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Abstract 

Introduction: Rheumatic mitral stenosis (MS) is a common valvopathy in developing countries that requires 

invasive or minimally invasive treatment. There is scarcity of data regarding the long term follow up of treated 

MS patients. 

Aim: The aim of this study was to compare the long-term outcomes of biologic and mechanical prosthesis and 

percutaneous transvenous mitral commissurotomy (PTMC) in treated MS patients. 

Materials and Methods: This historical cohort study was conducted on treated MS patients who underwent 

treatment in a tertiary hospital in Mashhad, Iran. Treated MS patients were identified and asked to refer to the 

center for follow up. Demographic characteristics and type of treatment intervention were obtained from patient 

records. The follow up assessment included history of PTMC, readmission and echocardiography to assess trans 

mitral gradient (MG), size and function of right ventricle (RV) and the presence and severity of other valvopathies. 

Results: A total of 135 patients (21.5% males and 78.5% females) with the mean age of 43.68 ± 11.17 years old 

participated in the study. The most common intervention method was mechanical valve (61.5%) followed by 

PTMC (24.4%) and biologic valve (14.1%). Median follow up duration was 4 years. Majority of subjects (52.6%) 

remained asymptomatic and the functional class was reduced significantly compared to baseline. MG was 

significantly higher in PTMC and biological valve group compared to mechanical valve p<0.001). Mitral 

regurgitation (MR) was more prevalent in PTMC group (p<0.001) while abnormal RV size and function the least 

common in PTMC group (p=0.014 and p=0.002 respectively). 

Conclusions: All intervention groups resulted in improved functional class of MS patients but high prevalence of 

MR and lower prevalence of abnormal RV size and function were observed in PTMS group compared to surgical 

groups. 

Keywords: Percutaneous Transvenous Mitral Commissurotomy, Biologic Mitral Valve Prosthesis, Mechanical 

Mitral Valve, Follow up, Mitral Stenosis, Mitral Valvuloplasty 

1. Introduction 

Mitral stenosis (MS) is among the most common valvular heart diseases in developing countries including Iran 

(Saxena, 2018; Wunderlich, Beigel, & Siegel, 2013) affecting life expectancy and damaging the quality of life 

(Marzangi et al., 2018). The primary treatment for MS was partial commissurotomy (Selzer & Cohn, 1972). 

Balloon valvuloplasty was introduced by Inoue in 1982 and is being used ever since (Watanabe, 2016). There is 

scarcity of literature regarding the long term follow up of MS balloon valvuloplasty and its comparison with mitral 

valve replacement. In a study, balloon valvuloplasty patients were surveyed for 13 years and the preintervention 

mitral valve area and echocardiographic score were reported to be the predictors of mitral valve restenosis (Fawzy, 

2009). In another study 15 year follow up of MS patients undergoing surgical valve replacement revealed that the 

need for valve replacement was significantly lower in mechanical valves compared to biologic prostheses (Al 

Mosa, Omair, Arifi, & Najm, 2016). In another study, mortality and morbidity due to repeated valvuloplasty and 

prosthesis replacement were significantly related to preintervention echocardiographic score (Fawzy et al., 2007). 

In another study echocardiography score above 8 in balloon valvuloplasty patients was associated with mitral 

insufficiency in follow up (Palacios, Sanchez, Harrell, Weyman, & Block, 2002). The aim of this study was to 

assess the mid term and long term follow up of patients with mitral stenosis who underwent valvuloplasty. 
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2. Materials and Methods 

This historical cohort was performed on patients with the history of rheumatic MS who underwent mitral 

valvuloplasty in the Cardiology Department of the Imam Reza Hospital, Mashhad, Iran from March 2008 to March 

2018. The demographic and baseline data prior to valvuloplasty and the type of valvuloplasty were extracted form 

patient records. Patients were then contacted by the researchers and were invited to the hospital to perform follow 

up assessment including physical examination and echocardiography. Patients with the history of endocarditis 

were excluded for the study. In the follow up assessment history of further hospitalization and the reason for 

hospitalization were also recorded. Other information included type and size of the prosthetic valve in cases of 

surgical valve replacement. A written informed consent was obtained from all patients who were willing to 

participate in the study. 

