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A B S T R A C T

Background: Little is known about the natural history of aortic regurgitation (AR) in patients undergoing mitral valve procedures for mitral 
stenosis.
Objectives: The aim of this study was to evaluate the short- and long-term effects of percutaneous mitral valvuloplasty (PMV) on coexisting AR.
Materials and Methods: A total of 327 patients with rheumatic mitral stenosis (282 females and 45 males; mean age at the time of intervention 
= 47 ± 11 years) were followed up for between 48 hours and 13 years after PMV. At the time of PMV, 142 (43.3%) patients had no AR, 124 (37.9%) had 
mild AR, and 61 (18.7%) had moderate AR. After PMV, the follow-up showed that 120 (36.6%) patients had no AR, 103 (31.5%) had mild AR, and 104 
(31.8%) had moderate AR.
Results: AR progression after PMV and during the follow-up was significant (P < 0.00), but there was no significant increase in aortic valve 
replacement (AVR) procedures. The rate of AVR was higher in the moderate AR group (3.8%). There were no significant changes in the left atrial 
size (LA) (P = 0.6), ejection fraction (EF) (P = 0.4), and rhythm (P = 0.4) before and after PMV, respectively.
Conclusions: Our findings indicate that among patients with rheumatic mitral stenosis, a considerable number have concurrent AR. 
Concomitant AR at the time of PMV does not influence procedural success and is not associated with inferior outcomes. Rheumatic aortic 
insufficiency progresses slowly by nature, and patients with AR and mitral stenosis can safely tolerate PMV without the possibility of 
undergoing AVR in the near future. Patients with moderate degrees of AR remain good candidates for PMV.
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Implication for health policy/practice/research/medical education:
Little is known about the natural history of aortic regurgitation (AR) in patients undergoing mitral valve procedures for mitral 

stenosis. there for in this study we evaluate the short- and long-term effects of percutaneous mitral valvuloplasty (PMV) on coexist-

ing AR. Our findings indicate that among patients with rheumatic mitral stenosis, a considerable number have concurrent AR. 

Concomitant AR at the time of PMV does not influence procedural success and is not associated with inferior outcomes. Rheumatic 

aortic insufficiency progresses slowly by nature, and patients with AR and mitral stenosis can safely tolerate PMV without the pos-

sibility of undergoing AVR in the near future. Patients with moderate degrees of AR remain good candidates for PMV.
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1. Background
Percutaneous mitral valvuloplasty (PMV) was first de-

scribed by Inoue et al. (1) and has since been widely used 

to treat mitral stenosis (MS) (2). PMV is recommended in 

patients with moderate to severe MS who are symptom-

atic or have pulmonary hypertension but no left atrial 

thrombus and a favorable valve morphology (3). About 

half of the patients with rheumatic MS have some degree 

of aortic regurgitation (AR) (4). However; it is not clear 

whether these patients need aortic valve (AV) interven-

tion in short- or long-term follow-up. The presence of AR 

does not affect the success of PMV procedure or its out-

come (4). To resolve this issue, we require a complete un-

derstanding of the natural history of AV disease before 

and after PMV. AR intervention in case of non-severe AR 

during MV surgery is not recommended (5). Most previ-

ous studies have evaluated patients with mild AR and 

very few have been done in patients with moderate AR (4) 

and altogether little is known on the natural history of 

AR in patients after MV intervention (6-8). Given the high 

prevalence of rheumatic MS in our country, younger age 

of the affected patients, and insufficient number of the 

studies performed in this issue in spite of the high rates 

of PMVs performed, we sought to evaluate the natural his-

tory of AR and the short- and long-term effects of PMV on 

AR progression in our tertiary care center.

2. Objectives
The aim of this study was to evaluate the short- and 

long-term effects of percutaneous mitral valvuloplasty 

(PMV) on coexisting AR.

3. Materials and Methods
This retrospective study included 328 patients who un-

derwent PMV at a tertiary centre between 1994 and 2007. 

Patients who had data available regarding the degree of 

pre-PMV AR were included in the analysis. The clinical 

and echocardiographic data were acquired from hos-

pital records. All the patients underwent transthoracic 

echocardiography (TTE) and transesophageal echocar-

diography (TEE), and atrial size, pulmonary artery pres-

sure, presence of LA thrombus, and MR were recorded. 

