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Abstract

Background: Right Ventricular (RV) failure has a critical role in the onset and progression of clinical symptoms and the

prognosis of patients with Mitral Stenosis (MS), but the exact role, effect, and pathophysiology of RV dysfunction in MS is

still controversial. In this study, we aimed to evaluate echocardiographic signs of systolic RV dysfunction using Tissue Doppler

Imaging (TDI) and Velocity Vector Imaging (VVI) in subjects with severe and very severe MS. Methods: 46 isolated MS cases

(23 severe and 23 very severe) and 23 healthy controls were enrolled in this study. RV function was assessed by tricuspid

annular plane systolic excursion (TAPSE), fractional area change (FAC), and peak systolic velocity of the tricuspid annulus

(S’) using TDI, and RV free wall strain (RVFWS) employing VVI. Furthermore, these values were compared with mitral valve

area (MVA) and pulmonary arterial pressure (PAP). Results: TAPSE, FAC, S’, and RVFWS values were substantially declined

in MS cases compared with healthy controls. Moreover, PAP values were considerably increased in MS subjects. Additionally,

S’ and TAPSE values were significantly lower in very severe MS patients compared with severe patients. Conclusion: RV

systolic function deteriorates in patients with severe and very severe MS. It appears that the degree of the severity of MS can

proportionately affect the extent of RV dysfunction and some of its echocardiographic markers such as S’ and TAPSE. TDI and

VVI can be used as practical early diagnostic methods for RV dysfunction in MS.
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Abstract

Background: Right Ventricular (RV) failure has a critical role in the onset and progression of clinical symp-
toms and the prognosis of patients with Mitral Stenosis (MS), but the exact role, effect, and pathophysiology
of RV dysfunction in MS is still controversial. In this study, we aimed to evaluate echocardiographic signs of
systolic RV dysfunction using Tissue Doppler Imaging (TDI) and Velocity Vector Imaging (VVI) in subjects
with severe and very severe MS.

Methods: 46 isolated MS cases (23 severe and 23 very severe) and 23 healthy controls were enrolled in this
study. RV function was assessed by tricuspid annular plane systolic excursion (TAPSE), fractional area
change (FAC), and peak systolic velocity of the tricuspid annulus (S’) using TDI, and RV free wall strain
(RVFWS) employing VVI. Furthermore, these values were compared with mitral valve area (MVA) and
pulmonary arterial pressure (PAP).

Results: TAPSE, FAC, S’, and RVFWS values were substantially declined in MS cases compared with
healthy controls. Moreover, PAP values were considerably increased in MS subjects. Additionally, S’ and
TAPSE values were significantly lower in very severe MS patients compared with severe patients.

Conclusion: RV systolic function deteriorates in patients with severe and very severe MS. It appears that
the degree of the severity of MS can proportionately affect the extent of RV dysfunction and some of its
echocardiographic markers such as S’ and TAPSE. TDI and VVI can be used as practical early diagnostic
methods for RV dysfunction in MS.

Keywords (MeSH)

Mitral Valve Stenosis; Echocardiography; Right Ventricle; Velocity vector imaging; Tissue Doppler imaging;
Strain rate imaging

Introduction

Mitral stenosis (MS) is a cardiac disorder generally caused by Rheumatic Fever (RF) and characterized by
morphological changes in the mitral valve such as commissural fusion, retraction, thickening and narrowing
of the mitral valve apparatus and leaflets 1. Right Ventricular (RV) failure has a critical role in the onset and
progression of clinical symptoms and the prognosis of MS patients, but the exact role, effect, and pathophysi-
ology of RV dysfunction in MS is still controversial 2.. Some theories suggest that the pathophysiological and
structural changes that are caused by MS lead to pulmonary hypertension (PH) and increased pulmonary
artery pressure (PAP), which eventually result in RV dysfunction 3. It is still not known whether the degree
of MS severity has a correlation with RV dysfunction independent of PH and high PAP.

Furthermore, echocardiographic markers are able to predict rehospitalization rates in MS patients4. Since
a delayed diagnosis can result in high rates of morbidity and mortality, while early interventions have
immensely improved clinical outcomes, early detection of RV dysfunction is critical for the patients5. Various
imaging methods have been employed to evaluate RV function such as radionuclide angiography, contrast

2
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. right ventriculography, and novel modalities like magnetic resonance imaging; however, most are confined
by restrictions 6. Although cardiac imaging has remarkably improved in recent years, measuring the size
and function of RV has remained a complex process due to the special crescent structure of the RV and
morphological differences between the Left Ventricle (LV) and RV 7-9. Tissue Doppler imaging (TDI) is
a simple, safe, cost-effective, and accurate modality for detecting both RV and LV dysfunction 10. Even
though TDI enhanced the diagnostic yield of echocardiography, the reliability of its data is controversial due
to its angle dependency11. Velocity Vector Imaging (VVI) is among the more novel and more reliable means
of investigating LV and RV function using strain imaging, due to being angle-independent 12-16.

