
  

ONLINE FIRST

This is a provisional PDF only. Copyedited and fully formatted version will be made available soon.

ISSN: 1897-5593

e-ISSN: 1898-018X

Left atrial size predicts long-term outcome after balloon mitral
valvuloplasty

Authors:  Michal Canetti, Rafael Kuperstein, Ido Cohen, Shir Raibman-Spector,
Elad Maor, Ilan Hai, Israel M. Barbash, Ehud Regev, Adi Butnaru, Amit Segev,
Victor Guetta, Paul Fefer

DOI: 10.5603/CJ.a2022.0092

Article type: Original Article

Submitted: 2022-04-18

Accepted: 2022-07-14

Published online: 2022-10-04

This article has been peer reviewed and published immediately upon acceptance.
It is an open access article, which means that it can be downloaded, printed, and distributed freely,

provided the work is properly cited.
Articles in "Cardiology Journal" are listed in PubMed. 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Left atrial size predicts long-term outcome after balloon mitral valvuloplasty  

Michal Canetti et al., Left atrial size predicts balloon mitral valvuloplasty  

 

 

Michal Canetti1, Rafael Kuperstein1, Ido Cohen1, Shir Raibman-Spector2, Elad Maor1, Ilan Hai1, 

Israel M. Barbash1, Ehud Regev1, Adi Butnaru1, Amit Segev1, Victor Guetta1, Paul Fefer1 

 
1Leviev Cardiovascular Institute, Sheba Medical Center, Sackler Faculty of Medicine, Tel Aviv 

University, Ramat Gan, Israel 
2Department of Internal Medicine H, Sheba Medical Center, Sackler Faculty of Medicine, Tel 

Aviv University, Ramat Gan, Israel 

 

 

Address for correspondence: Paul Fefer, MD, Leviev Heart Center, Sheba Medical Center, Tel 

Hashomer 5265601, Israel, tel: (+972) 3-5305273, fax: (+972) 3-5305789, e-mail: 

paulfefer@sheba.health.gov.il 

 

 

Abstract  

Background: The treatment of choice for severe rheumatic mitral stenosis is balloon mitral 

valvuloplasty (BMV). Numerous predictors of immediate and long-term procedural success have 

been described. The aims of this study were to describe our experience with BMV over the last 

decade and to evaluate predictors of long-term event-free survival.   

Methods: Medical records were retrospectively analyzed of patients who underwent BMV 

between 2009 and 2021. The primary outcome was a composite endpoint of all-cause mortality, 

mitral valve replacement (MVR), and repeat BMV. Long-term event-free survival was estimated 

using the Kaplan-Meier curves. Logistic regression was used to create a multivariate model to 

assess pre-procedural predictors of the primary outcome.  

Results: A total of 96 patients underwent BMV during the study period. The primary outcome 

occurred in 36 patients during 12-year follow-up: 1 (1%) patient underwent re-BMV, 28 (29%) 

had MVR, and 8 (8%) died. Overall event-free survival was 62% at 12 years. On multivariate 
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analysis, pre-procedural left atrial volume index (LAVI) > 80 mL/m2 had a significant 

independent influence on event-free survival, as did previous mitral valve procedure and systolic 

pulmonary arterial pressure above 50 mmHg.  

Conclusion: Despite being a relatively low-volume center, excellent short and long-term results 

were demonstrated, with event-free survival rates consistent with previous studies from high-

volume centers. LAVI independently predicted long-term event-free survival.   

Key words: mitral valve, mitral stenosis, balloon mitral valvuloplasty, left atrial size, event-

free survival 

 

 

Introduction  

Mitral stenosis (MS) is a common manifestation of rheumatic heart disease. While rare in 

developed countries, it is still prevalent in developing countries and in areas with migrant 

populations [1].  

Since the introduction of the Inoue balloon four decades ago [2], balloon mitral 

valvuloplasty (BMV) has become the preferred treatment option for suitable patients. Indeed, the 

current American Heart Association and American College of Cardiology (AHA/ACC) 

guidelines advocate BMV for patients with symptomatic MS with a mitral valve area (MVA) ≤ 

1.5 cm2 who have favorable anatomical and clinical characteristics, and no procedural contra-

indications (level of recommendation IA) [3]. 

