
Objective: Rheumatic heart disease is the deposition of immune 
complexes which cause malfunction of the heart valves. Percutaneous 
mitral balloon valvuloplasty (PMBV) is an established treatment option 
in patients with symptomatic moderate or severe rheumatic mitral valve 
disease, but PMBV is not a preferred option in mitral stenosis (MS) 
patients with moderate mitral regurgitation (MR) due to the risk of severe 
MR. The aim of this study was to evaluate the safety and feasibility of 
PMBV in symptomatic MS patients with moderate MR by comparing the 
post-procedural parameters with those of MS patients with mild or no 
MR.

Method: Among 104 patients with symptomatic MS, 10 patients with 
moderate MR were classified as group 2 while 94 patients who had mild 
or none MR were classified as group 1 in the present work. All patients 
underwent PMBV and pre- and post-procedural mitral valve area, MRs 
were recorded and cardiovascular events and complications were 
assessed in 30 days.

Results: The only difference in both groups before and after the procedure 
was the severity of the MR. Cardiovascular death was not observed for 
both groups in 30 days. In group 1, there were 3 patients and in group 2, 
there was 1 patient who developed severe MR after PMBV. All patients 
who had post-procedural severe MR required mitral valve replacement 
in 30 days due to severe MR in group 1. The composite complication rate 
was similar between the groups. 

Conclusion: PMBV might be an alternative treatment option for selected 
patients having significant MS with moderate MR.

Keywords: Mitral valve regurgitation, mitral valve stenosis, mitral valve 
valvuloplasty

Amaç: Romatizmal kalp hastalığı, kalp kapakçıklarında fonksiyon 
bozukluğuna neden olan bağışıklık komplekslerinin birikmesidir. 
Perkütan mitral balon valvüloplasti (PMBV), semptomatik orta veya 
şiddetli romatizmal mitral kapak hastalığı olan hastalarda belirlenmiş 
tedavi seçeneğidir. Ancak şiddetli mitral yetersizliği (MY) oluşma riski 
nedeniyle orta derecede MY olan mitral darlığı hastalarında PMBV tercih 
edilmez. Bu çalışmanın amacı, orta derecede MY olan semptomatik MS 
hastalarında PMBV’nin güvenilirliğini ve uygulanabilirliğini, işlem sonrası 
parametrelerini hafif MY olan veya olmayan mitral darlık hastalarınınkilerle 
karşılaştırarak değerlendirmektir.

Yöntem: Semptomatik mitral darlığı olan 104 hastadan orta derecede MY 
olan 10 hasta grup 2, hafif MY olan veya hiç olmayan 94 hasta grup 1 olarak 
sınıflandırıldı. Tüm hastalara PMBV uygulandı ve işlem öncesi ve sonrası 
mitral kapak alanı, MY’leri kaydedildi ve 30 gün içinde kardiyovasküler 
olaylar ve komplikasyonlar değerlendirildi.

Bulgular: İşlem öncesi ve sonrası her iki gruptaki tek fark MY’nin 
ciddiyetiydi. Otuz gün içinde her iki grupta da kardiyovasküler ölüm 
görülmedi. PMBV sonrası şiddetli MY gelişen hasta sayısı birinci grupta 3 
ve ikinci grupta 1 hasta idi. Grup 1’deki tüm ileri MY hastalarda şiddetli MY 
gelişmesi nedeniyle 30 günde mitral kapak replasmanı gerekti. Kompozit 
komplikasyon oranı gruplar arasında benzerdi.

Sonuç: PMBV, orta derecede MY ile belirgin mitral darlığı olan seçilmiş 
hastalar için alternatif bir tedavi seçeneği olabilir.

