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Abstract 
Objective: we sought to compare long-term results of three techniques: CMC, 
OMC and PMC in patients with rheumatic mitral stenosis. Patients and Me-
thod: Between January 1994 and December 2015, 183 patients underwent mi-
tral valve surgery for rheumatic mitral restenosis. All patients were investi-
gated by echocardiography-Doppler performed by a senior cardiologist. The 
patients were divided into 3 groups: patients who have previously closed mi-
tral commissurotomy (CMC n = 101), patients with previously open mitral 
commissurotomy (OMC n = 28) and those treated by Balloon mitral valvu-
loplasty (PMC = 54). Results: The three groups were comparable in term of 
major demographic data. Mitral restenosis occurred precociously in groups 
treated by PMC (7 ± 4 years), followed by group with OMC 11.4 ± 4 years and 
CMC group but it occurred later CMC 16.8 ± 7.8 years (p < 0.01). No statis-
tical difference was found in perioperative and postoperative data. Conclu-
sion: CMC produces better long-term outcome than OMC and PMC. How-
ever, it would be premature to conclude to its superiority. 
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1. Introduction 

Rheumatic mitral stenosis (RMS) is a frequent cause of valve disease in developing 
countries. Its prevalence is at least 10 times higher than in western countries [1]. 
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Treatment of RMS has dramatically changed during the last few decades. De-
pending upon the severity of the disease and the socio-economic level, the treat- 
ment modality varies and the choice may be either conservative technique or 
mitral valve replacement procedure. 

There are three conservative measures to treat RMS: closed mitral commissurot-
omy (CMC), open mitral commissurotomy (OMC) or percutaneous mitral com-
missurotomy (PMC). It is estimated that about 10% to 30% of patients have devel-
oped restenosis 5 - 10 years after initial successful surgical commissurotomy [2]. 

There is a paucity of data comparing long-term results of three conservative 
techniques. Many questions are still open about which technique allows the ex-
cellent long-term outcome and avoids precocious mitral restenosis. This retro- 
spective study was designed to compare the long-term results of the three con-
ser- vative procedures. 

2. Patients and Methods 

Among 1535 Consecutive patients who underwent mitral valve surgery at our 
institution between January 1994 and December 2015, we identified 183 patients 
(11.9%) who had previously received mitral commissurotomy. 

Patients are divided into three groups: Patients who had closed mitral com-
missurotomy (CMC, n = 101), patients with previous open commissurotomy 
(OMC, n = 28) and patients who underwent percutaneous mitral commissu-
rotomy (PMC, n = 54). 

All patients were discussed at heart-team by both the cardiologist and the car-
diac surgeons. 

All patients were investigated by 2 dimensional and color Doppler echocardi-
ography performed by a senior cardiologist before surgery.  

The mitral valve area (MVA) was calculated from the Doppler study using the 
pressure half-time method and by planimetry using the parasternal short axis, 
and the continuous wave Doppler technique was used to calculate the mitral 
gradient and systolic pulmonary artery pressure (SPAP). Left ventricular dimen-
sion and function and left atrium (LA) diameter were measured as recommend-
ed by the American society of Echocardiography [3]. Color Doppler flow imag-
ing was performed for diagnosis and quantification of mitral regurgitation (MR). 

The study included symptomatic patients with mitral restenosis, with MVA ≤ 
1.5 cm2, isolated MRS or with ≤grade II MR. Were excluded from the study, pa-
tients with MR >grade II and those with evidence of coronary artery disease. 

Clinical data including, NYHA functional class, comorbidities, echocardiogra- 
phic data and surgical data are reported. 

2.1. Surgical Protocol 

Patients were operated on under general anesthesia and cardiopulmonary bypass 
(CPB). In redo cardiac surgery, redo sternotomy was performed carefully. Li-
miting mediastinal dissection to only those structures for cannulation and ex-
posure may reduce mortality and risk of cardiac injury. After initiation of CPB, 
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myocardial protection was maintainted by anterograde intermittent infusion of 
cold crystalloid cardioplegia before 2000, and cold blood cardioplegia was used 
for all patients after 2000. 

The judgment criteria of long term result were the interval between the initial 
mitral commissurotomy and mitral restenosis. 