Since proper patient selection is paramount to ensure short- and long-term success after 

BMV, much research has attempted to identify predictors of success. The Wilkins score 

describes anatomical characteristics of the mitral valve (MV) and sub-valvular apparatus which 

were predictive of acute procedural success [4–13]. The quality of the procedural result has been 

widely described as a major predictor of long-term event-free survival [5, 8]. A myriad of other 

factors has been reported as independently influencing either immediate or long-term results 

including among others: age; sex; atrial fibrillation; New York Heart Association (NYHA) class; 

previous surgical commissurotomy; valve calcification; concomitant mitral regurgitation (MR); 

MV gradient; and pulmonary arterial pressure [6–9, 12–25].  

The aims of this study were to describe a single-center experience with BMV over the 

last decade, and to evaluate pre-procedural predictors of long-term event-free survival.   



 

 

Methods 

Patient population and data collection 

clinical records of 96 patients who underwent BMV due to MS at the Sheba Medical 

Center Invasive Cardiology Unit between May 2009 to January 2021 were investigated. The 

research protocol was approved by our Institutional Review Board.  

Baseline characteristics including age, gender, relevant medical history, NYHA 

functional class before and after the procedure, laboratory tests, echocardiographic 

measurements before and after the procedure, and invasive measurements were abstracted 

retrospectively from the electronic patient records. The information was documented in an 

electronic report form. A letter of consent was sent to patients with missing data and and were 

later called to collect the missing information.   

 

Echocardiographic examination 

Transthoracic echocardiography (TTE) was performed within 3 months prior to BMV. 

Transvalvular gradients were assessed using Doppler flow velocity analysis after optimization of 

gain settings and beam orientation. Maximal and mean gradients were obtained. Valve area was 

evaluated by planimetry, pressure half time, and by the continuity equation according to the 

current American Society of Echocardiography (ASE) guidelines [26]. Wilkins score was 

calculated by grading its components (grade 1–4); leaflet mobility, leaflet thickening, leaflet 

calcification, and sub-vavlvular thickening. Presence of commissural calcification was noted as 

well [4]. Each patient was assigned to one of three groups according to Cormier score [27]. 

Transesophageal echocardiography (TEE) was performed routinely before anesthesia. The 

diagnosis of significant MS was confirmed, and the presence of intra-cardiac thrombus was ruled 

out. All procedures were guided by continuous TEE imaging. 

Left atrial volume index (LAVI) was calculated as left atrial volume (performed post-hoc 

by 2 experienced experts)/body surface area (BSA) [28].  

 

Hemodynamic assessment and BMV technique 



All patients underwent invasive hemodynamic assessment prior to induction of 

anesthesia. Pressures were recorded in the right atrium, right ventricle, pulmonary artery, and 

pulmonary capillary wedge using a 7 F Swan-Ganz flotation catheter. Simultaneous pressures in 

the pulmonary capillary wedge and left ventricle (LV) were recorded to assess the trans-mitral 

gradient. Cardiac output was calculated using measured Fick (O2 consumption was measured 

with a Cosmed Fitmate PRO, Rome, Italy). Valve area was assessed using the Gorlin equation 

[28]. After a decision was made to proceed with BMV, patients underwent anesthesia induction 

and endotracheal intubation. If no contra-indication was noted, trans-septal puncture was 

performed using a standard technique under TEE guidance and BMV was performed using the 

Inoue balloon technique [2]. Post-valvuloplasty measurements were repeated after BMV. 

 

Statistical analysis 

Variables were described according to their properties. Categorical variables are reported 

in frequencies and percentages, and significance was assessed using the Chi-square test or the 

Fischer exact test. Continuous variables were reported as mean and standard deviation values, 

and significance was assessed using either independent sample or paired t-test. Data was 

stratified to primary outcome — all-cause mortality, mitral valve replacement (MVR), and 

second BMV. Long-term primary outcome event-free survival was estimated using the Kaplan-

Meier curves, adjusted for age, Wilkins score, and LAVI, analyzed at 5 and 10 years for the 

primary outcome. Selected statistically significant variables from the univariate analysis and 

other clinically influential variables were included in the logistic regression to create a 

multivariate model demonstrating pre-procedural predictors for the primary outcome.  

All statistical tests were 2-sided, and a p-value of less than 0.05 was considered 

significant. 

 

Results  

The study included 96 patients who underwent BMV due to severe MS at a single center 

from 2009 to 2021. Mean follow-up was 4.2 years and total follow-up of 402 patient-years. 

Mean follow-up for patients with an event was 2.76 ± 2.68 years and for patients without events 

5.07 ± 2.79 years (p < 0.01). 



Primary endpoint events, defined as death, re-BMV, or MVR, occurred in 36 patients. 

