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Abstract

Original Article

IntroductIon

Rheumatic valvular heart disease (RVHD), which is a major 
cardiac health problem in Turkey, is also a common problem 
in developing countries. It is related to an exaggerated 
immune response due to cross-reactivity between Group-A 
beta-hemolytic streptococcus antigen and the valve tissue.[1] 
There is no precise data on the prevalence of RVHD in Turkey. 
Patients with recurrent attacks of acute rheumatic fever (ARF) 

resulting in carditis which can develop into RVHD.  According 
to the Jones criteria, Turkey has a moderate risk for ARF in the 
general population.[1] Severe mitral stenosis (MS) is the major 
cause of clinical worsening and limitation in the functional 
capacity of patients with RVHD. Since the first description 
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of the valvuloplasty procedure in 1984, percutaneous mitral 
balloon valvuloplasty (PMBV) has been the primary procedural 
decision in many patients with MS.[2] Although it entails 
mortal risks, which diminish with the increasing experience 
of the practitioner and the proper patient selection; PMBV is 
an effective method in the short and long term.[3] To reduce 
complications in our clinic, the PMBV procedure is performed 
under transesophageal echocardiography (TEE) and general 
anesthesia. The aim of this study was to evaluate the PMBV 
procedures applied in our clinic between 2008 and 2017 and 
to compare the results with the literature.

MaterIals and Methods

Patients who underwent PMBV were retrospectively identified. 
The PMBV procedure indication was determined according to 
the guidelines[4] and heart team (cardiologists, cardiac surgeons, 
and anesthetists) consensus. The demographic characteristics, 
before-after procedural echocardiography results, and rates of 
complications of the patients were retrospectively evaluated. 
Transthoracic echocardiography (TTE) was evaluated before 
the PBMV procedure in all patients. The echocardiographic 
parameters used were mitral valve area (echocardiographic 
mitral valve area was calculated using pressure half-time and 
the planimetric method, with the smallest value of these two 
accepted), transmitral gradients, Wilkins’ Score, left atrial 
appendage, and mitral insufficiency severity. Patients with a 
Wilkins Score ≥11, >2° mitral insufficiency and thrombus in the 
left atrium, were excluded from the study. The echocardiographic 
and clinical evaluations were performed at 24 h and at the end 
of the postprocedural 1st month. A total of 131 patients were 
identified who underwent PMBV in the cardiology clinic of our 
hospital between 2007 and 2017. All procedures were applied 
after obtaining the patient’s written and verbal consent. All 
PBMV procedures were performed under intraprocedural TEE 
guidance in addition to fluoroscopy with general anesthesia. 
Intraprocedural TEE was used as ultrasonographic guidance 
during the transseptal puncture (TSP)  procedure by visualization 
of the tenting of the interatrial septum before pushing the needle 
for TSP [Figure 1]. All TSP procedures were performed with 
a Mullin sheath and Brockenbrough needle. After a successful 
TSP procedure, PMBV was performed with an Inoue balloon. 
The appropriate opening of the Inoue balloon can be monitored 
under TEE and if necessary, under fluoroscopy [Figure 2].

Intraprocedural TEE was also used to confirm the balloon 
position across from the mitral valve leaflets and to avoid 
damaging the subvalvular apparatus and for the early 
determination of postprocedural complications.

After the procedure, mitral regurgitation, valvular area, and 
transmitral gradient can be measured easily with TEE, so that 
mitral balloon valvuloplasty can be performed repeatedly 
during the same session if the result of the operation is 
suboptimal or insufficient [Figure 3].

TTE was performed at 24 h after the procedure before patients 
were discharged.

The postprocedural echocardiographic measurements in this 
study were accepted as the echocardiographic evaluation based 
on the 1-month findings.

Approval for this study was granted by the non-Interventional 
Clinical Research Ethics Committee of our hospital (decision 
no: 72, dated: 06.02.19).

