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a b s t r a c t

Objectives: To study the immediate maternal and fetal outcomes and long term maternal outcomes in
pregnant women undergoing balloon mitral valvotomy.
Methods: We retrospectively analyzed balloon mitral valvotomy during pregnancy performed between
January 2008 and July 2018.
Results: BMV was carried out in 97 pregnant women with mean age of 26.1 ± 4.5 years, at mean
gestational age of 23.1 ± 4.6 weeks. The procedure was successful in 95 patients (97.9%). There was one
maternal death post procedure due to intra-uterine death and disseminated intravascular coagulation.
Adverse immediate fetal outcome was seen in 2 cases with one intra-uterine fetal demise and one
preterm labour. Mitral valve area increased from mean of 0.82 ± 0.12 cm to 1.66 ± 0.14 cm (p < 0.001).
Mean trans-mitral diastolic gradient decreased from 19.7 ± 5.6 mm Hg to 7.5 ± 2 mm Hg. Right ven-
tricular systolic pressure decreased significantly from mean of 56.7 ± 16.2 mm Hg to mean of
35.6 ± 11 mm Hg. Survival analysis showed cumulative event free survival of 89% at 5 years and 65% at 10
years, considering a composite endpoint of clinical restenosis, repeat BMV or MVR or cardiovascular
death.
Conclusions: Balloon mitral valvotomy is a safe and effective treatment for severe mitral stenosis during
pregnancy. Long term maternal outcomes after BMV done during pregnancy are good and comparable to
that of BMV done in non-pregnant patients.
© 2020 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Rheumatic heart disease complicates pregnancy in a high
number of women in countries like India with high endemicity of
rheumatic fever. Mitral stenosis remains the commonest valvular
heart disease encountered during pregnancy in India.1

Mitral stenosis is poorly tolerated in pregnancy because of
increased hemodynamic burden. There is a physiological increase
in heart rate, blood volume during pregnancy which cannot be
accommodated in the heart with mitral stenosis. This leads to in-
crease in mean left atrial pressure, and pulmonary venous pressure
which may precipitate heart failure and pulmonary edema espe-
cially during the third trimester and peri-partum period.2,3 The risk
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of maternal death is greatest during labor and the immediate
postpartum period. There is auto transfusion from the uterus dur-
ing this time, which reaches the central circulation. This suddenly
increases the pre-load immediately after delivery, leading to
decompensation. This auto transfusion continues upto 24e72 h
after delivery and thus the chance of decompensation continues
until that time. A significant number of patients remain symp-
tomatic in-spite of optimum medical therapy, necessitating me-
chanical relief of mitral stenosis. Surgical mitral valvotomy was a
therapeutic option for mitral stenosis in pregnancy before percu-
taneous balloon mitral valvotomy (BMV) during pregnancy was
demonstrated to be safe and effective. But surgical valvotomy has
adverse fetal outcomes.4e7 Surgical mitral valve replacement dur-
ing pregnancy is often viewed as a challenge by surgeons due to
unpredictable hemodynamics during and after cardio pulmonary
bypass (CPB). The long term fetal safety of percutaneous balloon
mitral valvotomy has been shown.8e10
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We conducted this retrospective study of percutaneous balloon
mitral valvotomy during pregnancy to assess the immediate and
long term maternal outcomes as well as the immediate fetal
outcomes.
Table 1
Clinical characteristics of pregnant females underwent Balloon Mitral Val-
votomy from 2008 to 2018. (N ¼ 97).

Clinical Characteristics Values (n ¼ 97)

Age (years) 26.1 ± 4.5
2. Methods

A retrospective analysis of all percutaneous balloon mitral
valvotomy during pregnancy performed between January
2008 and July 2018 was carried out. Both online hospital in-
formation system based and offline register based search was
carried out.

Percutaneous balloon mitral valvotomy was done in pregnant
patients with severe symptomatic mitral stenosis with:

(I) Two-dimensional echocardiography mitral valve area <1 cm2

by planimetry (ii) valve morphology suitable for percutaneous
balloon mitral valvotomy (iii) mean trans-mitral diastolic
gradient > 10 mm Hg (iv) mitral regurgitation not more than mild
(v) absence of left atrial or left atrial appendage thrombus.