Sixty patients remained event-free at the end of follow-up. The baseline clinical characteristics, 

stratified according to whether a primary endpoint was recorded during follow-up, are shown in 

Table 1. Mean age was 52 ± 16 years. Patients with an event were older than event-free patients 

(58 ± 15 vs. 48 ± 15, p = 0.003). Most patients were women (81%). Among common 

comorbidities, hypertension (p = 0.022) and atrial fibrillation (p = 0.029) were significantly more 

common in the event group. Previous MV procedure had been performed in 19% of the patients 

and was numerically more prevalent in the group with subsequent events. Most patients suffered 

from NYHA class II–III heart failure.  

The pre-procedure echocardiographic characteristics stratified according to primary 

outcome are shown in Table 2. Greater LA area, LA diameter, LAVI, LV mass, peak mitral 

gradient, and systolic pulmonary artery pressure (SPAP) measurements were demonstrated in the 

group with primary outcome event (p = 0.037, p = 0.028, p = 0.055, p = 0.023, p = 0.042, p = 

0.011, respectively). Non-invasive assessment of valve area was performed by pressure half time 

or continuity, and in some cases by planimetry as well. No difference in non-invasively assessed 

valve area was noted between patients with and without an event. Similar findings were found on 

invasive assessment of valve area using the Gorlin formula [28].  

The pre-procedure hemodynamic measurements stratified according to primary outcome 

are shown in Table 3. No significant differences were noted between groups. 

Comparison of pre- and post-valvuloplasty hemodynamic measurements for the entire 

cohort are shown in Table 4. Following intervention, the trans-mitral gradient dropped from 

11.86 ± 5.25 mmHg to 4.69 ± 2.12 mmHg (p < 0.001) and the MVA increased significantly from 

1.21 ± 0.5 cm2 to 2.58 ± 1.5 cm2 (p < 0.001).   

As shown in Table 5, the Wilkins score was > 8 in 28% of the cohort. However, Wilkins 

score > 8 was present in 50% of patients with the primary endpoint, and in only 15% of patients 

without an event (p < 0.001). Leaflet mobility and leaflet calcification scores were significantly 

greater in the event-positive group (p = 0.02, p = 0.002, respectively), as was the Cormier score 

(p = 0.001). 

Post-procedural increase in MR to moderate or above was recorded in 13 (14%) patients. 

Of these, a total of 7 underwent MVR, 5 during the first year after BMV.     



During long-term follow-up, 1 (1%) patient underwent re-BMV, 28 (29.2%) underwent 

MVR, and 8 (8.3%) died (1 patient underwent surgery and died during long-term follow-up). 

The primary outcome was noted in 31% at 5 years, and in 36% at 10 years. Overall event-free 

survival was 62% at 12-years.   

Survival-free analysis at 5 and 10 years stratified according to age, Wilkins score, and 

LAVI are shown in Figure 1. Patients who were aged 60 years or more at the time of BMV had 

higher prevalence of the primary outcome. At 5 years, event-free survival was 75% in younger 

patients, in contrast to 50% in the older group (p = 0.038). At 10 years, corresponding 

frequencies were 60% for younger patients and 40% for the above 60 group (p = 0.101). When 

patients were stratified according to Wilkins score ≤ 8 and > 8, differences were even more 

remarkable with 5-year event-free survival of 75% for Wilkins score ≤ 8, and only 35% for 

Wilkins score > 8 (p = 0.006), corresponding frequencies at 10 years were 60% and 28% 

respectively (p = 0.006). In patients with LAVI > 80 mL/m2, 5-year event-free survival was only 

45% as compared to 75% for patients with LAVI ≤ 80 mL/m2 (p = 0.006), corresponding 

frequencies at 10 years were 35% and 55% respectively (p = 0.014).  

Using multivariate analysis, the following variables were independently associated with 

the primary endpoint: previous MV procedure (valvuloplasty or commissurotomy); pre-

procedure LAVI > 80 mL/m2; and SPAP > 50 mmHg. The model is shown in Table 6.  

 

Discussion 

In this paper long-term outcomes are described of a single-center cohort of patients with 

MS undergoing BMV. Over the past half-century, mitral stenosis has become a rare entity in the 

developed world and few centers have sufficient experience in the performance of BMV, the 

treatment of choice for suitable patients. We performed 96 BMV procedures over a 12-year 

period, an average of 8 procedures per year. Despite being a relatively low-volume center, 

excellent short and long-term results were demonstrated, which compares well with those 

reported from high-volume centers in the past [5, 14, 15, 29].  