The primary outcome measures included need for repeated valvuloplasty in each treatment group, while secondary 

outcome measures included number of further hospital admissions related to MS treatment, recurrence of mitral 

stenosis, status of other heart valves, left ventricular function and pulmonary artery pressure as well as the size and 

function of right ventricle. The results were then compared between treatment groups. 

The study protocol was approved by the Ethical Committee of the Mashhad University of Medical Sciences (Reg. 

No. IR.MUMS.MEDICAL.REC.1397.270). 

2.1 Statistical Analysis 

Data was analyzed using the statistical package for social sciences (SPSS) software version 16 (IBM Inc., Chicago, 

Il, USA). The Kolmogorov-Smirnov test was used to assess the normality of continuous data. Normally distributed 

variables were presented using mean and standard deviation (SD) while non-normally distributed variables were 

presented using median and interquartile range (IQR). Categorical variables were presented using frequency and 

percentage. In order to compare normally distributed continuous variables between intervention groups, the one-

way analysis of variance (ANOVA) test was used while the Kruskal-Wallis test was used to compare non-normally 

distributed variables between intervention groups. The chi square or Fisher exact test was used to compare the 

distribution pattern of the categorical variables between groups. 

3. Results 

A total of 135 patients (29, 21.5% males and 106, 78.5% females) agreed to participate in the study. The baseline 

characteristics of the study subjects are presented in Table 1. The mean age of the subjects at time of treatment 

intervention was 43.68 ± 11.17 years old. Mitral valve replacement using biological and mechanical valves were 

identified in 19 (14.1%) and 83 (61.5%) of the subjects respectively, while percutaneous transvenous mitral 

commissurotomy (PTMC) was performed in 33 (24.4%) of the subjects. The mean body mass index of the subjects 

was 27.82 ± 5.53 kg/m2. Comparison of baseline characteristics of the subjects between intervention groups is 

presented in Table 1. There was a significant difference in the frequency of smoking (p<0.001), cardiac rhythm 

(p=0.027) and the extent of mitral regurgitation (p<0.001) between intervention groups at baseline (Table 1). The 

mean age of subjects in biological and mechanical valve groups were 41.47 ± 3.02 and 51.42 ± 1.14 years old 

respectively, while the mean age in the PTMC group was 45.12 ± 11.91 years old. There was a significant age 

difference between groups (p<0.001) indicating that the age in the mechanical valve group was significantly higher 

than biological (p=0.002) and PTMC (p=0.021) groups. 

The median and IQR for follow up duration were 4.00 and 3.00 years respectively (ranging from 0 to 17 years). 

There was no significant difference in terms of follow up duration between intervention groups (p=0.229). The 

median and IQR for follow up intervals were 4.00 and 3.00 times respectively (ranging from 0.0 to 17.0 times). 

The characteristics of study subjects at follow up is presented in Table 2 and 3. The history of PTMC was present 

in 18 (13.3%) subjects among, whom 3 (16.7%) were in biologic valve group, 13 (72.2%) in mechanical valve 

group and 2 (11.1%) in PTMC group. There was no significant difference between groups in terms of the frequency 

of secondary PTMC (p=0.368). Mean trans mitral gradient was significantly different between intervention groups 

(p<0.001) indicating a significant difference in MG between biological and mechanical group (p<0.001) and 

mechanical and PTMC groups (p<0.001) (Table 2). Readmission was recorded in 36 (26.7%) of the subjects (Table 

3). There was a significant difference in terms of mitral regurgitation severity (p<0.001), right ventricular size 

(p=0.014) and right ventricular function (p=0.02) between intervention groups (Table 3). The NYHA class was 

significantly improved at follow up compared to baseline (p=0.039) (Figure 1) but there was no significant 

difference between intervention groups (p=0.505). 
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Table 1. Baseline characteristics of study subjects 

Variable 
Total 

Frequency (%) 

Biologic valve 

Frequency (%) 

Mechanical valve 

Frequency (%) 

PTMC 

Frequency (%) 
p 

Gender 
Male 29 (21.5%) 3 (15.8%) 20 (24.1%) 6 (18.2%) 

