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Introduction

	 Structural heart disease leads to significant morbidity and mortality if left untreated with variable causes depending on age 
group and geographical location. In the pediatric population, structural heart diseases are due to congenital anomalies. In developing 
countries, rheumatic carditis is a leading source while in the western countries and elderly, the leading problem is calcium deposition 
on valves and ischemia induced valvular changes. Treatment approaches include open-heart surgery and percutaneous interventions. 
With respect to valve stenosis, there have been revolutional changes in catheter techniques such as Transcatheter Aortic-Valve Im-
plantation (TAVI) for patients deemed at high risk for traditional aortic valve replacement and the institution of the Inoue approach 
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Abstract
Objective: To evaluate the long term clinical results of percutaneous mitral balloon 
valvuloplasty in patients with rheumatic mitral stenosis in Colombia, South America.
Background: In 1993, Colombia, South America began a National Mitral Balloon 
Valvuloplasty Registry. This multicenter database was designed to establish the long-
term safety and efficacy of percutaneous mitral valvuloplasty, as well as rate of rest-
enosis. Methods: Between January 1993 and December 2011, 182 patients >18 years 
old were treated for rheumatic mitral stenosis with percutaneous valvuloplasty in two 
centers in Colombia, South America. Clinical, echocardiographic and hemodynamic 
data were stored in an electronic database. The Inoue Balloon technique was used in 
99% of patients. The longest follow-up period was 15 years.
Results: 182 patients were included; women (89%), hypertension (19%), dyslipid-
emia (1.6%), smoking (8.8%), diabetes (5.5%) and renal failure (1%). Forty-six pa-
tients (25.7%) were NYHA functional class III-IV. Procedure related mortality was 
1.09% (2 patients). Fourteen patients (7.69%) had significant post procedure mitral 
insufficiency (grades III-IV); 4 patients (2.19%) had cardiac tamponade and 6 pa-
tients (3.3%) had vascular site related complications. The survival rate at 12 months 
was 96%. At 50 months, 60.7% of patients were alive and free of mitral surgery and 
repeated mitral valvuloplasty. The percentage of severe restenosis of mitral valve was 
4.8%, 19.2%, 15.2% at one, five and 10 years of follow-up.
Conclusions: Percutaneous mitral valvuloplasty using the Inoue balloon technique 
improves the hemodynamic profile of severe mitral stenosis.  Long-term follow-up 
suggest that it is a safe alternative to mitral valve surgery in well selected patients.
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for mitral stenosis. The treatment of mitral stenosis depends on 
the postulated cause.
	 Rheumatic fever is the most prevalent cause of mitral 
stenosis (MS)[1]. Cardiac rheumatic disease is a chronic manifes-
tation of rheumatic carditis, which occurs between 60 and 90% 
of cases in rheumatic fever[2-4]. Rheumatic mitral valvular disease 
continues to be an important public health problem, especially 
because it is a preventable disease; furthermore its incidence 
continues to grow in many developing third world countries. In 
Colombia, it is estimated that between 0.1 and 0.2% of deaths 
occur as a result of rheumatic disease[5]. Delay in the treatment 
of MS leads to complications like atrial fibrillation and pulmo-
nary hypertension[6-8]. In 1984, Inoue et al described the first 
percutaneous mitral balloon valvuloplasty (PMBV) and since 
then, the Inoue technique has been shown to produce excellent 
hemodynamic results in patients with severe rheumatic mitral 
stenosis[9]. Multiple trials have been done comparing PMBV to 
surgical mitral valvotomy with follow-up ranging from one to 
seven years[10-21]. A recent meta-analysis showed comparable 
clinical outcomes between the two approaches[22]. The external 
validity of the clinical trials are one of the most important aspect 
which are often ignored in the current cardiovascular literature 
and expert guidelines[23,24]. The long-term follow-up data in mi-
tral stenosis patients undergoing PMBV is not available for a 
country like Colombia, which is a third world country[3]. To ad-
dress this, in 1993 the Colombian Mitral Balloon Valvuloplasty 
registry was created to collect baseline, post-procedural as well 
as long-term follow-up data of patients undergoing PMBV. We 
therefore seek to analyze the long-term clinical results of PMBV 
in patients.

Methods

Data collection: The data is collected from two largest partici-
pating centers of the Colombian Mitral stenosis registry, where 
an institutional committee has approved the PMBV for Rheu-
matic mitral stenosis patients. All patients were ≥18 years old, 
known to have severe rheumatic mitral stenosis according to 
clinical, echocardiographic[25] and hemodynamic parameters. 
The registry collected data of all MS patients undergoing PMBV 
from January 1993 to December 2011. The registry ended after 
a maximum follow-up of 15 years. We retrospectively reviewed 
each patient clinical history and follow-up information was col-
lected at the time of discharge, one month, six months, one year 
and yearly thereafter. A committee reviewed all the medical re-
cords of the patients that died for adjudication of the cause.