The primary outcomes were death, repeat BMV, or MVR. Patients were stratified 

according to occurrence of the primary outcome. Those with the primary outcome were 10 years 

older than the event-free group, were more likely to suffer from hypertension and atrial 

fibrillation, and were numerically twice as likely to have had a previous MV intervention (BMV 



or surgical commissurotomy). They had significantly greater LA size, SPAP, LV mass, and peak 

but not mean mitral gradient. They had significantly more leaflet calcification and less leaflet 

mobility resulting in significantly higher Wilkins and Cormier scores. Despite this, acute 

hemodynamic improvement as assessed by reduction in gradient, calculated valve area, and 

pulmonary capillary wedge pressure was equivalent between the groups. 

Long-term event-free survival in the present cohort was 69% at 5 years and 64% at 10 

years. Previous studies have assessed various composite endpoints at different time points. While 

direct comparison between studies is difficult due to different patient populations, use of 

different end-point definitions and different duration of follow-up, outcomes in the current study 

seem comparable to these series. A similar primary endpoint was utilized in several studies. 

These demonstrate event-free survival ranging from 51% at 5 years [16] to 83.3% at 12 years 

[17], and even 81% at 24 year follow-up [6]. Other studies included post-procedure NYHA class 

in the primary outcome and demonstrated event-free survival ranging from 52% after 7.5 years 

[18] to 60% at 15 years [19].  

To elucidate the significance of pre-procedural parameters on long-term outcome, 

multivariate analysis was performed using a number of regression models. It was found that the 

following parameters were independently associated with the occurrence of the primary 

endpoint: LAVI using a cut-off value of 80 mL/m2; SPAP with a cut-off of 50 mmHg; and 

previous MV procedure. Several studies have demonstrated different factors associated with 

immediate procedural and long-term results. Vahanian et al. [7] described MV structure and 

calcification, and balloon size as independent predictors of immediate procedural results. An 

additional study from this group identified MV anatomy, pre-procedure MVA, and previous MV 

commissurotomy as relevant factors [8]. Cohen et al. [16] depicted Wilkins score ≤ 8 as an 

independent predictor for long-term event-free survival, along with pre-procedure lower LV end-

diastolic pressure and NYHA class. In the current analysis, Wilkins score > 8 was associated 

with worse long-term outcomes on univariate analysis but was not an independent predictor of 

the primary outcome on multivariate analysis. Similar to our findings, higher SPAP on pre-

procedural echocardiography has previously been described as an independent predictor for the 

same primary outcome as the present study [17]. Pre-procedural left atrial size has been 

associated with acute procedural success [9, 21], however, according to available research, it has 

not previously been identified as a predictor of long-term outcome, as shown in this cohort.  



The present study demonstrates that relatively low-volume centers can obtain good 

results after BMV. This is important given the relative scarcity of this disease nowadays. 

Procedural success was obtained by careful patient selection based on pre-procedural clinical and 

echocardiographic assessment, maintaining two dedicated operators who were present in all 

procedures, and using a TEE guided approach using sequential inflations with increasing balloon 

volume and assessment of valve gradient and regurgitation after each inflation.  

 

Conclusions 

Described herein, a simple measure reported routinely on echocardiography, namely 

LAVI, adds to an ability to predict long-term outcomes in patients undergoing BMV.   

 

Conflict of interest: None declared 

 

References 

1. Coffey S, Roberts-Thomson R, Brown A, et al. Global epidemiology of valvular heart 
disease. Nat Rev Cardiol. 2021; 18(12): 853–864, doi: 10.1038/s41569-021-00570-z, 
indexed in Pubmed: 34172950. 

2. Inoue K, Owaki T, Nakamura T, et al. Clinical application of transvenous mitral 
commissurotomy by a new balloon catheter. J Thorac Cardiovasc Surg. 1984; 87(3): 
394–402, indexed in Pubmed: 6700245. 

3. Otto CM, Nishimura RA, Bonow RO, et al. 2020 ACC/AHA guideline for the 
management of patients with valvular heart disease: a report of the American College of 
Cardiology/American Heart Association Joint Committee on Clinical Practice 
Guidelines. J Am Coll Cardiol. 2021; 77(4): e25–e197, doi: 10.1016/j.jacc.2020.11.018, 
indexed in Pubmed: 33342586. 

4. Wilkins GT, Weyman AE, Abascal VM, et al. Percutaneous balloon dilatation of the 
mitral valve: an analysis of echocardiographic variables related to outcome and the 
mechanism of dilatation. Br Heart J. 1988; 60(4): 299–308, doi: 10.1136/hrt.60.4.299, 
indexed in Pubmed: 3190958. 