In order to assess the correlation of the degree of MS severity with RV dysfunction and to discover the
echocardiographic markers that can be used as early diagnostic features of subclinical RV dysfunction, we
aimed to investigate the echocardiographic signs of systolic RV dysfunction using TDI and VVI in patients
with severe and very severe mitral stenosis.

Methods and Materials

Subjects

This cross-sectional study was performed on 46 patients with isolated MS and 23 healthy controls (matched
by sex and age) at the Echocardiography Center of Qaem Hospital, Mashhad, Iran. Patients who had
a history of more-than-moderate mitral insufficiency, LV failure, Ejection Fraction (EF) of <50%, valvular
surgery, stenosis or insufficiency in other cardiac valves, were not included in the study. Additionally, patients
with a history of atrial fibrillation (AF), underlying respiratory disease, coronary artery disease (CAD), or
smoking were excluded before the start of the study. According to the latest guideline (at the time of the
study) for the management of patients with valvular heart disease, patients were categorized into two groups
of 23 severe (mitral valve area (MVA) between 1-1.5 cm) and 23 very severe MS subjects (MVA [?]1.0 cm)
2.

Echocardiographic Assessments and Outcome Measurements

Patients underwent transthoracic echocardiography using a Siemens ACUSON SC2000 by an expert specialist
of echocardiography. Measurements were in accordance with the latest guideline of The American Society of
Echocardiography and the European Association of Cardiovascular Imaging9. All routine echocardiographic
parameters in MS patients were measured and calculated using standard parasternal and apical windows.
The planimetric method was utilized to measure MVA. Additionally, RV size was evaluated by conventional
apical four-chamber view at end-diastole. RV systolic function was assessed by tricuspid annular plane
systolic excursion (TAPSE), fractional area change (FAC), peak systolic velocity of the tricuspid annulus
(S’) using TDI, and RV free wall strain (RVFWS) by VVI software Syngo® Workplace. RV longitudinal
function was evaluated by TAPSE in M-mode echocardiography with the cursor optimally aligned along the
direction of the lateral annulus of tricuspid valve in the apical four-chamber cardiac view. TDI was employed
to calculate S’, while taking caution to prevent velocity underestimation by keeping the annulus and the
basal segment aligned with the Doppler cursor. FAC was assessed in RV-focused apical four-chamber view,
by determining the end-diastolic and end-systolic area (100 × [End-diastolic area – End-systolic area] / End-
diastolic area). Recorded offline images were analyzed by Syngo® Workplace software in order to measure
strain. To guarantee that the entire myocardial wall was included, endocardial and epicardial borders of RV
were traced and adjusted manually. The software automatically traced and calculated the velocity of the
tangential motion of the speckles of the myocardium. RV free wall (RVFW) was defined as apical lateral,
mid lateral, and basal lateral segments; and RV free wall strain (RVFWS) values were recorded and reported
for each patient. (Figure 1.)

Statistical Analysis

Statistical analyses were carried out using the SPSS for Windows TM, version 16.0 software packages.
Measures of central tendency, dispersion, and frequency distribution were used for data description. In order
to compare RV functional parameters the analysis of variance (ANOVA) or its non-parametric equivalent,
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. Kruscal-wallis test was used. The Post-Hoc Tukey test was utilized to compare the RV echocardiographic
parameters between multiple groups and the Chi-square test was used for qualitative variables. In addition,
Pearson or Spearman’s correlation tests were used to assess the relation between MVA and RV function
parameters. A two-sided P-value<0.05 was considered statistically significant.

Results

Forty-six MS patients (23 severe and 23 very severe) and 23 healthy controls were recruited into our study.
The mean age of the participants was 42.49 ± 13.1 years old (ranging from 19 to 74 years) and 68.1% (n=47)
of the subjects were female. The demographic information of the participants are summarized in table 1.
Mean FAC was significantly higher in healthy subjects compared with MS patients (p<0.001). However, no
meaningful differences were observed between severe and very severe MS patients (p=0.97). Table 2 shows
the comparison of RV functional parameters between the study groups. There were significant differences
in S’ values within groups (p=0.008) using one-way ANOVA test. Further analysis by Post-Hoc Tukey test
showed that S’ was significantly lower in patients with very severe MS compared with severe MS cases
(p=0.017) and healthy individuals (p=0.012, table 2). There was a gradual decline in TAPSE value from
the healthy subjects to very severe MS patients (p<0.001, table 2). Furthermore, RVFWS was significantly
higher in healthy subjects in comparison with severe and very severe MS patients (27.4 ± 2.7 vs. 13.6 ± 7.2
and 13.4 ± 5.2, respectively; p<0.001). Average PAP values were considerably higher in all MS patients, but
displayed no discrepancies among severe and very severe subjects.