0.633 
Female 106 (78.5%) 16 (84.2%) 63 (75.9%) 27 (81.8%) 

Diabetes 17 (12.6%) 3 (15.8%) 11 (13.3%) 3 (9.1%) 0.749 

Hypertension 21 (15.6%) 2 (10.5%) 14 (16.9%) 5 (15.2%) 0.787 

Hyperlipidemia 20 (14.8%) 2 (10.5%) 15 (18.1%) 3 (9.1%) 0.400 

Smoking 15 (11.1%) 0 (0.0%) 5 (6.0%) 10 (30.0%) <0.001** 

Cerebrovascular accident 13 (9.6%) 4 (21.1%) 9 (10.8%) 0 (0.0%) 0.039* 

Chronic kidney disease 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - 

Thyroid abnormality 6 (4.4%) 1 (5.3%) 5 (6.0%) 0 (0.0%) 0.358 

Ischemic heart disease 8 (5.9%) 2 (10.5%) 6 (20.7%) 0 (0.0%) 0.074 

Rhythm 

NSR 81 (60.0%) 12 (63.2%) 43 (51.8%) 26 (78.8%) 

0.027* AF 54 (40.0%) 7 (36.8%) 40 (48.2%) 7 (21.2%) 

Paravalvular 6 (4.4%) 1 (5.3%) 5 (6.0%) 0 (0.0%) 

MS severity  

Progressive 10 (7.4%) 0 (0.0%) 0 (0.0%) 10 (30.3%) 

- Severe 18 913.3%) 0 (0.0%) 0 (0.0%) 18 (54.5%) 

Very severe 5 (3.7%) 0 (0.0%) 0 (0.0%) 5 (15.2%) 

Type of 

intervention 

MVR 51 (37.8%) - - - 

- 

PTMC 33 (24.4%) - - - 

MVR TV repair 17 (12.6%) - - - 

MVR AVR 15 (11.1%) - - - 

MVR CABG 6 (4.4%) - - - 

MVR TVR 5 (3.7%) - - - 

MVR AVR TV 

repair 
5 (3.7%) - - - 

MVR AVR TVR 3 (2.2%) - - - 

NYHA 

Class I 7 (5.2%) 3 (15.8%) 3 (3.6%) 1 (3.0%) 

0.080 
Class II 46 (34.1%) 6 (31.6%) 24 (28.9%) 16 (48.5%) 

Class III 42 (31.1%) 5 (26.3%) 26 931.3%) 11 (33.3%) 

Class IV 40 (29.6%) 5 (26.3%) 30 (36.1%) 5 (15.2%) 

NSR= normal sinus rhythm, AF= atrial fibrillation, MVR= mitral valve replacement, PTMC= percutaneous 

transvenous mitral commissurotomy, TV= tricuspid valve, AVR= aortic valve replacement, CABG= coronary 

artery bypass graft, TVR= tricuspid valve replacement, NYHA= New York Heart Association classification 

* Significant at α=0.05 

** Significant at α=0.01 

 

Table 2. Characteristics of study subjects at follow up 

Variable 
Total 

Mean ± SD 

Biological valve 

Mean ± SD 

Mechanical valve 

Mean ± SD 

PTMC 

Mean ± SD 
p 

BMI (kg/m2) 27.82 ± 5.53 26.16 ± 3.14 27.60 ± 6.00 29.35 ± 5.09 0.111 

Visit intervals 4.00 (3.00) 5.00 (3.00) 4.00 (4.00) 4.00 (3.00) 0.229 

PAP (mmHg) 34.21 ± 8.60  32.63 ± 9.06 35.49 ± 9.11 31.88 ± 6.29 0.085 

EF (%) 54.51 ± 7.36 55.62 ± 4.49 54.29 ± 7.91 54.33 ± 7.35 0.719 

MG 4.81 ± 1.65 5.76 ± 2.07a 4.22 ± 1.29ab 5.73 ± 1.55 b <0.001** 

TV annulus (??) 3.19 ±0.45 3.05 ± 0.36 3.21 ± 0.50 3.21 ± 0.34 0.355 

BMI= body mass index, kg= kilogram, m=meter, PAP= pulmonary artery pressure, mm= millimeter, EF= ejection 

fraction, MG= trans mitral gradient, TV= tricuspid valve, PTMC= percutaneous transvenous mitral 

commissurotomy 

a p<0.001, b p<0.001 

* Significant at α=0.05 

** Significant at α=0.01 
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Table 3. Characteristics of study subjects at follow up 