5. Hernandez R, Bañuelos C, Alfonso F, et al. Long-term clinical and echocardiographic 
follow-up after percutaneous mitral valvuloplasty with the Inoue balloon. Circulation. 
1999; 99(12): 1580–1586, doi: 10.1161/01.cir.99.12.1580, indexed in Pubmed: 
10096934. 

6. Prota-Filho LE, Meneguz-Moreno RA, Queiroz CCV, et al. Novel prognostic score for 
immediate and late success after percutaneous mitral balloon commissurotomy in patients 
with mitral stenosis. J Invasive Cardiol. 2020; 32(6): 211–217, indexed in Pubmed: 
32269178. 

http://dx.doi.org/10.1038/s41569-021-00570-z
https://www.ncbi.nlm.nih.gov/pubmed/34172950
https://www.ncbi.nlm.nih.gov/pubmed/6700245
http://dx.doi.org/10.1016/j.jacc.2020.11.018
https://www.ncbi.nlm.nih.gov/pubmed/33342586
http://dx.doi.org/10.1136/hrt.60.4.299
https://www.ncbi.nlm.nih.gov/pubmed/3190958
http://dx.doi.org/10.1161/01.cir.99.12.1580
https://www.ncbi.nlm.nih.gov/pubmed/10096934
https://www.ncbi.nlm.nih.gov/pubmed/32269178


7. Vahanian A, Michel PL, Cormier B, et al. Results of percutaneous mitral 
commissurotomy in 200 patients. Am J Cardiol. 1989; 63(12): 847–852, doi: 
10.1016/0002-9149(89)90055-6, indexed in Pubmed: 2929442. 

8. Vahanian A, Michel PL, Cormier B, et al. Immediate and mid-term results of 
percutaneous mitral commissurotomy. Eur Heart J. 1991; 12 Suppl B: 84–89, doi: 
10.1093/eurheartj/12.suppl_b.84, indexed in Pubmed: 1936033. 

9. Meneguz-Moreno RA, Costa JR, Gomes NL, et al. Very long term follow-up after 
percutaneous balloon mitral valvuloplasty. JACC Cardiovasc Interv. 2018; 11(19): 1945–
1952, doi: 10.1016/j.jcin.2018.05.039, indexed in Pubmed: 30077684. 

10. Hung JS, Chern MS, Wu JJ, et al. Short- and long-term results of catheter balloon 
percutaneous transvenous mitral commissurotomy. Am J Cardiol. 1991; 67(9): 854–862, 
doi: 10.1016/0002-9149(91)90619-v. 

11. Palacios IF, Block PC, Wilkins GT, et al. Follow-up of patients undergoing percutaneous 
mitral balloon valvotomy. Analysis of factors determining restenosis. Circulation. 1989; 
79(3): 573–579, doi: 10.1161/01.cir.79.3.573, indexed in Pubmed: 2917388. 

12. Iung B, Cormier B, Ducimetière P, et al. Immediate results of percutaneous mitral 
commissurotomy. A predictive model on a series of 1514 patients. Circulation. 1996; 
94(9): 2124–2130, doi: 10.1161/01.cir.94.9.2124, indexed in Pubmed: 8901662. 

13. Cruz-Gonzalez I, Sanchez-Ledesma M, Sanchez PL, et al. Predicting success and long-
term outcomes of percutaneous mitral valvuloplasty: a multifactorial score. Am J Med. 
2009; 122(6): 581.e11–581.e19, doi: 10.1016/j.amjmed.2008.10.038, indexed in Pubmed: 
19486721. 

14. Iung B, Garbarz E, Michaud P, et al. Late results of percutaneous mitral commissurotomy 
in a series of 1024 patients. Analysis of late clinical deterioration: frequency, anatomic 
findings, and predictive factors. Circulation. 1999; 99(25): 3272–3278, doi: 
10.1161/01.cir.99.25.3272, indexed in Pubmed: 10385502. 

15. Tomai F, Gaspardone A, Versaci F, et al. Twenty year follow-up after successful 
percutaneous balloon mitral valvuloplasty in a large contemporary series of patients with 
mitral stenosis. Int J Cardiol. 2014; 177(3): 881–885, doi: 10.1016/j.ijcard.2014.10.040, 
indexed in Pubmed: 25453406. 

16. Cohen DJ, Kuntz RE, Gordon SP, et al. Predictors of long-term outcome after 
percutaneous balloon mitral valvuloplasty. N Engl J Med. 1992; 327(19): 1329–1335, 
doi: 10.1056/NEJM199211053271901, indexed in Pubmed: 1406834. 