Patients with moderate to severe MS who had a valve 

area < 1cm²/m ² of the body surface area and suitable 

valve morphology (MV score < 9) with no or mild mitral 

regurgitation (MR) and no left atrial clot were selected 

for PMV. All the procedures were performed via the Inoue 

method.1 Balloons were selected according to patient’s 

height and body surface area. Hemodynamic parameters, 

left and right atrial pressures, and gradient changes were 

recorded during PMV. Mitral valve area, MR, AR, tricuspid 

regurgitation severity, LVEF, and left atrial diameter were 

measured via TTE and TEE before the procedure. All the 

patients underwent TTE 48 hours after PMV and during 

the follow-up. The EF was defined mostly through the 

eyeballing method and noting regional wall motion ab-

normalities and degree of endocardial thickening. The EF 

and MR before and after PMV were also assessed by ven-

triculography, which was conducted in most cases before 

and after PMV.

Color Doppler, effective regurgitation orifice area, vena 

contracta width and pressure half time methods were 

used to define the quality and quantity of AR; and based 

on these findings, AR was classified into four groups: 

none, mild, moderate, and severe AR (9). None of selected 

patients had aortic stenosis. Left atrial diameter was mea-

sured from 2D images. The patients’ heart rhythms, based 

on the recorded ECGs, were grouped into sinus rhythm or 

AF before and after PMV. Demographic and clinical vari-

ables, including age, sex, and distribution of the data ac-

cording to age and sex were recorded. The institutional 

ethics committee approved the research protocol.

3.1. Statistical Analysis
The continuous variables are expressed as Mean ± SD, 

and the categorical variables are expressed as a percent-

age. The Student’s t-test was employed for the interval 

variables, Fisher exact test and chi-square test for the 

categorical variables, and Mann Whitney U test for the 

ordinal variables (for the relationships between AR and 

sex, AR and rhythm, AR and AVR, and AR and MVR). Ad-

ditionally, the non-parametric test was utilized as Krus-

kal-Wallis (for the relationship between AR and EF, and 

AR and LA) correlation and one-way Anova (the relation-

ship between age and AR). The Mac Nemar test was opted 

for form non-parametric methods for the nominal data 

(rhythm before and after PMV), and the Wilcoxon signed 

rank test was used to assess the relationship between AR 

before and after PMV. All the statistical tests were two-

sided using α < 0.05 level of significance. The data were 

managed and analyzed using SPSS 15 for windows (SPSS 

inc., Chicago, Illinois). For the confounding factors, re-

peated measured ANOVA and multiple linear regressions 

were used. The LV diameters were measured using the 

paired sample corrections, student t-test, and Friedman 

test. Data were collected using a personal code for each 

patient.

4. Results
A total of 328 patients underwent PMV preceded by 

echocardiography during a 13-year period from 1997 to 

2010 in a tertiary cardiovascular center. The study popu-

lation consisted of 282 (86.3%) women and 45 (13.7%) men. 

A pregnant woman who suffered from critically severe 

MS and severe AR and underwent successful PMV and ac-

complished her pregnancy but refused the follow-up pro-

cess was excluded. The patients were divided into three 

groups: no AR, mild AR, and moderate AR. The mean age 

of our patients was 47.16 ± 11 years (Table 1). AR was mea-

sured before the procedure via echocardiography; and of 
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a total of 327 patients, 142 (43.2%) had no AR, 124 (37.9%) 

had mild AR, and 61(18.7%) had moderate AR. The relation-

ship between age and AR severity was not statistically sig-

nificant (P = 0.7), and nor was there a significant relation-

ship between sex and AR (P = 0.8). The mean of the EF was 

52.5 ± 4.3. The EF and AR had a significant relationship (P 

= 0.02).There was also a significant relationship between 

the EF and rhythm (P = 0.01), and the patients with sinus 

rhythm showed a higher mean of EF (52.9 ± 4.1 vs. 51.3 ± 

4.9). The relationship between sex and rhythm was not 

significant (P = 0.7) (Table 1). There was no significant re-

lationship between rhythm and AR severity before PMV 

(P = 0.2). The pre-procedural characteristics of the study 

population are shown in Table 1.