Variable 
Total 

Frequency (%) 

Biological valve 

Frequency (%) 

Mechanical valve 

Frequency (%) 

PTMC 

Frequency (%) 
p 

Readmission 36 (26.7%) 5 (26.3%) 24 (28.9%) 7 (21.2%) 0.698 

Hemodynamic motion 
Normal 96 (07.0%) 17 (89.5%) 79 (98.8%) 0 (0.0%) 

0.093 
Abnormal 3 (3.0%) 2 (10.5%) 1 (1.3%) 0 (0.0%) 

AS 

Normal 117 (86.7%) 17 (89.5%) 70 (84.3%) 30 (90.9%) 

0.844 
Mild 1 (0.7%) 0 (0.0%) 1 (1.2%) 0 (0.0%) 

Progressive 13 (9.6%) 1 (5.3%) 9 (10.8%) 3 (9.1%) 

Abnormal 4 (3.0%) 1 (5.3%) 3 (3.6%) 0 (0.0%) 

AI 

Normal 73 (54.1%) 8 (42.1%) 48 (57.8%) 17 (51.5%) 

0.209 
Mild 41 (30.4%) 8 (42.1%) 23 (27.7%) 10 (30.3%) 

Moderate 20 (14.8%) 2 (10.5%) 12 (14.5%) 6 (18.2%) 

Transvalvular 1 (0.7%) 1 (5.3%) 0 (0.0%) 0 (0.0%) 

Mitral regurgitation 

No 101 (74.8%) 18 (94.7%) 78 (94.0%) 5 (15.2%) 

<0.001** 

Mild 15 (11.1%) 0 (0.0%) 0 (0.0%) 15 (45.5%) 

Moderate 12 (8.9%) 0 (0.0%) 0 (0.0%) 12 (36.4%) 

severe 1 (7.0%) 0 (0.0%) 0 (0.0%) 1 (3.0%) 

Paravalvular 6 (4.4%) 1 (5.3%) 5 (6.0%) 0 (0.0%) 

MS severity  

Progressive 10 (7.4%) 0 (0.0%) 0 (0.0%) 10 (30.3%) 

- Severe 18 913.3%) 0 (0.0%) 0 (0.0%) 18 (54.5%) 

Very severe 5 (3.7%) 0 (0.0%) 0 (0.0%) 5 (15.2%) 

Rheumatic TV involvement 38 (28.1%) 6 (31.6%) 28 (33.7%) 4 (12.1%) 0.061 

TR 

No 11 (8.1%) 1 (5.3%) 7 (8.4%) 3 (9.1%) 

0.151 
Mild 72 (53.3%) 13 (68.4%) 36 (43.4%) 23 (69.7%) 

Moderate 32 (23.7%) 4 (21.1%) 22 (26.5%) 6 (18.2%) 

Severe 18 (13.3%) 1 (5.3%) 16 (19.3%) 1 (3.0%) 

Right ventricle size 
Normal 104 (77.0%) 17 (89.5%) 57 (68.7%) 30 (90.9%) 

0.014* 
Abnormal 31 (23.0%) 2 (10.5%) 26 (31.3%) 3 (9.1%) 

Right ventricular function 
Normal 93 (68.9%) 17 (89.5%) 48 (57.8%) 28 (84.8%) 0.002** 

Reduced 42 (31.1%) 2 (10.5%) 35 (42.2%) 5 (15.2%) 

0.106 
Symptoms 

None 71 (52.6%) 10 (52.6%) 46 (55.4%) 15 (45.5%) 

Dyspnea 59 (43.7%) 7 (36.8%) 34 (41.0%) 18 (54.5%) 

Edema 2 (1.5%) 0 (0.0%) 2 (2.4%) 0 (0.0%) 