Statistical analysis:  Continuous variables are reported as mean 
+/- SD or as Median and interquartile range. Pre-valvuloplas-
ty and post-valvuloplasty hemodynamic and echocardiograph-
ic results are compared using the KrusKal-Wallis, the Fisher or 
square chi square test according to the nature of variables (con-
tinuous or categorical). The significance level was set as p<0.05. 
Kaplan-Meier time to event curves were constructed for two 
outcomes: 1)Overall survival 2) Event free survival, with event 
defined as mitral valve surgery or repeat mitral balloon valvu-
loplasty. All the analysis was performed with the STATA 11.0 
software (StataCorp LP, Texas, USA).

Results

	 Baseline clinical characteristics for the 182 patients in-
cluded in the registry are summarized in (Table 1). The majority 
of patients were women 162 (89%) and 131 (80.86%/81.32%) 
patients had symptoms of significant congestive heart failure at 
baseline with predominantly NYHA class II heart failure. With 
respect to comorbidities, 35 (19.23%) patients had hypertension, 
10 (5.49%) diabetes, 3(1.64%) dyslipidemia, 16 (8.79%) active 
smokers, 12 (6.59%) cerebrovascular disease and 3 (1.64%) had 
coronary artery disease. Balloon valvuloplasty with the Inoue 
balloon technique was used on (99%) of the patients while the 
Multitrack double balloon technique was only used in 2 patients 
(1%). Hospital mortality was 1% (2 patients), 5.49% (10 pa-
tients) developed pericardial effusion and pericardial tamponade 
occurred in 2% (4 patients). Other post procedural complications 
are listed in (Table 2). After mitral balloon valvuloplasty 7.7% of 
the patients (14 patients) had significant (grade III and IV) mitral 
insufficiency (Figure 1), the remainder had grade II or less mitral 
regurgitation.

Figure 1: Severity of Postprocedure Mitral Valvular Insufficiency.

Table 1: Baseline Clinical Characteristics.
 n %
Men 20 11
Women 162 89
History of:
- Hypertension 35 19.23
-Diabetes 10 5.49
-Dyslipidemia 3 1.64
-Active smoking 16 8.79
-Renal insufficiency 2 1.09
-Coronary artery disease 3 1.64
-Cerebrovascular disease 12 6.59
New York Heart Association Class:
   -I                                                                  34 18.68
   -II 102 56.04
   -III 39 21.43
   -IV 7 3.84
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Table 2: Postprocedural complications.
Complication n %
Death 2 1.09
Pericardial effusion 10 5.49
Pericardial tamponade 4 2.19
Urgent surgery 4 2.19
Cardiac arrhythmia 5 2.74
Peripheral embolism 1 0.54
Pulmonary edema 6 3.29
Groin Hematoma 5 2.74
Arterio-venous fistula 1 0.54
Major bleeding 2 1.09
Stroke/Transient ischemic attack 2 1.09

	 Hemodynamic results recorded immediately before 
and after the balloon valvuloplasty are summarized in (Table 3). 
There was significant decrease in mitral valve gradient and in-
creases in mitral valve area. The mean invasive diastolic mitral 
gradient decreased from 19 ± 8.01 mmHg before the procedure 
to 6 ± 6.92 mmHg after valvuloplasty. The echocardiographic 
mean gradient diminished from 14 ± 4.89 mmHg to 8 ± 3.78 
mmHg. Invasive pulmonary systolic pressure decreased from 65 
± 22.35  mmHg (before) to 50 ± 19.18 mmHg post commissur-
otomy. Mitral valvular area as measured with echocardiography 
(planimetry method) was 0.95 ± 0.24 cm2 before valvuloplasty 
and increased to 1.68 ± 0.56 cm2 after treatment. There were no 
significant differences observed in left ventricular ejection frac-
tion pre and post PMBV. 

Table 3: Hemodynamic Changes before and after Percutaneous Mitral 
Balloon Valvuloplasty.  
 Before After p
Mitral gradient (invasive) (mmHg) 19±8.01 6±6.92 0.000
Mitral gradient (echo)  (mmHg) 14±4.89 8±3.78 0.000
PSP† (invasive) (mmHg) 65±22.35 50±19.18 0.000
PSP† (echo)  (mmHg) 66±29.39 50±24.55 0.000
MVA‡(cm²) 0.95±0.24 1.68±0.56 0.000
EF§ (echo) (%) 55±4.78 59±5.1 0.067

† PSP: Pulmonary systolic pressure in mmHg.
‡ MVA: Mitral valve area calculated by planimetry (transthoracic echo-
cardiography) in cm2.
§ EF: Ejection Fraction measured by transthoracic echocardiography.