Anahtar kelimeler: Mitral kapak darlığı, mitral kapak yetersizliği, mitral 
kapak valvüloplasti
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Introduction
Rheumatic valvular disease (RVD) is the result of superficial 
deposition of immune complexes and complements 
on heart valves. The deposition occurs progressively 
after rheumatic fever and causes the malfunction and 
dysfunction of the heart valves (1). These depositions might 
result in fibrotic alterations in the valves, particularly in the 
mitral valve, which might result in stenosis of mitral valve. 
This stenosis might present as the impairment of diastolic 
filling, increase in systolic pulmonary artery pressure 
(SPAP), increase in pressure of left atrium, reduced preload 
with the symptoms of progressive dyspnea, and decreased 
functional capacity (2). PMBV is an established treatment 
option for patients who have RVD. PMBV might be used in 
patients with moderate to severe MS. To date, several studies 
have explored the potential benefit of PMBV in symptomatic 
significant MS and favorable valve morphology, which have 
yielded promising results (3-6). Despite the fact that it is a 
robust method, PMBV might not be a treatment option for 
some patients. PMBV is not the preferred option in patients 
who have MS with moderate mitral regurgitation (MR) 
due to the risk of the exacerbation of MR after PMBV (7). 
Surgical mitral valve replacement (MVR) is the established 
treatment choice for patients who have MS with moderate 
MR, as an alternative to PMBV. Nevertheless, MVR has 
several disadvantages compared to PMBV, including higher 
risk of infective endocarditis, life-long anticoagulation, and 
the negation of the metallic valve. 

The evidence concerning the efficacy and feasibility of 
PMBV in patients with MS accompanying moderate MR 
is scarce since most of MS patients with moderate MR 
are referred to MVR in daily practice. On the other hand, 
some patients with MS who have moderate MR might be 
a candidate for PMBV as a bridging procedure, which will 
postpone the surgical intervention, improve acute cardiac 
functions, and relieve the heart failure symptoms in 
selected patients.

In this study, we aimed to investigate safety and feasibility 
of PMBV in symptomatic MS patients with moderate MR 
by comparing the post-procedural parameters with those 
of MS patients with mild or no MR.

Materials and Methods
This study was a retrospective cohort study evaluating the 
safety and outcome of PMBV in patients who had significant 
MS with moderate MR. The investigation conforms to the 
principles outlined in the Declaration of Helsinki. The 

study was approved by the local ethics committee. All 
participants gave a written informed consent before being 
included in the study. Patients were selected among cases 
admitted to the cardiology clinic of a community tertiary 
hospital between January 2016 and February 2019. First, we 
investigated 158 consecutive patients who had symptomatic 
and significant rheumatic MS (MVA<1.5 cm2). A total of 46 
patients who had unfavorable morphology of mitral valve 
such as left atrial thrombus, required cardiac surgery for 
any other indication, severe MR, moderate or severe valve 
dysfunction in other valves were excluded from the study. 

All patients underwent a baseline physical examination. 
The presence of atrial fibrillation was evaluated and 
recorded with electrocardiography. Transthoracic and 
transesophageal echocardiography (TEE) were performed 
to all patients, and two-dimensional MVA, mitral valve 
gradients, SPAP and severity of MR were evaluated. MR 
severity was calculated and evaluated with effective 
regurgitant orifice area (EROA) and regurgitant volume 
(RV) (8). The favorable characteristic of the mitral disease 
for PMBV was assessed with the score of Wilkins and was 
calculated for every patient before the procedure (9). After 
echocardiographic evaluations, the patients with moderate 
MR (n=18), who did not have any other contraindication 
for PMBV, were informed about the MVR and possible 
outcomes and complications of prosthetic valves. Among 
these patients, eight of them accepted surgical intervention 
for MVR, two of them rejected to have metallic prosthesis 
due to future possible pregnancies, five of them refused to 
be operated because of the risk of future metallic prosthesis 
complications and three patients had urgent PMBV due to 
acute pulmonary edema condition during their admission 
in the intensive coronary unit. Ten patients who refused to 
be operated or were unsuitable for the surgical intervention 
were informed about the risk of possible post-procedural 
MR after PMBV, which might be needed to treat with urgent 
surgery and informed consents were collected before the 
procedure. These 10 patients constituted group 2 while 94 
patients who had mild or no MR were classified as group 1 
in the present work. 