Statistical analysis
Data obtained in the study were analyzed statistically using 
SPSS version 17 software (SPSS Inc., Chicago, IL, USA). 
Categorical variables were stated as a number of patients 
and percentage and continuous variables as mean ± standard 
deviation values. Conformity of the data to normal distribution 

Figure 1: With the guidance of transesophageal echocardiography(TEE), 
transseptal puncture can be performed with confidence  of  detection of 
septal tenting on different degrees’ view of TEE (a‑b)
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Figure 2:  The appropriate opening of the Inoue balloon can be monitored 
under transesophageal echocardiography (a) and if necessary, under 
fluoroscopy (b)
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Figure 3: After the procedure, the mitral regurgitation (a‑b), valvular area, 
and transmitral gradient (c) can be measured easily with transesophageal 
echocardiography, and if necessary procedure can repeat in same session

c
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was assessed with visual (histogram and probability graphs) and 
analytical methods (Kolmogorov–Smirnov/Shapiro–Wilk test). 
Comparisons of categorical variables between groups were 
evaluated with the Chi-square test. Pre- and post-procedure 
values were compared using the paired-samples t-test. A value 
of P < 0.05 was accepted as statistically significant.

results

The patients comprised 110 (83%) females and 21 (17%) 
males, with a mean age of 41.2 ± 10.1 years. Two patients 
were pregnant. The mean ejection fraction was 60.3% 
± 3.1%, mean left atrium diameter was 46.7 ± 5.3 mm. 
The mean Wilkins score was 8.7 ± 1 [Table 1]. The mitral 
valve area was measured as 1.12 ± 0.19 cm2, before the 
procedure and 1.9 ± 0.26 cm2 after the procedure (P < 
0.001) [Graph 1a and Table 2]. The mitral peak gradient 
was measured as 22.3 ± 6.5 mmHg before the procedure and 
11.6 ± 3.3 mmHg after the procedure (P < 0.001) [Graph 1b 
and Table 2]. The mean gradient was measured as 
12.1 ± 4.2 mmHg before the procedure and 4.9 ± 1.6 mmHg 
after the procedure (P < 0.001) [Graph 2a and Table 2]. Mean 
systolic pulmonary arterial pressure was 42.4 ± 15.2 mmHg 
before the procedure and 26.9 ± 8.1 mmHg after the 
procedure (P < 0.001) [Graph 2b and Table 2]. Severe 
mitral insufficiency was seen in 6 patients (4.5%), three of 
which were due to chordae rupture and underwent urgent 
surgical mitral valve replacement (SMVR), and the other 
three were due to partial chordae rupture and were followed 
up medically. During the medical follow-up, one of these 
cases underwent elective SMVR. Cardiac tamponade 
was seen in one patient (1%) [Table 3] and was treated 
with percutaneous pericardiocentesis, and the patient was 
discharged from the hospital after PBMV. Moderate mitral 
insufficiency was seen in 7 patients (5.3%). The procedure 
was unsuccessful in 2 (1.5%) patients with mitral valve area 
remaining <1.5 cm2 after PMBV [Table 3] and those patients 
who underwent elective SMVR. No mortality occurred in 
any patient.

dIscussIon

Until the first description of PMBV by Inoue et al.[2] in 1984, 
the preferred treatment option for patients with severe MS was 
surgical mitral commissurotomy. After the Inoue technique 
was introduced, PBMV became an appropriate procedure 
for patients with MVA <1.5 cm², moderate-severe MS with 
symptoms NYHA class ≥2, and for those with moderate-severe 
MS with new-onset atrial fibrillation and significant pulmonary 
hypertension (resting >50 mmHg, with exercise >60 mmHg).[4] 
In 1990, the Wilkin score was described as a prediction of 
the success of PBMV in rheumatic mitral valve stenosis. The 
Wilkin score four components (1-leaflet mobility; 2-leaflet 
thickness; 3-subvalvular thickening; and 4-leaflet calcification) 
are individually scored from 1 to 4 points.[5] If the score is ≤8, 
then a favorable outcome is mostly predicted with PBMV. If 
the score is >8, with moderate-severe mitral insufficiency in the 

presence of an atrial thrombus, then SMVR is recommended.

Kronzon et al.[6] reported the safety of TEE-guided PBMV, 
and Goldstein et al.[7] used intraprocedural TEE for the PBMV 
procedure in 93 patients. Vilacosta et al.,[8] Ramondo et al.,[9] and 
Park et al.[10] also reported shorter fluoroscopy time and procedure 
time with the use of intraprocedural TEE. As the current study 
was a retrospective cohort, fluoroscopy and procedure time could 
not be evaluated. However, as general anesthesia was used in the 
current study cases, procedure time was no shorter than that of 
the PMBV cases with fluoroscopy guidance only.