17. Dadjo Y, Moshkani Farahani M, Nowshad R, et al. Mid-term (up to 12 years) clinical and 
echocardiographic outcomes of percutaneous transvenous mitral commissurotomy in 
patients with rheumatic mitral stenosis. BMC Cardiovasc Disord. 2021; 21(1): 355, doi: 
10.1186/s12872-021-02175-3, indexed in Pubmed: 34320949. 

18. Meneveau N, Schiele F, Seronde MF, et al. Predictors of event-free survival after 
percutaneous mitral commissurotomy. Heart. 1998; 80(4): 359–364, doi: 
10.1136/hrt.80.4.359, indexed in Pubmed: 9875112. 

19. Fawzy ME. Long-term results up to 19 years of mitral balloon valvuloplasty. Asian 
Cardiovasc Thorac Ann. 2009; 17(6): 627–633, doi: 10.1177/0218492309349258, 
indexed in Pubmed: 20026541. 

20. Bouleti C, Iung B, Laouénan C, et al. Late results of percutaneous mitral 
commissurotomy up to 20 years: development and validation of a risk score predicting 

http://dx.doi.org/10.1016/0002-9149(89)90055-6
https://www.ncbi.nlm.nih.gov/pubmed/2929442
http://dx.doi.org/10.1093/eurheartj/12.suppl_b.84
https://www.ncbi.nlm.nih.gov/pubmed/1936033
http://dx.doi.org/10.1016/j.jcin.2018.05.039
https://www.ncbi.nlm.nih.gov/pubmed/30077684
http://dx.doi.org/10.1016/0002-9149(91)90619-v
http://dx.doi.org/10.1161/01.cir.79.3.573
https://www.ncbi.nlm.nih.gov/pubmed/2917388
http://dx.doi.org/10.1161/01.cir.94.9.2124
https://www.ncbi.nlm.nih.gov/pubmed/8901662
http://dx.doi.org/10.1016/j.amjmed.2008.10.038
https://www.ncbi.nlm.nih.gov/pubmed/19486721
http://dx.doi.org/10.1161/01.cir.99.25.3272
https://www.ncbi.nlm.nih.gov/pubmed/10385502
http://dx.doi.org/10.1016/j.ijcard.2014.10.040
https://www.ncbi.nlm.nih.gov/pubmed/25453406
http://dx.doi.org/10.1056/NEJM199211053271901
https://www.ncbi.nlm.nih.gov/pubmed/1406834
http://dx.doi.org/10.1186/s12872-021-02175-3
https://www.ncbi.nlm.nih.gov/pubmed/34320949
http://dx.doi.org/10.1136/hrt.80.4.359
https://www.ncbi.nlm.nih.gov/pubmed/9875112
http://dx.doi.org/10.1177/0218492309349258
https://www.ncbi.nlm.nih.gov/pubmed/20026541


late functional results from a series of 912 patients. Circulation. 2012; 125(17): 2119–
2127, doi: 10.1161/CIRCULATIONAHA.111.055905, indexed in Pubmed: 22456478. 

21. Song JK, Song JM, Kang DH, et al. Restenosis and adverse clinical events after 
successful percutaneous mitral valvuloplasty: immediate post-procedural mitral valve 
area as an important prognosticator. Eur Heart J. 2009; 30(10): 1254–1262, doi: 
10.1093/eurheartj/ehp096, indexed in Pubmed: 19346230. 

22. Jorge E, Pan M, Baptista R, et al. Predictors of very late events after percutaneous mitral 
valvuloplasty in patients with mitral stenosis. Am J Cardiol. 2016; 117(12): 1978–1984, 
doi: 10.1016/j.amjcard.2016.03.051, indexed in Pubmed: 27131615. 

23. Bouleti C, Iung B, Himbert D, et al. Reinterventions after percutaneous mitral 
commissurotomy during long-term follow-up, up to 20 years: the role of repeat 
percutaneous mitral commissurotomy. Eur Heart J. 2013; 34(25): 1923–1930, doi: 
10.1093/eurheartj/eht097, indexed in Pubmed: 23514935. 

24. Kim D, Chung H, Nam JHo, et al. Predictors of long-term outcomes of percutaneous 
mitral valvuloplasty in patients with rheumatic mitral stenosis. Yonsei Med J. 2018; 
59(2): 273–278, doi: 10.3349/ymj.2018.59.2.273, indexed in Pubmed: 29436196. 