2.2. Definitions of Complications 

Complications were defined in accordance with the published guidelines for re-
porting valve related morbidity and mortality after cardiac valve surgery [4]. 

2.3. Statistical Analysis 

Statistical analysis was performed with SPSS (Statistical Package for social sci- 
ence: SPSS Chicago, IL 19.0). 

Data were reported as the meant SD or median with IQ. 

3. Results 

As shown in Table 1, the three groups were comparable in terms of major de-
mographic data. The patients in the three groups were young and there were 
more female than male. Women’s were predominantly corresponding to 71% of 
the patients in this study. 

All patients were symptomatic with more than 60% being in NYHA function-
al class III-IV. Incidence of preoperative atrial fibrillation was higher in patients 
with previous CMC (72.3%) vs. 61% in patients with PMC and 57% in those 
with OMC (p = 0.19). But the low incidence of preoperative cerebrovacular ac-
cident was found in CMC group. 

Echocardiographic data showed that patients with mitral restenosis after 
OMC had large left atrium diameter than other groups (OMC: 58 ± 12.5 mm vs. 
CMC: 53.9 ± 8.3 vs. 52 ± 9.2 mm in PMC with p = 0.032). 

The mean MVA was also statistically different in the three groups: CMC: 1.05 
± 0.3 cm² vs. 1.05 ± 0.2 cm² in PMC group and 1.26 ± 0.4 cm² OMC group (p = 
0.01). 

But not differences were found between groups in regard to other echographic 
parameters (LV diameters, LV ejection function, pulmonary artery pressure). 
Mitral restenosis occurred precociously in patients who underwent PMC than 
other groups: mean time interval between initial mitral commissurotomy and 
restenosis was: 7 ± 4 years in PMC group vs. 11.4 ± 4 years in OMC group and 
16.8 ± 7.8 years in CMC group (p = 0.001). 

Comorbidities expressed by Euroscore were frequent in patients with CMC or 
OMC than those treated by PMC (p = 0.001). 

The 30_day mortality was similar between all groups (p = 0.98). There was no 
significant difference in the postoperative complications. But patients with CMC 
and those with OMC required more RBC transfusion compared with group 
treated previously by BMC (CMC: 41.4% vs. OMC: 32.1% and PMC: 13.5%, p = 
0.002) (Table 2). 
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Left atrial thrombosis was found only in 2 cases in group with OMC. 
 

Table 1. Patient’s baseline characteristics.  