Detailed clinical and echocardiographic evaluation was done
before the procedure with emphasis on functional class, rhythm,
mitral valve area, mitral valve suitability for BMV, mitral regurgi-
tation, mean trans-mitral diastolic gradient, right ventricular sys-
tolic pressure. All patients underwent obstetric evaluation before
the procedure and intra-procedural fetal monitoring was done at
the discretion of the obstetric team.

Balloon mitral valvotomy was done using Inoue dual lumen
balloon (Toray) or Accura single lumen through trans-femoral route
with abdominal shielding using a lead apron. Local or general
anesthesia was used as per preference of anesthesiologist. A partial
left lateral decubitus position was maintained by keeping a rolled-
up towel under right hip to relieve compression of inferior vena
cava by the pregnant uterus. The balloon was sized according to
patient's height by the (height in cm/10) þ10 formula. Balloon was
undersized by �1 to �2 mm from the calculated measurement as
per the operator's discretion. Right heart catheterization and he-
modynamic measurements were done before and after balloon
dilation.

Procedure was considered successful when (i) there was
more than 50% increase in 2D MVA from baseline with an
absolute 2D MVA greater than 1.5 cm2 (ii) no post-procedural
increase in mitral regurgitation by more than one grade with
final mitral regurgitation not more than mild. Post procedural
obstetric evaluation was done to check for immediate com-
plications including rupture of membranes, preterm labour
and fetal demise.

Clinical and echocardiographic follow up was done after BMV at
one month, 6 months and then yearly thereafter. Follow up period
was recorded with a composite endpoint of restenosis (clinical,
echocardiographic, repeat BMV and MVR) and failed BMV (non-
responding valve or severe mitral regurgitation), as the event of
interest.
Period of gestation (weeks) 23.1 ± 4.6
Trimester

aFirst 0 (0)
aSecond 81 (83.5)
aThird 16 (16.5)

Prior BMV/CMV 13 (13.4)
Atrial fibrillation 7 (7.2)
Baseline functional class

aClass II 81 (83.5)
aClass III 14 (14.4)
aClass IV 2 (2.1)

Abbreviations: BMV- Balloon mitral valvotomy, CMV-closed mitral
valvotomy.

a Data as mean ± SD or N (%).
2.1. Statistical analysis

Categorical data were expressed as counts and percentages.
Continuous variables were expressed as mean ± standard devia-
tion. Comparison of means was done with paired t-test. Wilcoxon
matched-pair signed-rank test was done for paired ordinal data.
Survival analysis was done using life tables and KaplaneMeier
method. P values < 0.05 were considered significant. All statisti-
cal analysis was performed with SPSS software, Version 23.0 (IBM
Corporation, Armonk, NY, USA).
3. Results

During the study period, BMV was carried out in 97 pregnant
women. Baseline clinical characteristics of the patients are shown
in Table 1. Mean age at the time of procedure was 26.1 ± 4.5 years
(range ¼ 18e40 years). Mean gestational age was 23.1 ± 4.6 weeks,
(range¼ 14e34weeks). Majority of the patients (83.5%) underwent
the procedure in the second trimester, but 16 patients (16.5%) had
the procedure in the third trimester as all these patients had pre-
sented to our centre for the first time in the third trimester. Thir-
teen patients (13.4) had prior history of valvotomy (12 had history
of BMV, 1 had undergone CMV) and presented with restenosis
during pregnancy. Atrial fibrillationwas present in 7 (7.2%) women.
Majority of patients were in NYHA functional class II (81 out of 97;
83.5%) while 14 (14.2%) and 2 (2.1%) patients were in functional
class III and IV respectively. Pre-procedural trans-esophageal
echocardiography (TEE) was done in 2 patients with suspicion of
left atrial appendage thrombus. TEE did not show thrombus in
either patient.