25. Orrange SE, Kawanishi DT, Lopez BM, et al. Actuarial outcome after catheter balloon 
commissurotomy in patients with mitral stenosis. Circulation. 1997; 95(2): 382–389, doi: 
10.1161/01.cir.95.2.382, indexed in Pubmed: 9008453. 

26. Zamorano JL, Badano LP, Bruce C, et al. EAE/ASE recommendations for the use of 
echocardiography in new transcatheter interventions for valvular heart disease. Eur Heart 
J. 2011; 32(17): 2189–2214, doi: 10.1093/eurheartj/ehr259, indexed in Pubmed: 
21885465. 

27. Garbarz E, Iung B, Cormier B, et al. Echocardiographic criteria in selection of patients 
for percutaneous mitral commissurotomy. Echocardiography. 1999; 16(7, Pt 1): 711–721, 
doi: 10.1111/j.1540-8175.1999.tb00128.x, indexed in Pubmed: 11175213. 

28. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber 
quantification by echocardiography in adults: an update from the American Society of 
Echocardiography and the European Association of Cardiovascular Imaging. J Am Soc 
Echocardiogr. 2015; 28(1): 1–39.e14, doi: 10.1016/j.echo.2014.10.003, indexed in 
Pubmed: 25559473. 

29. Gorlin R, Gorlin SG. Hydraulic formula for calculation of the area of the stenotic mitral 
valve, other cardiac valves, and central circulatory shunts. I. Am Heart J. 1951; 41(1): 1–
29, doi: 10.1016/0002-8703(51)90002-6, indexed in Pubmed: 14799435. 

30. Dean LS, Mickel M, Bonan R, et al. Four-year follow-up of patients undergoing 
percutaneous balloon mitral commissurotomy. A report from the National Heart, Lung, 
and Blood Institute Balloon Valvuloplasty Registry. J Am Coll Cardiol. 1996; 28(6): 
1452–1457, doi: 10.1016/s0735-1097(96)00350-6, indexed in Pubmed: 8917257. 

 

 

 

 

  

http://dx.doi.org/10.1161/CIRCULATIONAHA.111.055905
https://www.ncbi.nlm.nih.gov/pubmed/22456478
http://dx.doi.org/10.1093/eurheartj/ehp096
https://www.ncbi.nlm.nih.gov/pubmed/19346230
http://dx.doi.org/10.1016/j.amjcard.2016.03.051
https://www.ncbi.nlm.nih.gov/pubmed/27131615
http://dx.doi.org/10.1093/eurheartj/eht097
https://www.ncbi.nlm.nih.gov/pubmed/23514935
http://dx.doi.org/10.3349/ymj.2018.59.2.273
https://www.ncbi.nlm.nih.gov/pubmed/29436196
http://dx.doi.org/10.1161/01.cir.95.2.382
https://www.ncbi.nlm.nih.gov/pubmed/9008453
http://dx.doi.org/10.1093/eurheartj/ehr259
https://www.ncbi.nlm.nih.gov/pubmed/21885465
http://dx.doi.org/10.1111/j.1540-8175.1999.tb00128.x
https://www.ncbi.nlm.nih.gov/pubmed/11175213
http://dx.doi.org/10.1016/j.echo.2014.10.003
https://www.ncbi.nlm.nih.gov/pubmed/25559473
http://dx.doi.org/10.1016/0002-8703(51)90002-6
https://www.ncbi.nlm.nih.gov/pubmed/14799435
http://dx.doi.org/10.1016/s0735-1097(96)00350-6
https://www.ncbi.nlm.nih.gov/pubmed/8917257


Table 1. Baseline clinical characteristics stratified by primary outcome. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

P-value Event-free (n 

= 60) 

Event-positive 

(n = 36) 

Total (n = 

96) 

 

0.003 48 ± 15 58 ± 15 52 ± 16 Age [years] 

0.5 50 (83%) 28 (78%) 78 (81%) 

 

Female  

0.029 22 (39%) 22 (63%) 44 (48%) Atrial fibrillation  

0.022 9 (16%) 13 (37%) 22 (24%) Hypertension 

0.242 5 (9%) 6 (17%) 11 (12%) Diabetes mellitus 

0.102 12 (21%) 13 (37%) 25 (27%) Dyslipidemia  

0.073 7 (12%) 10 (28%) 17 (19%) Previous MV procedure: 