Pearson and Spearman’s correlation tests were used to investigate possible associations of MVA or PAP
values with other echocardiographic parameters. MVA values showed significant correlation with TAPSE
and S’ values in patients with MS (r=0.55 and r=0.43, p <0.001 and p=0.004, respectively; shown in table
3). Moreover, the correlation analysis between PAP and other factors showed a substantial connection with
FAC and RVFWS values (p<0.05).

Discussion

Our findings confirm that RV systolic function was diminished in MS patients. S’, FAC, TAPSE, and RVFWS
values were significantly reduced in MS cases compared with the control group. Furthermore, average PAP
values were substantially increased in MS patients. In addition, S’ and TAPSE values were considerably lower
in very severe MS patients compared with severe patients, which not only verify the relationship between MS
and RV dysfunction, but also indicate that the severity of MS correlates with the extent of RV dysfunction
and its echocardiographic markers.

Various imaging modalities have been utilized in order to diagnose MS patients with pre-symptomatic and
subclinical RV failure. Tanboga et al. employed TDI and two-dimensional speckle tracking echocardiography
in order to assess 59 MS cases (33 mild and 26 moderate patients)17. Even though they found no connec-
tions between FAC values of healthy controls and MS patients, markers such as RVFWS and strain rate
demonstrated strong evidence of RV dysfunction in MS cases17. However, their subgroup analysis on mild
and moderate patients did not show any correlations between the severity of the disease and the level of RV
dysfunction. It is important to note that Tanboga et al. studied mild and moderate MS cases, whereas our
study selected severe to very severe patients. The duration and degree of severity of the disease can affect the
process of RV dysfunction, which might justify this divergence in findings. Thus, further studies on various
degrees of severity and duration of MS with larger samples are required to shed more light on the relation
of severity of MS with the degree of RV dysfunction. Similar studies have consistently demonstrated that
declined TAPSE, S’, and RVFWS values are good predictors of early RV dysfunction but have not discussed
the effects of severity of MS 4,6,18,19.

Even though our findings agree with previous studies, the pathophysiology of RV dysfunction is still debata-
ble. Some studies have speculated that the initial rheumatic heart disease and its subsequent scarring process
might directly damage the RV myocardium in MS patients, which could possibly lead to RV dysfunction
and reduced RV ejection performance 20,21. On the other hand, according to recent studies, MS patients
tend to have a passive elevated left atrial pressure, which results in pulmonary venous hypertension3,22. As a
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. complication of longstanding MS, a retrograde passive increase in pressure contributes to elevated pulmonary
arterial pressure 3. In time, this phenomenon alongside pulmonary arteriolar vasoconstriction and changes in
the pulmonary microvasculature would subsequently lead to pulmonary artery hypertension, which increases
RV afterload and results in RV dysfunction and right sided heart failure 3,22. A study by Ozdemir et al.
provided evidence for the latter hypothesis by examining RV systolic function in 45 mild to moderate pure
MS patients against 21 healthy individuals 6. Their results demonstrated that global RV strain and S’ are
decreased in MS patients. They divided global RV strain into two regional components of interventricular
septum (IVS) and RVFWS and showed that the rheumatic process does not influence the contractility of
the RVFWS. In addition, their findings implied that RV dysfunction was more likely due to mild increase in
PAP and its subsequent increased afterload. Even though we initially aimed to investigate the correlation of
the degree of MS severity and echocardiographic parameters of RV function through multivariate analysis,
irrespective of PAP values, our sample size restricted our analysis, and consequently multivariate analysis
could not be performed distinctively on severe and very severe subgroups, in order to exclude the effect of
PH and PAP. However, our results indicated that PAP has a significant correlation with RVFWS in MS pa-
tients, which was similar to the findings of Ozdemir et al. Many studies on PH have proven the correlation of
increased PAP with RV dysfunction and have also shown the relation of echocardiographic impairments such
as RVFWS with PAP and MS 12,23-28. Thus, RVFWS can be used as an early indicator of RV dysfunction
in MS patients.

PH in MS patients is potentially reversible. Several studies have shown rapid improvements in echocardiogra-
phic variables such as TAPSE, FAC, and RVFWS after interventions such as percutaneous transvenous mitral
commisurotomy, balloon mitral valvuloplasty, or mitral valve repair in MS patients 29-33. Future studies could
investigate the possibility of early interventions in MS patients as soon as echocardiographic markers start
to deteriorate (before the remodeling of RV and the appearance of clinical signs and symptoms), in pursuit
of increased survival and quality of life in these individuals.