The National Heart, Lung, and Blood Institute classified 
complications related to mitral balloon valvuloplasty as 
important and unimportant. Important complications of the 
procedure are death, shock, the development of severe mitral 
insufficiency, systemic embolism, cardiac tamponade, urgent 
surgery requirement, and acute myocardium infarction. 
Unimportant complications include vasovagal reaction, 
arrhythmia requiring treatment, and iatrogenic atrium septum 
defect. The prevalence of all of these complications has been 
reported to be approximately 12%.[11] The total complication 
rate of the current study was 5.3%, which is lower than the 
above-reported values.

PMBV-related mortality has been shown to be 0%–3% in most 
studies, with causes of death reported as cardiac tamponade 

Table 1: General characteristics and basal 
echocardiographic findings of patients
Age (years) 41.2±10.1
Gender, n (%)

Female 110 (83)
Ejection fraction (%) 60.3±3.1
Left atrium (mm) 46.7±5.3
Wilkins score 8.7±1

Table 2: Echocardiographic changes before and after the 
procedure

Before 
procedure

After 
procedure 

P

MVA (cm2) 1.12±0.19 1.9±0.26 <0.001
Peak gradient (mmHg) 22.3±6.5 11.6±3.3 <0.001
Mean gradient (mmHg) 12.1±4.2 4.9±1.6 <0.001
SPAP (mmHg) 42.4±15.2 26.9±8.1 <0.001
MVA: Mitral valve area, SPAP: Systolic pulmonary arterial pressure

Table 3: Important and unimportant complications of the 
procedure
Total complications, n (%) 7 (5.3)

Severe mitral insufficiency, n (%) 6 (4.5)
Cardiac tamponade, n (%) 1 (1)

Moderate mitral insufficiency, n (%) 7 (5.3)
Failed procedure, n (%) 2 (1.5)



Graph 2: (a) Mean transmitral gradient (MGR) distribution as mmHg, and (b) systolic pulmonary arterial pressure (sPAP) distribution as mmHg before 
and after the percutaneous mitral balloon valvuloplasty procedure
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and the development of severe mitral insufficiency.[12] In the 
current study, no mortality occurred in any patient.

Hemopericardium, seen at the rate of 1%–3%, is one of the 
most important causes of death and is often associated with 
TSP or myocardial injury.[12] In the current study, cardiac 
tamponade occurred in 1 patient (1%) and was treated with 
percutaneous pericardiocentesis.

Severe mitral regurgitation has been reported in 1.4%–9.4% 
of patients with PMBV,[13] and 1.3%–3.2% of severe mitral 
insufficiency require urgent SMVR.[14] In the current study, 
severe mitral insufficiency was seen in 4.5% of patients. 
Half of these cases (n:3) were due to chordae rupture and 
underwent urgent SMVR, while the other three were due to 
partial chordae rupture and they were followed up medically. 
During the medical follow-up, one of these patients underwent 
elective SMVR. Therefore, when compared with the findings 
in literature, the TEE and fluoroscopy co-guided PMBV 
procedures of the current study had low hemodynamically 
significant severe mitral insufficiency rates.

During TSP, TEE can visualize the position of the Mullins sheath 
and the Brockenbrough needle on the interatrial septum, and 
this makes the procedure safer. In the current study, with good 
procedural success rates, the mitral valve area increases, mitral 
peak gradient, mean gradient, and systolic pulmonary arterial 
pressure decreases were statistically significant with a value 
of P < 0.001. Moreover, complication rates were lower (total 
complication rate of 5.3%) and there was no mortality.

conclusIon

As our knowledge this study is one of the few studies from 
the worldwide and the first study from the Turkey, which have 
researched the safety and efficacy of PBMV with TEE and 
fluoroscopy co-guidance. Fluoroscopy and TEE-guided PMBV 
are safer with lower complication rates. However, this was a 
retrospective study, with some limitations regarding missing 
data such as fluoroscopy time.
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