Values are mean ± SD or n (%)
a Abbreviations: AF: sinus rhythm or AF before and after PMV, AR: Aortic 

Regurgitation, EF: Ejection Fraction, LA: Left Atrial

Follow-up data showed that after PMV, 120 (36.6%) pa-

tients had no AR, 103 (31.5%) had mild AR, and 104 (31.8%) 

had moderate AR. Altogether, after PMV, 207(63%) patients 

had AR. Of the 142 patients, who had no AR before PMV, 

120 patients remained the same during the thirteen years 

of follow-up and 22 patients progressed to mild AR. Forty 

three (34.6%) patients, who had mild AR initially, showed 

moderate AR, which was statistically significant. None of 

our patients had progressed to severe AR. AR progression 

been mostly prevalent in the women’s group. The follow-

up results of the study are depicted in Table 2.

After PMV, the mean EF was 51% ± 5, which was reduced 

by 1.1%. After adjusting for age and sex as the confounding 

factors, PMV had no effect on the EF. There was no signifi-

cant relationship between AR progression and the EF (P = 

0.46). In our study there was no significant relationship 

between AR progression and rhythm changes after PMV (P 

= 0.4). Sinus rhythm was again more prevalent after PMV, 

but 32 (9%) of the patients developed AF. The mean LA di-

ameter after PMV was 4.62 ± 0.64mm.The association be-

tween increasing age and the LA diameter was measured 

before and after PMV and was statistically significant (P = 

0.001). Four (3.8%) out of the 104 patients with moderate 

AR after PMV underwent aortic valve replacement (AVR) 

and concomitant mitral valve replacement (MVR) for  mi-

tral valve disease severity as main indication. None of the 

patients with no or mild AR underwent AVR and no pa-

tient underwent sole AVR due to AR severity. There was no 

significant association between AR progression and the 

MVR procedure after PMV (P = 0.4) (Table 3).

Table 3. Prevalence of MVR based on severity of preexisting AR n=327

Values are mean ± SD or in (%)
a Abbreviations: AR: Aortic regurgitation, AVR: Aortic Valve replacement, 

MVR: Mitral Valve Replacement

5. Discussion
Rheumatic heart disease (RHD) continues to be a com-

mon health problem in the developing world, causing 

morbidity and mortality among children and adults (10). 

Concurrent involvement of both MV and AV has been re-

ported in one third to one half of patients with RHD (9, 11, 

12). We investigated the natural history of pre-existing AR 

after the PMV procedure. Some studies have postulated 

that relieving MS may increase the amount of AR, which 

may prove to be an intolerable burden on the LV or be-

come so severe that AVR would be needed (13). After PMV 

for severe MS, one might expect AR to increase signifi-

cantly, mostly due to enhanced blood flow through previ-

ously diseased AV and bring about the need for AVR at an 

earlier than expected time. On the other hand few other 

available natural history studies on this condition have 

not confirmed this (8, 12, 14). The present study demon-

Table 1. Baseline characteristic grouped according to severity of pre-

valvuloplasty aortic regurgitation AR n= 327

                                   AR a

No 
(n = 142)

Mild 
(n = 124)

Moderate 
(n = 61)

P Value

Female 122 (43.3%) 109 (38.7%) 51 (18.1%) 0.8

Age, y 46.6 ± 11.1 47.4 ± 11.4 47.7 ± 9.5 0.7

AF a 35.4% 41.8% 22.6% 0.2

Sinus 
rhythm

45.9% 39.7% 14.4% 0.2

EF a 52.8 ± 3.8 51.7 ± 4.8 53.4 ± 4.1 0.02

LA diam-
eter

4.5 ± 0.6 4.7 ± 0.5 4.5 ± 0.7 0.1

                                     AR a

No
(n = 120)

Mild 
(n = 103)

Moderate 
(n = 104)

P Value

Female 104(36.9%) 91(32.3%) 87(30.9%) 0.5

Age 47.6 ± 10.7 48.3 ± 11.7 45.3 ± 10.3 0.1

AF a  34.2% 33.3% 32.4% 0.2

Sinus 
rhythm

39% 31.1% 29.9% 0.2

EF a 51.1 ± 5.0 51.4 ± 5.3 52.04 ± 
4.5

0.4

LA 
diameter

4.6 ± 0.6 4.7 ± 0.6 4.5 ± 0.7 0.1

Table 2. Characteristics grouped after Percutaneous balloon mitral 

valvuloplasty (n = 327)

Values are mean ± SD or in (%)
a Abbreviations: AF: sinus rhythm or AF before and after PMV, AR: Aortic 

Regurgitation, EF: Ejection Fraction, Mod AR: Moderate AR, LA: Left Atrial 

Size

                                  AR a

No
(n = 120)

Mild 
(n = 103)

Moderate 
(n = 104)

P Value

MVR a 7 (5.8%) 8 (7.7%) 9 (8.6%) 0.4

AVR a 0 0 4 (3.8%) 0.01
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strated although a slow progression to mild or moderate 

AR was common, no significant progression to severe AR 

was recorded. In our study, more patients had moderate 

AR before PMV compared to previous studies. A few need-

ed AV replacements during the follow-up but none of the 

patients required AV replacement due to AR progression 

as the sole indication.