The procedure was successful in 95 patients (97.9%). Functional
class was significantly improved post BMV (p < 0.001) with 92
(94.8%) patients in NYHA class I. One patient undergoing BMV at 32
weeks period of gestation had a non-responding mitral valve and
developed coronary embolism with anterior wall ST elevation
myocardial infarction after the first balloon dilation. Coronary
angiogram and manual thrombus aspiration was done with resto-
ration of TIMI III flow. Patient subsequently had intrauterine fetal
demise. As per obstetric protocol labour was induced and fetus
evacuated. Subsequently patient developed disseminated intra-
vascular coagulation and postpartum hemorrhage with refractory
shock fromwhich patient could not be resuscitated. Patient expired
48 h after BMV. Another patient developed severe mitral regurgi-
tation. But patient had no worsening of functional class and no
immediate adverse fetal outcome. Patient was able to complete the
pregnancy and later referred for elective mitral valve replacement.

Adverse fetal outcome in the immediate post-procedure period
was seen in two patients. Apart from the above mentioned patient
who had intra-uterine fetal demise in the third trimester, another
patient went into pre-term labour at 33 weeks period of gestation
after BMV and delivered a preterm neonate on the same day as the
BMV procedure. There were no immediate fetal complications in
women undergoing BMV during the second trimester.

Echocardiographic data are summarized in Table 2. Mitral valve
area increased from mean of 0.82 ± 0.12 cm2 to 1.66 ± 0.14 cm2

(p < 0.001). Mean transmitral diastolic gradient decreased from
19.7 ± 5.6 mm of Hg to 7.5 ± 2 mm of Hg. Right ventricular systolic



Table 2
Echocardiographic characteristics of patients (N ¼ 97).

Echocardiographic parametersa Pre BMV Post BMV p value

Mitral valve area (cm2) 0.8 ± 0.1 1.6 ± 0.1 <0.001
RVSP (mm of Hg) 56.7 ± 16.2 35.6 ± 11 <0.001
Mean gradient (mm of Hg) 19.6 ± 2 7.5 ± 2 <0.001

Abbreviations: BMV- Balloon mitral valvotomy, RVSP- right ventrular systolic
pressure.

a Data as mean ± SD or N (%).
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pressure decreased significantly from mean of 56.7 ± 16.2 mm Hg
to mean of 35.6 ± 11 mm Hg. There was worsening of mitral
regurgitation by one grade in 24 patients (24.7%) and by two grades
in only 2 patients, while 70 patients (72.1%) had no change in mitral
regurgitation. Mean fluoroscopic time for the procedure was
6.2 ± 2.8 min.

Patients were followed up for a mean duration of 36.7 months
and median duration of 15 months. Survival analysis showed cu-
mulative event free survival of 89% at 5 years and 65% at 10 years,
considering a composite endpoint of restenosis, failed BMV (non-
responding valve or severe mitral regurgitation), repeat BMV or
MVR (Fig. 1). A total of 10 events occurred during the study period
with one failed BMV, one echocardiographic restenosis, 5 repeat
balloon valvotomies and 3 mitral valve replacement surgeries.
4. Discussion

Our study primarily shows that balloon mitral valvotomy is a
safe and effective treatment of mitral stenosis during pregnancy.
Patients who underwent the procedure in the third trimester
(16.5% of our total group) due to late first presentation also had
good immediate and long term outcomes. There have been small
Fig. 1. Cumulative survival curve after BMV with comp
studies in the past with similar outcomes but experience with BMV
in the third trimester was limited.11

Mean age of 26.1± 4.5 years in our patients was similar to that in
previous studies.10,11 Atrial fibrillation was present in 7.2% of
women in our study. Previous studies have reported atrial fibrilla-
tion in 25%e28.5%.10,11 Our absolute number of patients with atrial
fibrillation was small and hence it may not be possible to make
specific inferences regarding this special subset. However, we did
not note any immediate adverse outcomes. Prior valvotomy had
been done in 13.4% of patients in our studywho had presentedwith
restenosis during pregnancy.