Chest pain 1 (0.7%) 1 (5.3%) 0 (0.0%) 0 (0.0%) 

Fatigue 1 (0.7%) 1 (5.3%) 0 (0.0%) 0 (0.0%) 

Palpitation 1 (0.7%) 0 (0.0%) 1 (1.2%) 0 (0.0%) 

AS= aortic stenosis, AI= aortic insufficiency, MS= mitral stenosis, TR= tricuspid regurgitation, PTMC= 

percutaneous transvenous mitral commissurotomy 

* Significant at α=0.05 

** Significant at α =0.01 
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Figure 1. NYHA class distribution of subjects from baseline to the follow up 

 

4. Discussion 

The findings of this study revealed that majority of subjects underwent surgical valve replacement using 

mechanical valve (61.5%) followed by PTMC (24.4%). This finding was in contrast with the current trend in 

valvuloplasty, which indicates that PTMC is the first choice in developing countries (Kobayashi, 2019). As there 

was no significant difference in follow up duration between treatment interventions, the reason for the higher 

frequency of mechanical valve replacement might be due to the severity of MS and the existence of rheumatic 

involvement in other valves. 

The findings of this study revealed that after a median of 4 years follow up 52.6% of the subjects were symptom 

free and the NYHA class was significantly improved in all treatment groups. This finding was in line with the 

findings of previous studies (Feldman et al., 2015; Bakir, Onan, Onan, Gul, & Uslu, 2013). Readmission occurred 

in 26.7% of the subjects in this study. As this study included three types of treatment interventions, the findings of 

this study were not comparable with the findings of the previous studies that assessed only one treatment method. 

The rate of readmission has been previously reported to range between 25% to 78% (Franzone et al., 2017; 

Vassileva, Ghazanfari, Spertus, McNeely, Markwell, & Hazelrigg, 2014). 

This study also revealed that the prevalence of severe (7.0%) and progressive (4.4%) mitral regurgitation and 

severe tricuspid regurgitation (13.3%) were low. This finding was also in line with the findings of previous studies 

(Feldman et al., 2015; Bakir, Onan, Onan, Gul, & Uslu, 2013; Jackson et al., 2018). 

Comparison of the outcomes between groups Echocardiographic findings of this study revealed that the size and 

function of the right ventricle were significantly higher in mechanical valve group at follow up compared to 

biologic valve and PTMC groups. Similar finding was observed in MS patients with comorbid and severe TR 

(Pubmeddev et al., 2019). Similarly, trans mitral gradient was significantly higher in biological valve and PTMC 

groups compared to mechanical valve group. This finding was in contrast with the finding of the study by Sharma 

et al. (2013), that reported no significant difference in trans mitral gradient between surgical valve replacement 

and PTMC in patients undergoing second time PTMC after prior valvuloplasty (Sharma et al., 2014). The reason 

for the difference in the findings of the studies might be due to the smaller sample size in the study by Sharma et 

al. (2013) and the inclusion of failed valvuloplasty cases. Furthermore, mitral regurgitation was significantly more 

prevalent in the PTMC group. This finding was in contrast with the findings of the study by Jackson et al. (2018) 

on 223 patients undergoing either PTMC or surgical repair and reported higher incidence of MR in the surgery 
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group (Jackson et al., 2018). The reason for this controversy might be due to the larger sample size in the study by 

Jackson et al. (2018). 

One of the limitations of this study was lack of information regarding the pre-existing valvular abnormalities and 

baseline echocardiographic assessment records. It is recommended for further researches to include patients with 

available echocardiographic assessments in order to be able to identify changes in these parameters. The strength 

of this study was the duration of follow up and the inclusion of the three main methods of MS treatment in the 

study. but there is a need for larger and multicenter studies to identify the general pattern of long-term outcomes 

among these three intervention types. 

5. Conclusion 

The findings of this study revealed that after the median of 4 years follow up, the functional class of MS patients 

decreased significantly in all groups but PTMC and biologic valves were prone to increased trans mitral gradient, 

while surgical valve replacement methods were prone to abnormal right ventricle size and decreased right 

ventricular function. 
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