All patients underwent PMBV in the catheter laboratory 
with the guidance of TEE during the procedure. PBMV was 
performed with a single balloon technique using Inoue 
Balloon. Initial balloon size was selected according to body 
surface area. Maximum balloon size was determined by 
the following formula: patient height (cm)/10+10 (10). 
The proper placement and dilation of Inoue Balloon were 
evaluated with TEE guidance and assessed by the operator 
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with the synchronized views of both TEE and scopic view. 
After the dilation of the balloon, immediate calculations 
for mitral gradient and pulmonary artery systolic pressures 
were recorded.

After the procedure, all patients underwent post-procedural 
echocardiographic evaluation and two-dimensional (2D) 
MVA, mitral diastolic gradients, EROA, RV, SPAP were re-
evaluated for the patients. The changes in EROA, 2D-MVA, 
SPAP and mitral diastolic gradients before and after the 
procedures were calculated. 

Statistical Analysis

All statistical tests were performed with a commercially 
available software program (Statistical Package for the 
Social Science (SPSS) 20.0 for Windows, Chicago, IL, 
USA). All continuous variables were checked for normal 
distribution by the Kolmogorov-Smirnov test and presented 
as mean ± standard deviation while categorical variables 
were expressed as numbers or percentages. Chi-square test 
or McNemar test was used to compare categorical variables. 
Student t-test or paired sample test were used to compare 
continuous variables with normal distribution while Mann-
Whitney U test or Wilcoxon test was used to compare the 
continuous parameters without normal distribution. 
P<0.05 was considered statistically significant.

Results
A total of 104 consecutive patients, including 18 male (17.3%) 
and 86 female (82.7%), with the mean age of 41.91±10.49 years 
were included in the final study cohort. A total of 94 patients 
with MR EROA value <0.20 cm2 were categorized in group 
1 (none/mild MR) while 10 patients with MR EROA≥0.20 
cm2 were classified under group 2 (moderate MR). Detailed 
demographics and echocardiographic parameters of each 
group and univariate comparison of these parameters 
are listed in Table 1. There was no statistical significance 
between the groups in terms of gender, age, pre-procedural 
and post-procedural SPAP, mean mitral gradients, 2D 
MVA, Wilkins score and presence of atrial fibrillation. Only 
difference for both groups before and after the procedure 
was the severity of the MR. The severity of MR, which was 
calculated by EROA, was found to be higher in group 2 
before and after the procedure. When we compared the 
pre- and post-procedural echocardiographic findings, the 
mean 2-D MVA change in group 2 was 0.71±0.21 while it 
was 0.78±0.29 in group 1 (p=0.38). In the study, successful 
valvulotomy, which was defined as the increase of 2-D MVA 
>50%, was seen in 73 patients (77.7%) after the procedure in 

group 1, while it was in 6 patients (60%) in group 2 after the 

procedure (p=0.21).

Primary outcomes for both groups after the procedure are 

listed in Table 2. Cardiovascular death was not observed for 

both groups in 30 days. In group 1, there were 3 patients 

who required MVR in 30 days due to severe MR after the 

procedure. On the contrary, in group 2, there was one patient 

who had severe MR following the procedure; however, there 

was no requirement of MVR for this patient in 30 days. We 

Table 1. Demographics, pre- and post-procedural 
echocardiographic findings of group 1 and group 2
Variables Group 1  

(n=94)
Group 2  
(n=10)

p

Gender M/F 16 (17.1%)/78 
(83%)

2 (20%)/8 
(80%)

0.75

Age (years) 41.41±10.62 46.60±8.12 0.087

Pre-procedural PASP 
(mmHg)

51.39±16.80 60.07±19.98 0.10

Post-procedural PASP 
(mmHg)

34.21±6.02 37±4.80 0.16

Mean mitral gradients 
(pre-procedural)

16.44±5.51 16.2±5.55 0.89

Mean mitral gradients (post-
procedural)

5.11±1.33 5.6±1.57 0.28

Pre-procedural 2-D MVA 
(cm2) 

0.98±0.23 1.09±0.23 0.15

Post-procedural 2-D MVA 
(cm2)

1.76±0.19 1.79±0.73 0.46

Pre-procedural MR EROA 
(cm2)

0.08±0.05 0.24±0.02 <0.0001

Post-procedural MR EROA 
(cm2)

0.15±0.13 0.27±0.038 0.005

Wilkins score 7.23±1.12 7.10±1.128 0.34

∆ 2-D MVA (cm2) 
(mean ± SD)