	 One hundred and eleven patients (60.98%) were free 
of mitral valve surgery or new mitral balloon valvuloplasty at 
4 years. Forty-nine patients (26.92%) required valve surgery 
and 22 patients (12.08%) required further mitral balloon valvu-
loplasty (Table 4). Among the groups of patients that required an 
additional balloon valvuloplasty, 91% of patients only required 
one additional procedure (Figure 2). Thirty six (19.75%) of pa-
tients had an immediate non clinically significant iatrogenic atri-
al septal defect after PMBV. There after 11.72%, 9.87%, 8.02%, 
6.79% at one, two, three and four years respectively. The reste-
nosis of mitral valve after the initial procedure was 4.8% at one 
year, 8% at two years and 4% at three years. It peaked at 15.2% 
at 5-10 years and decreased to 4% at 11-15 years.

Figure 2: Percentage of Repetition of Percutaneous Mitral Balloon Val-
vuloplasty

Table 4: Outcomes of Patients at 50 months of follow-up.  
Outcome n %
Survival free of mitral valve surgery or new bal-
loon mitral valvuloplasty

111 60.98

Mitral valve surgery 49 26.92
New balloon mitral valvuloplasty 22 12.08

	 The overall 15 year survival was 38% (Figure 3). There 
were no significant differences between survivals when patients 
were divided with regards to echocardiographic score (Figure 
4). Patients with successful initial procedure (increase in mitral 
valve area to 1.5 cm2 measured by echocardiography) had sig-
nificantly better survival compared to those without successful 
initial procedure (P=0.047, Figure 5).

Figure 3: Kaplan – Meier CurveOverall Survival

Figure 4: Survival by baseline echocardiographic Wilkins score.
p=0.713 (log rank statistic)
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Figure 5: Survival by the initial success of the procedure. (“Success” 
is defined as a mitral valve area of at least 1.5cm2).  p=0.047 (log rank 
statistic)

Discussion

	 The study and long-term follow-up of patients after 
PMBV in the real world setting, especially in a third world coun-
try like Colombia are of an important relevance to the National 
Health Systems. This is especially important in the preventive 
cardiology era where focus is on hard clinical outcomes includ-
ing procedure safety[1]. National registries data are important to 
support the long-term benefit of PMBV. From 1993 to 2011 this 
study enrolled 182 patients with the longest follow-up period 
of 15 years. As a registry, it can show what happens in “the real 
world” with the outcomes of these patients. The results are in 
concordance with previous publications around the world show-
ing that this procedure is secure if performed by experienced 
operators. Furthermore, it has excellent early hemodynamic 
results. These benefits diminish with time, but it gives patients 
the opportunity to have a better quality of life as it has been 
demonstrated in previous studies[10,26-29]. The diminished benefit 
over time is related to insufficient valve opening[30]. Essop et al 
had reported a rate of restenosis with percutaneous mitral val-
vuloplasty at 0.08 cm2/year compared to 0.07 cm2/year for tho-
racotomy surgery[31]. The rate of interauricular iatrogenic septal 
defects after the procedure is similar to previous studies; usually 
these defects are very small with few millimeters of diameter 
and often without hemodynamic disturbance. It is suggested that 
its presence does not relate to important adverse outcomes[32]. 
The incidence of mild mitral regurgitation with balloon valvu-
loplasty (41%) is similar to that of previous studies (30-50%)[33]. 
The mitral insufficiency is thought to be related to procedural 
valve trauma[34] survival. In this registry, the survival rate at one 
year after mitral balloon valvuloplasty was 96%. 60.7% of pa-
tients were alive and free of mitral surgery and repeated mitral 
valvuloplasty at 50 months. Patients that had severe disease also 
had high Wilkins echocardiographic scores. In the follow-up 
period this accounted for a trend towards adverse outcomes in-
dependently of the initial success of the procedure. It is interest-
ing that patients with valvular restenosis did not have a worse 
survival compared to those without restenosis. This finding has 
been previously reported in other registries[35,36]. Our data also 
confirms that a patient with failed valvuloplasty can be a suc-
cessful candidate for future surgery[37,38].

Conclusion

	 Percutaneous mitral valvuloplasty using the Inoue bal-
loon technique improves the hemodynamic profile of severe 
mitral stenosis.  Long-term follow-up suggest that it is a safe 
alternative to mitral valve surgery in well selected patients. Fur-
thermore, this technique can be used to treat a patient multiple 
times, and if it is not successful, it does not preclude the use of 
alternative treatments.
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