Variable CMC (n = 101) OMC (n = 28) PMC (n = 54) P 

Age (years) 43.5 ± 9 7 38.7 ± 10 4 431 ± 9.8 0.071 

Sex F/M 73/28 16/12 44/10 0.063 

BMI kg/m2 24.2 ± 3.9 23.3 ± 3 23.9 ± 3 0.48 

NYHA class III - IV 59 (58.4%) 18 (64.3%) 34 (63%) 0.78 

CTI 0.57 ± 0.06 0.58 ± 0.08 0.56 ± 0.05 0.31 

AF n (%) 73 (72.3%) 16 (57%) 33 (61%) 0.19 

Preop CVA n (%) 2 (2%) 3 (10.7%) 3 (5.6%) 0.11 

Renal dysfunction 3 (3%) 0 (0%) 2 (3.7%) 0.6 

CPOD (%) 6 (5.9%) 1 (3.6%) 1 (1.9%) 0.48 

LA diameter mm 53.9 ± 8,3 58 ± 12.5 52 ± 9.2 0.032 

LV ESD mm 33.9 ± 6 34.5 ± 7.5 34.4 ± 7.5 0.89 

LV EDD mm 50.5 ± 7.2 53.2 ± 7.6 50.7 ± 8.8 0.3 

RF (%) 32 ± 6.9 32.7 ± 6.8 31.9 ± 7.8 0.89 

LV EF (%) 60.8 ± 9.4 61.5 ± 9.1 60 ± 9 0.77 

SPAP mmhg 50.8 ± 20.5 53.4 ± 20.8 51.6 ± 15.7 0.83 

MVA (cm2) 1.05 ± 0.3 1.26 ± 0.4 1.05 ± 0.2 <0.01 

Mitral valve gradient (mmhg) 10.8 ± 4.3 9.3 ± 2.6 12.2 ± 4 0.2 

Time years Follow-up period 16.8 ± 7.8 11.4 ± 4 7 ± 4 <0.01 

LV EF <40% 3 (3%) 1 (3.6%) 2 (3.7%) 0.96 

Euroscore 4.84 ± 2 4.96 ± 2 1.73 ± 2.2 <0.01 

AF: atrial fibrillation, BMI: body mass index, CPOD: Chronic obstructive pulmonary disease, CTI: cardio-
thoracic index, LA: left atrium, LVEDD: left ventricular end diastolic diameter, LVEF: left ventricular ejec-
tion fraction, LVESD: left ventricular end systolic diameter, MVA: mitral valve area, RF: racourcissement 
fraction, SPAP: systolic pulmonary artery pressure. 

 
Table 2. Early surgical results. 

Variable CMC (n = 101) OMC (n = 28) PMC (n = 54) P 

No elective surgery n (%) 1 (1%) 0 (0%) 1 (1.9%) 0.73 

Mean CPB time (min) 102.5 ± 41 114.6 ± 43.8 109 ± 48 0.37 

Mean Aortic Cross Clamp time (min) 69.4 ± 34.2 78.9 ± 32 74.3 ± 42 0.42 

Mean surgical procedure time (min) 205.6 ± 56.3 234 ± 68 204.8 ± 51.3 0.054 

Mean MV support-time (H) 9 (6 - 18) 10 (6 - 18) 5 (4 - 7) 0,19 

ICU stay 24 (22 - 48) 44 (24 - 60) 38 (24 - 48) 0.67 

Postoperative stay 12.8 ± 9 14.9 ± 9.6 11.6 ± 4.6 0.27 

LOS n (%) 11 (10.9 %) 4 (14.3%) 3 (5.6%) 0.39 

Reexploration for bleeding n (%) 4 (4%) 1 (3.6%) 2 (3.8%) 0.99 

Postoperative RI n (%) 4 (4%) 2 (7.2%) 4 (7.4%) 0.62 

RBC transfusion n (%) 41 (41.4%) 9 (32.1%) 7 (13.5%) <0.01 

In hospital mortality rate n (%) 8 (7.9%) 2 (7.1%) 4 (7.4%) 0.98 

MOF (%) 7 (7.1%) 2 (7.1%) 2 (3.9%) 0.73 

CPB: cardio pulmonary bypass, ICU: intensive care unit, LOS: low out pout syndrome, RBC: red blood cell, 
MOF: multivisceral organe failure. 
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4. Discussion 

Our study compared long-tem results obtained after mitral commissurotomy for 
RMS performed with three techniques: CMC, OMC and PMC. The main criteria 
were mitral restenosis. The study showed that mitral restenosis occurred preco-
ciously in patients treated by PMC 7 ± 4 years followed by those treated by OMC 
11.4 ± 4 years, However mitral restenosis occurred later in patients who had 
previous CMC 16.8 ± 7.8 years (p = 0.001). 

Rheumatic mitral stenosis (RMS) is a frequent cause of valve disease in devel-
oping countries [5]. Its prevalence is at least 10 times higher than in developed 
countries [1]. Treatment of RMS has dramatically changed during the last few 
decades. Depending upon the severity of the disease, the treatment modality va-
ries and the choice may be either conservative techniques: Closed mitral com-
missurotomy (CMC), open mitral commissurotomy (OMC), percutaneous mi-
tral commissurotomy (PMC) or straight way mitral valve replacement (MVR).In 
most cardiac centers, in developing countries CMC has been the favored tech-
nique for the treatment of RMS for several reasons. Became the affected poor 
patients cannot afford the cost of replacement by mechanical or bio-prosthetic 
valve and CMC remains an alternative saving therapy for them. CMC was widely 
done with good results in major cities as early as the 1960. However some dis-
advantages of CMC are real and must be appreciated. Since 1970, numerous 
surgeons have abandoned CMC in such patients and do an OMC. This tech-
nique, allowing direct inspection and treatment of the valve and its subvalvular 
apparatus, gradually replaced closed technique. But CMC in expert hand is a safe 
alternative to OMC and PMC [6]. In 1984, the introduction of PMC once again 
modified the therapeutic strategy of RMS [7]. PMC not only avoids all the com-
plications associated with a surgical operation, open or closed, but also is cost 
effective [8] [9]. Many comparative studies [10] [11] were performed between 
series of patients treated with different techniques trying to establish the supe-
riority of the latest technique over the others. Until today, there are still contro-
versies about the long term results when comparing the three conservative tech-
niques. It is known that conservative procedure is not a definitive therapy for 
mitral stenos is but rather a temporary palliative measure. 