0.78±0.29 0.71±0.21 0.38

Presence of pre-procedural 
AF (y/n) 

10 (10.6%) 1 (10%) 0.52

Presence of post-procedural 
AF (y/n)

17 (18.1%) 3 (30%) 0.80

PASP: Pulmonary artery systolic pressure (mmHg), All variables are expressed as 
mean ± standard deviations unless otherwise specified. SD: Standard deviation, 
EROA: Effective regurgitant orifice area, MR: Mitral regurgitation, MVA: Mitral valve 
area

Table 2. Primary outcomes of both groups after the 
procedure

Group 1 Group 2 

Cardiovascular death within 30 days 0 (0%) 0 (0%)

MVR for severe MR within 30 days (n-%) 3 (3.2%) 0 (%) 

Peri-procedural Complications (n-%) 1 (1.8%) 1 (10%)

Composite (n-%) 4 (4.3%) 1 (10%)

MVR: Mitral valve replacement, MR: Mitral regurgitation 
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encountered only two major peri-procedural complications 
(1.92%) in the present work. There was one patient each in 
both groups, who had peri-procedural complications. One 
of these patients had pericardial effusion, and the other 
patient had a pericardial hematoma following PMBV. Both 
of these patients needed to undergo surgical intervention 
given to pericardial effusion and hematoma.

Pre-procedural and post-procedural comparisons of 
echocardiographic parameters for each group are shown 
in Table 3 and Table 4. For the groups, SPAP and the mean 
mitral gradients significantly decreased, and 2-D MVA and 
MR EROA significantly increased. The rate for the presence 
of atrial fibrillation was found to be higher for both groups 
after the procedure; however, only in group 1, this increase 
was found as statistically significant. 

Discussion
In this present study, we evaluated the outcome of 
PMBV as an alternative procedure to MVR in delicately 
selected MS patients accompanied by moderate MR. 
Our study demonstrated that cardiovascular death and 
post-procedural complication rates were similar when 
compared to patients who had MS with moderate and none 
or mild MR. Only one of ten MS patients accompanied by 
moderate MR manifested with severe MR after PMBV, and 
only 3 of 96 patients (3.1%) with no or mild MR presented 
with severe MR after PMBV. As it is expected, the mean 
2D-MVA of both groups was significantly increased after 
PMBV when compared to 2D-MVA before the procedure. 
Together with that, there was no significant difference 

between the groups in terms of mean increase in valve area 
after the procedure. Our study demonstrated that after 
PMBV, patients who had moderate MR with significant MS 
might had similar complication rates together with similar 
success rates when compared to the patients who had no or 
mild MR with significant MS.

Several studies have showed that the occurrence rate of 
severe MR in MS patients with mild or no MR after the 
procedure ranges between 1.4% and 9.4%. And in these cases, 
1.3%-3.2% required MVR urgently due to the occurrence 
of severe MR (11-13). However, there are inadequate data 
on the occurrence of severe regurgitation after PMBV in 
patients with MS having moderate regurgitation for mitral 
valve. In a study, they performed PMBV to 21 patients who 
had moderate MR and they compared the procedural 
outcomes with 83 patients who had no or mild MR (13). Even 
though the regurgitation progressed in both groups, no 
patient presented with severe MR after the procedure and 
together with the improvement in symptoms due to mitral 
valve disease. Similarly, both groups in the present work 
had an increase in the rate of MR. While no MS patient with 
moderate MR showed severe MR in the study conducted 
by Lau et al. (14), one patient with moderate MR (10%) 
presented with severe MR after PMBV in our work. These 
results in previous studies are consistent with our findings 
for the occurrence of severe MR after the procedure.