Patients with severe AR and concomitant MS are usually 

not referred for PMV. On the other hand, combined aortic 

and mitral valve replacement is usually associated with 

higher procedural risks and poorer long-term survival 

than is the replacement of either of the two valves (7). 

Based on this study, we think PMV could also be benefi-

cial in patients with severe AR who do not yet serve the 

true indication of AVR. Future studies might better clar-

ify this point. Our patients’ mean age at the time of MV 

intervention was 47.1 ±11 years, which was close to that in 

the study done by the Vaturis group (7, 8, 12). These results 

confirmed that the mean age of presentation for MV pro-

cedures in our country is midway between that in under-

developed and developed countries (15).

Significant MS and resultant PMV were mostly seen in 

the women in the present study. The Numboodiri study 

and other studies also reported predominant patterns 

in females (4, 12). As stated previously in the results sec-

tion, AR progression was more common in the women’s 

group which could be attributed to more prevalent and 

severe rheumatic heart involvement in females. Our 

older patients were more likely to have atrial fibrilla-

tion (AF) before and after PMV (54.2 ± 9.7and 52.7 + 9.8) 

respectively, and AF increased significantly according to 

age. These findings are similar to those in some other 

studies (4, 16). Our analysis confirmed that many patients 

had sinus rhythm before PMV and it was probably due to 

the selection of lower-risk patients in the earlier stages of 

MS for PMV. After PMV and during the follow-up period, 

sinus rhythm remained predominant in 61.5% patients 

but a considerable minority of the patients (7.5%) who 

had AF before PMV had converted sinus rhythm during 

the follow-up. This trend showed the possibility of re-

verse remodeling in the left atrial changes and conduct-

ing system if PMV is preformed early and in appropriate 

candidates. This group of patients was younger and had a 

smaller left atrial size, higher EF, and effective valve area 

after PMV. In patients who had AF rhythm, before and 

after PMV, the left atrial size was larger, which was cor-

related with poorer clinical outcome and valvular mor-

phology (4, 16).

The older patients had a larger left atrial size before 

PMV and the mean diameter was greater in the men. The 

diameter of the left atrium after PMV increased 1.4mm, 

which was not statistically significant. In our study after 

PMV, the mean diameter of the left atrium in the patients 

with sinus rhythm was decreased (2mm) but the mean 

diameter of the left atrium in the patients with AF was in-

creased (2mm). Furthermore, a 1.1% reduction was seen in 

the EF of the patients during the follow-up in contradic-

tion to our first hypothesis that the EF might increase due 

to improved preload. This may be in consequence of the 

increasing age, change of the rhythm, different degrees 

of AR, and baseline RHD. The mean of the EF before and af-

ter PMV was not significantly different between our men 

and women, but the EF reduction was more predominant 

after PMV in the females.

Although there was no significant relationship between 

the patients’ rhythm and AR (P = 0.2, P = 0.4) before and 

after PMV, it seems that the patients without AR were 

more likely to have sinus rhythm, which may be due to 

milder forms of the disease. The patients who underwent 

MVR were mostly women and older, had larger left atri-

um and their rhythm was mostly AF. As pointed in results 

section, in no case was AVR performed as a single proce-

dure. All the patients who underwent AVR had moderate 

AR before surgery.

5.1. Limitations
Most of the patients had mild or moderate AR in our 

study and there was no assessment of patients with se-

vere AR. One patient with severe AR before PMV tolerated 

the procedure and her pregnancy well but we do not 

have long-term follow-up data. Our findings indicate that 

among patients with rheumatic MS and planned PMV, a 

considerable number have concomitant aortic regurgi-

tation. However, progression of AR after PMV is slow and 

PMV does not increase the rate of AVR. Based on these re-

sults, we would suggest that PMV is an effective treatment 

for patients who have MS and concurrent trivial to mod-

erate AR and is not associated with inferior outcomes.
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