Also, it is interesting to remember that mitral valve disease is a continuously 
progressive disease. Often, repeat intervention is necessary after a certain period 
of time. Few studies are performed on randomized series and had a relatively 
short follow-up [12]. There is one randomized and prospective study comparing 
the long term (7 years) clinical and echocardiographic follow-up of the three 
conservative procedures [13]. This study concluded that PMC and OMC pro-
duce excellent and comparable hemodynamic improvement and associated with 
a lower rate of restenosis and need for re-intervention when compared to CMC. 

Despite its retrospective design, our study was performed in order to compare 
to three conservative techniques. We found that the three groups were homo-
genous for preoperative clinical variables echocardiographic data. 

Prolonged follow-up revealed that the incidence of restenosis was as high as 
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30% - 40% after 10 years, which resulted in an increasing number of patients 
needing reoperation. According to the large group case reports in china, Liu et al 
reported that the average time interval between the initial mitral commissurot-
omy and the reoperation was 13 ± 6.8 years. Our results showed that recurrence 
of mitral stenosis occurred later after CMC compared to reports published in the 
literature 16.8 ± 7.8 years. Older studies found that reoperation is required due 
to restenosis is usually after about 10 years [14] [15] [16]. With the progress in 
CPB and myocardial protection, CMC gradually gave way to open mitral com-
missurotomy. Choudhary et al. found that outcome of OMC is better than CMC 
and it provides excellent early and long term results in a selected group of pa-
tients [17]. 

Since mitral balloon valvuloplasty (PMC) was introduced in 1984 by Inoue [7] 
and its widespread application, it’s an effective treatment option for significant 
RMS. The efficacy of BMV has been well documented and accompanied by sim-
ilar outcome as other methods [18]. (Today a similar area can be obtained after 
PMC) [5] [19]. The immediate and long term results of BMV are similar to those 
of closed and open surgical commissurotomy in comparable groups of patients 
[19] [20] [21]. Moreover, some authors have shown PMC to be comparable or 
superior to CMC [22]. After PMC, approximately 7% to 21% of patients develop 
recurrent heart failure due to mitral restenosis [23] [24]. In our study, mitral 
restenosis occurred more frequently in patients who had PMC (7 ± 4 years). In 
one study, symptomatic mitral restenosis occurred 11 ± 4 years after PMC [25]. 

In the literature were have observed different restenosis frequency among the 
studies, ranging from 3 to 7 years. In recent report [26], mitral restenosis oc-
curred in 44.1% of patients in a mean 49 ± 31 months follow-up. In the other 
hand, not all patients were found to have an optimal mitral valve area, and it 
suggested that the mechanism of successful PMC may be more complex than 
reported previously [27] [28]. 

Wang et al. [29] observed gradual and progressive loss of the mitral valve area, 
after PMC and absence of correlation Between MVA and restenosis, suggesting 
that it is a part of an ongoing biological process rather than mechanical or re-
traction process. 

Numerous studies identified some factors that favor a more successful out-
come as: young age, satisfactory valvular anatomy, echocardiographic score ≤8, 
presence of sinus rhythm, absence of mitral regurgitation before the procedure, 
and absence of surgical mitral commissurotomy before the procedure [26] [30] 
[31]. 

Study Limitations 

This study has several limits inherent to its retrospective design. Despite reste-
nosis of mitral area occurred later after CMC, it is difficult to conclude its supe-
riority than other techniques. 

The three techniques were performed in different centers by different practi-
tioners; hence, it is difficult to establish direct comparison among the three tech- 
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niques. The lack of data concerning mitral valve anatomy before BMV may not 
help to separate favorable cases (score >8). 

5. Conclusion 

This study showed that CMC and OMC produce excellent long-term results and 
have low rate mitral restenosis. However, it would be premature to come to a de-
finitive conclusion inherent to study limitations. 
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