On the other hand, we should discuss about the success 
rate of the procedure for patients who have moderate MR 
together with significant MS. In a study, Zhang et al. (15) 
performed PMBV in 25 patients who had MS with moderate 

Table 3. Univariate comparison of pre- and post-procedural echocardiographic findings of group 1 
Variables Pre-procedural Post-procedural p

Pulmonary artery systolic pressure (mmHg) 51.39±16.80 34.21±6.02 <0.0001

Mean mitral gradients (mmHg) 16.44±5.51 5.11±1.33 <0.0001

2-D MVA (cm2) 0.98±0.23 1.76±0.19 <0.0001

MR EROA (cm2) 0.08±0.05 0.15±0.13 <0.0001

Presence of atrial fibrillation (y/n) 10/84 (10.6%) 17/77 (18.1%) 0.019
MVA: Mitral valve area, MR: Mitral regurgitation, EROA: Effective regurgitant orifice area, all variables are expressed as mean ± standard deviations unless otherwise specified

Table 4. Univariate comparison of pre- and post-procedural echocardiographic findings of group 2
Variables Pre-procedural Post-procedural p

Pulmonary artery systolic pressure (mmHg) 60.07±19.98 37±4.80 <0.0001

Mean mitral gradients (mmHg) 16.2±5.55 5.6±1.57 <0.0001

2-D MVA (cm2) 1.09±0.23 1.79±0.73 <0.0001

MR EROA (cm2) 0.24±0.02 0.27±0.038 0.02

Presence of atrial fibrillation (y/n) 1/9 (10%) 3/7 (30%) 0.15

MVA: Mitral valve area, MR: Mitral regurgitation, EROA: Effective regurgitant orifice area, all variables are expressed as mean ± standard deviations unless otherwise specified
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MR and compared their post-procedural findings with 
25 patients who had MS with no or mild MR. Procedural 
successful rate for both groups was 92% in their study. Their 
findings showed that improvement in hemodynamics and 
MVA could be achieved with PMBV in patients who had MS 
either with moderate or no or mild MR. In our study, the 
success rate for procedures was 77.7% in group 1 and 60% 
in group 2; however, there was no significant difference 
between the groups. And improvement in MVA was 
accomplished in both groups. 

One of the high volume studies is the study of Desabandhu 
et al. (16). They compared patients undergoing PMBV 
either with no or mild MR and moderate MR. In their study, 
17 patients had moderate MR with significant MS and 208 
patients had no or mild MR with significant MS. They found 
that there was no statistically significant difference in the 
primary outcome of the procedure in both groups. In their 
study, 2 patients (11.76%) had post-procedural severe MR 
in patients with moderate MR and 4 patients (1.92%) had 
post-procedural severe MR in patients with no or mild MR. 
Even though severe MR was higher in moderate MR group, 
the requirement for MVR was higher (1.44%) in the group 
with no or mild MR. Their comment for their study was that 
PMBV might be a safe option for selected patients who had 
significant MS with moderate MR and provide symptomatic 
benefits in these patients. In our study, our findings were 
similar to their findings. Cardiovascular death was not seen 
for both groups in 30 days and 3 patients required MVR after 
the procedure due to severe MR in group 1 and one patient 
had severe MR which did not require MVR in group 2 in 30 
days. The patient in group 2, who did not require MVR, was 
followed up with medical therapy. The possible explanation 
for the requirement of MVR might be that the patients with 
moderate MR have higher volume load than the patients 
with no or mild MR. Because of higher volume load in these 
patients, patients with moderate MR might better tolerate 
severe MR after PMBV when compared to the patients with 
no or mild MR. Together with that, there was no significant 
difference in peri-procedural complication in both groups. 
Composite complication of cardiovascular death and 
severe MR at 30 days was not different between the groups. 

Study Limitations
Several limitations for the present study should be 
acknowledged. First, and foremost, we had a small number 
of MS patients with moderate MR, who underwent PMBV as 
similar to the previous works. Nevertheless, the indications 
for PMBV in MS patients with moderate MR are rather limited 
and strict; hence, it was not possible to form a balanced 

study group. Second, this was a retrospective study with 
single-center data, which might limit the generalizability 
and reliability of our results. Another limitation was the 
limited follow-up period for the patients and we did not 
have the results of longer period for both groups.

Conclusion
Outcomes for PMBV in patients who had MS with moderate 
MR are similar to those in the patients who had MS with 
no/mild MR. PMBV might be an alternative treatment 
option for selected patients who had significant MS with 
moderate MR. However, prospective further studies with 
larger patient cohort are needed to validate our results.
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