Limitations

At the preliminary stage of designing this study, we aimed to investigate the correlation of the degree of
MS severity and echocardiographic parameters of RV function through multivariate analysis, independent of
PAP values. However, we were unable to identify and include the sufficient number of patients with various
degrees of MS severity (who met our inclusion/exclusion criteria) necessary for providing a significantly
meaningful multivariate analysis on severe and very severe subgroups, while accounting for and eliminating
the effect of PAP.

Conclusion

In conclusion, our data verify that RV systolic function is decreased in patients with severe and very severe
MS. TDI and VVI echocardiographic features such as S’, TAPSE, RVFWS, and FAC are useful predictors
of RV dysfunction. We advise regular echocardiographic measurements for MS patients in order to ensure
early detection of RV dysfunction predictors. If impairments in these parameters were recognized early in the
course of the disease, timely interventions might be able to prevent, decrease, or reverse the adverse effects
of MS such as PH or RV dysfunction and drastically improve the prognosis of MS patients. Further studies
with larger cohorts of mild, moderate, severe, and very severe MS cases are necessary to establish the extent
of RV systolic dysfunction using various echocardiographic measurements.
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Tables

Table 1 . Demographic characteristics of patients within subgroups.

Variables Variables

Control Group
N=23 N(%) or
Mean±SD

Patients with
severe MS N=23
N(%) or
Mean±SD

Patients with
very severe MS
N=23 N(%) or
Mean±SD *P-value

Sex** Male 9 (39.1%) 6 (28.1%) 7 (30.4%) 0.69
Female 14 (61.8%) 17 (71.9%) 16 (69.5%)

Age (y) Age (y) 36.7 ± 11.9 43.7 ± 13.3 47.1 ± 12.3 0.08
BSA (m2) BSA (m2) 1.73 ± 0.10 1.77 ± 0.09 1.71 ± 0.19 0.386
PR (bpm) PR (bpm) 79.5 ± 12.4 86.1 ± 10.4 84.4 ± 14.7 0.331

*ANOVA test was used to compare the variables between groups. **Chi-square test was used to compare
the distribution of gender between study groups.

BSA: Body Surface Area in square meter (m2), PR: Pulse Rate in beats per minute (bpm)

Table 2 . Comparison of RV functional parameters between the study groups.
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Variables
Control Group
N=23 Mean±SD

Patients with
severe MS N=23
Mean±SD

Patients with
very severe MS
N=23 Mean±SD \euro P-value

P-value between
subgroups

PAP(mmHG) 23.2 ± 3.3 43.2 ± 9.3 47.0 ± 19.1 <0.001 C vs 2-*** C vs
3-*** 2 vs 3-*

FAC (%) 52.8 ± 8.6 27.9 ± 14.0 29.0 ± 8.1 <0.001 C vs 2-*** C vs
3-*** 2 vs 3-*

S’ (cm/s) 13.6 ± 1.9 14.1 ± 4.8 10.7 ± 2.1 0.008 C vs 2-* C vs
3-** 2 vs 3-**

TAPSE(cm) 2.5 ± 0.4 2.3 ± 0.4 1.6 ± 0.5 <0.001 C vs 2-* C vs
3-*** 2 vs 3-***

Strain (%) 27.4 ± 2.7 13.6 ± 7.2 13.4 ± 5.2 <0.001 C vs 2-*** C vs
3-*** 2 vs 3-*

PAP: Pulmonary artery pressure, FAC: Fractional Area Change, S: Velocity of the tricuspid annular systolic
motion, TAPSE: Tricuspid annular plane systolic excursion

*: P>0.05

**: P<0.05

***: P<0.01

: The Post-Hoc Tukey test

Table 3 . Evaluation of the possible associations between echocardiographic parameters and MVA and PAP
values in MS patients.

Variables MVA* (cm2) MVA* (cm2) PAP (mmHg)** PAP (mmHg)**

r P-value r P-value
FAC (%) 0.09 0.53 0.47 0.005
S (cm/s) 0.43 0.004 0.15 0.39
TAPSE(cm) 0.55 <0.001 0.11 0.55
RVFWS (%) 0.10 0.51 0.34 0.04

MVA: Mitral Valve Area, PAP: Pulmonary artery pressure, FAC: Fractional Area Change, S: Velocity of
the tricuspid annular systolic motion, TAPSE: Tricuspid annular plane systolic excursion, RVFWS: Right
Ventricular free wall Strain

*: Pearson’s correlation test

**: Spearman’s correlation test

Figure

Figure 1.

Velocity vector imaging of the right ventricular endocardium of a patient with mitral stenosis. Different
colors in figure a. reflect each segment of the right ventricular wall, separately. Each yellow vector in figure
b. shows the corresponding myocardial motion towards the reference point at the apex of the heart.

a)
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b)
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