In our study, BMV done at mean gestational age of 23.1 weeks
had a success rate of 97.9% with improvement in mean mitral valve
area from 0.82 cm2 to 1.66 cm2 and reduction of mean trans-mitral
diastolic gradient from 19.7 mm of Hg to 7.5 mm of Hg. Majority of
our patients were in NYHA class II and III at baseline which
improved significantly after BMV. Vinayakumar et al. showed suc-
cessful BMV in 95.9% of pregnant patients (N ¼ 49) where majority
of patients were in NYHA class II and III.11 Mishra et al. have re-
ported a success rate of 94.1% (N ¼ 85) in BMV performed in pa-
tients of NYHA class IIIeIV, at a mean gestational age of 24.84 ± 4
weeks.12 Singh et al. showed a success rate of 91% and increase in
mean 2D MVA from 0.87 ± 0.14 cm2 to 1.82 ± 0.25 cm2 in 58
pregnant patients with mean gestational age of 26.53 ± 5.2
weeks.13

We had a maternal mortality in a patient with a non-responding
valve with coronary embolism, intra-procedure leading to anterior
wall myocardial infarction. This patient had intra-uterine fetal
demise, disseminated intra-vascular coagulation and developed
post-partum hemorrhage and finally died. The patient had been
diagnosed as severe mitral stenosis in the third trimester only and
had presented with NYHA class III symptoms. Most prior studies
have not reported any maternal mortality.10e14 However, mortality
osite endpoint of restenosis, repeat BMV or MVR.
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of 11.4% after BMV has been shown in a high risk cohort of patients
who presented with decompensated heart failure during preg-
nancy.15 The author in this study found a high Wilkin's score,
hypoxia and pulmonary hypertension to be predictors of mortality
in these patients.

There was worsening of mitral regurgitation by one grade in
24.7% of our patients but none of them had final mitral regurgita-
tion more than mild. Only two patients (2.1%) developed moderate
regurgitation. Mitral regurgitation >2þ developed in 5.2% of
pregnant patients undergoing BMV by Pillai et al. and between 3.3%
and 7% patients in previously published studies of non-pregnant
population.15e18

We had immediate adverse fetal outcome in two patients with
one intra-uterine death and one preterm birth. Gupta et al. per-
formed BMV in 40 pregnant women out of which one patient
developed preterm labor and one had a stillbirth.14 More recently,
Vinayakumar et al. had documented one spontaneous abortion
after BMV in 49 pregnant women.11 Thus our immediate fetal
outcomes were similar to previously published data.

Mean fluoroscopic times of 5.5 ± 3.8 min, 6.44 ± 1.16 min and
7.8 ± 1.9 min have been seen previously.10,11,14 Our fluoroscopy
times were similar and combined with abdominal shielding
ensured minimal radiation exposure of the fetus.

We studied a composite endpoint for long term outcomes taking
into consideration restenosis as assessed clinically which included
all restenosis patients including those who underwent repeat BMV
or MVR and also those who did not undergo intervention and
stayed on medical follow up. Failed BMV's procedures were also
included as a part of the total events. Considering this combination
an event free survival of 89% at the end of 5 years and 65% at 10
years was observed. Fawzy et al. have reported an event-free sur-
vival rate of 79% at 10 years in non-pregnant patients undergoing
BMV.19 Another study in pregnant women showed a restenosis rate
of 16% out of 19 patients with a mean follow up of 5.1 ± 2.8 years,
which is similar to that seen in our study.9 A survival analysis as
done by us has not been shown before in pregnant patients un-
dergoing BMV.

4.1. Limitations

Our study was a retrospective analysis conducted in a single
tertiary care centre. Long term obstetric and fetal outcomes were
not available. Survival analysis done was susceptible to right
censoring bias inherent to the KaplaneMeier method. Patients lost
to follow-up and censored could have had an adverse event.

5. Conclusions

Balloon mitral valvotomy is a safe and effective treatment for
severe mitral stenosis during pregnancy with significant symp-
tomatic and hemodynamic improvement noted. Long term
maternal outcomes after BMV done during pregnancy are good and
comparable to that of BMV done in non-pregnant patients. Imme-
diate fetal complications are uncommon. Balloon mitral valvotomy
should be the treatment of choice during pregnancy in patients of
severe symptomatic mitral stenosis and even during late
presentation.
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