposed by MS and carries prognostic
implications. It is crucial not only to assess enlargement but also the shape
of the LA, as it contributes to the risk of thrombus formation and stroke
[15]. Furthermore, impaired LA function may indicate atrial myopathy from
rheumatic carditis, exacerbated by the chamber pressure overload. The inte-
gration of two-dimensional echocardiography with speckle tracking (2D-STE)
to measure strain offers a non-invasive means to detect early LA dysfunction,
facilitating risk stratification in these patients [43, 44]. Although LA con-
tributes to ventricular filling through its three functions, including reservoir,
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conduit and contractile, the reservoir function represents the most crucial
component of LA function in MS. Consequently, LA reservoir strain demon-
strates prognostic value in MS, as evidenced by previous studies establishing
its correlation with determining NYHA functional class and its association
with heart failure symptoms [43, 44]. Additionally, LA reservoir strain is also
a predict of new-onset AF in patients with rheumatic MS [43].

Right ventricular (RV) function significantly influences clinical symptoms
and prognosis. RV dilation and reduced contractility often indicate pulmo-
nary hypertension in MS [8¢¢, 9¢]. However, debate exists among researchers
regarding the etiology of RV dysfunction, with some suggesting direct rheu-
matic involvement leading to myocyte necrosis, fibrosis, and calcification.

Stress Echocardiography

Stress echocardiography is indicated in MS when there are discrepancies between
symptoms (NYHA functional class) and parameters of severity evaluated in
echocardiography at rest [Class 1, Level C] [12, 14, 44]. It can determine the
hemodynamic impact of MS, helping in clinical decision making [45].

Exercise echocardiography is the preferred choice due to its physiological
nature, capacity to demonstrate symptoms and NYHA functional class, and
the absence of drug-related side effects. The test should be maximum, limited
by symptoms. Exercise can be conducted using either a bicycle or treadmill,
depending on availability. The advantage of exercise in the bicycle is the pos-
sibility of assessing SPAP and mitral gradients throughout the examination.
However, with treadmill exercise, capturing images immediately after exertion
can pose practical limitations.

The most important parameters evaluated during the physical effort are
SPAP and transmitral mean gradient, considered hemodynamic significant
in theumatic MS when>60 mmHg and > 15 mmHg, respectively [8¢°, 13,
45]. SPAP at peak exercise predicts clinical outcomes and offers additional
prognostic value beyond standard resting measurements, including valve area
[37¢]. Not only SPAP at peak exercise is important, but the rapid increase in
SPAP and the decrease in Cn at lower loads can be associated with symptoms
in MS patients [46, 47].

Dobutamine echocardiography can be an alternative for patients unable
to undergo exercise testing. A transmitral mean gradient exceeding 18 mmHg
predicts adverse events, especially in patients with moderate MS, permit-
ting identify patients who may benefit from interventional procedures [48].
Notably, the assessment of SPAP is not recommended during dobutamine
echocardiography [45].

Mitral Valve Morphology Evaluation for Percutaneous Mitral Commissurotomy

A comprehensive assessment of valve morphology, including leaflet thickness
and mobility, degree and specific location of calcifications, and the extent of
subvalvular involvement, is critical to ascertain suitability for the percutane-
ous mitral commissurotomy (PMC). Various echocardiographic parameters
and scoring systems have been proposed to enhance patient selection and
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Conclusions

predict outcomes more effectively. Table 1 summarizes the main scores used
in predicting outcomes after PMC [49-60]. The most widely method used was
proposed by Wilkins et al. [49], which involves evaluating leaflet mobility,
thickening, calcification, and subvalvular thickening. Despite its widespread
use, this method presents several limitations. These include uneven distribu-
tion of pathological abnormalities, equal weighting given to all components
without differentiation in their contributions, a semiquantitative evaluation
leading to interobserver variations, and the lack of assessment of commissural
involvement, impacting its accuracy in predicting MR.

Another commonly used scoring system focuses on subvalvular disease
and mitral calcification using fluoroscopy, categorizing patients into three
groups based on the severity of subvalvular disease and valve calcification
[50]. The Nunes score includes dichotomous variables with different weight,
making evaluation more quantitative and precise to predict MR [51]. It
assesses multiple parameters, including valve area, subvalvular disease extent,
anterior mitral leaflet displacement, and the commissural area ratio. This
scoring system proves valuable in predicting outcomes for patients falling
within intermediate Wilkins score values [51]. Incorporating the extent of
commissural calcification [52], an integrated evaluation has been proposed to
accurately predict procedural outcomes. Among these approaches, the com-
bination of the Wilkins, Sutaria, and Nunes scores demonstrated the most
effective prediction of outcomes following PMC [53].

However, there have been no direct comparisons made between the exist-
ing scoring systems. Additionally, procedural success relies not only on mitral
valve morphology but also on various other factors, including clinical char-
acteristics, anatomic features of rheumatic MS, interventional management
strategies, and operator expertise [60].

Rheumatic MS is an important cause of heart valve disease worldwide. Stand-
ard transthoracic echocardiography remains the cornerstone of imaging
modality for diagnosing this condition. 3D echocardiography is increasingly
utilized in clinical practice due to its ability to provide a more consistent
and precise assessment of the valve area. The 2023 WHEF guideline for the
echocardiographic diagnosis of RHD presents updated recommendations
concerning population-based echocardiography and risk assessment strate-
gies. MS treatment relies mainly on valvular interventions, which results in a
significant increase of valve orifice with improvement in clinical outcomes.
Assessing the morphological characteristics of the mitral valve plays a pivotal
role in determining intervention strategies.
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