 6 (11%) 5 (15%) 11 (12%) Valvuloplasty  

 1 (2%) 4 (12%) 5 (6%) Commissurotomy 

 0 1 (3%) 1 (1%) Both  

0.191 3 (6%) 0 3 (4%) Pregnancy during the procedure 

0.105 2 (5%) 4 (16%) 6 (9%) GFR < 60 

0.126 0.78 ± 0.29 1.03 ± 0.74 0.9 ± 0.5 Creatinine  

0.159 12.38 ± 1 11.84 ± 1.62 12.2 ± 1.3 Hemoglobin [mg/dL] 

0.373    NYHA class: 

 5 (8%) 0 5 (7%)           NYHA I 

 18 (30%) 12 (33%) 30 (42%)           NYHA II 

 21 (35%) 12 (33%) 33 (47%) 

 

          NYHA III 

 1 (2%) 2 (6%) 3 (4%)           NYHA IV 

  

Data is presented as mean ± standard deviation for continuous variables, and number (%) for categorial variables. 
GFR — glomerular filtration rate; MV — mitral valve; NYHA — New York Heart Association  
 

  



 

Table 2. Pre-procedural echocardiographic characteristics stratified by primary outcome. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

P-value Event-free (n 

= 60) 

Event-positive 

(n = 36) 

Total (n = 

96) 
 

0.579 59.7 ± 5.2 59 ± 2.7 59.5 ± 4.5 LV ejection fraction [%] 

0.055 64.6 ± 19.4 89.1 ± 67 73.2 ± 43.9 LA volume index [mL/m2] 

0.028 4.5 ± 0.7 5 ± 1.2 4.7 ± 1 LA diameter [cm] 

0.037 28.6 ± 5.9 34.3±13.3 30.8 ± 9.8 LA area [cm2] 

0.023 130.3 ± 30.7 148.5 ± 30 136.5 ± 31.5 LV mass [g] 

0.96 9.7 ± 4.3 9.7 ± 3.5 9.7 ± 4 Mean mitral gradient [mmHg] 

0.042 17.8 ± 7 20.9 ± 5.9 19 ± 6.78 Peak mitral gradient [mmHg] 

    Mitral valve area [cm2] 

0.213 1.41 ± 0.52 1.21 ± 0.37 1.32 ± 0.46 Planimetry (n = 35) 

0.5 1.21 ± 0.29 1.15 ± 0.34 1.19 ± 0.31 Pressure half time (n = 65)  

0.806 1.03 ± 0.41 1 ± 0.34 1.02 ± 0.38          Continuity (n = 34) 

0.917    Mitral regurgitation: 

 30 (50%) 18 (50%) 48 (50%)      Non  

 18 (30%) 12 (33%) 30 (31%)      Mild 

 8 (13%) 5 (14%) 13 (13.5%)      Mild-moderate 

 4 (7%) 1 (3%) 5 (5%)      Moderate  

    AV disease > mild: 

0.721 1 (2%) 1 (3%) 2 (2%)          Aortic stenosis 

0.434 8 (16%) 7 (23%) 15 (19%)          Aortic regurgitation  

0.229 13 (26%) 12 (39%) 25 (31%) Tricuspid regurgitation > mild 

0.011 45.8 ± 16.8 57.4 ± 18.1 50 ± 18 SPAP [mmHg] 

  
Data is presented as mean ± standard deviation for continuous variables, and number (%) for categorial variables.      
AV — aortic valve; LA — left atrium; LV — left ventricle; SPAP — systolic pulmonary artery pressure 



Table 3. Pre-procedural hemodynamic measurements stratified by primary outcome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

P-value Event-free (n = 

60) 

Event-positive 

(n = 36) 

Total (n = 96)  

0.113 4.9 ± 1.7 4.3 ± 1.4 4.66 ± 1.6 Cardiac output  

0.136 2.82 ± 1 2.5 ± 0.9 2.67 ± 0.97 Cardiac index  

0.955 76.79 ± 18.72 76.55 ± 19.62 76.7 ± 18.93 Aorta mean pressure  

0.736 104.69 ± 24.85 106.71 ± 28.58 105.45 ± 26.15 Aorta systolic pressure  

0.392 28.51 ± 11.14 30.61 ± 10.51 29.33 ± 10.88 Mean pulmonary artery pressure  

0.064 19.57 ± 6.49 22.42 ± 7.29 20.69 ± 6.92 Mean wedge pressure  

0.551 11.7 ± 5.13 12.39 ± 5.62 11.96 ± 5.29 Mean mitral valve gradient  

0.206 1.27 ± 0.5 1.14 ± 0.45 1.22 ± 0.48 Mitral valve area  

0.108 1.81 ± 1.32 2.53 ± 2.2 2.1 ± 1.73 Pulmonary vascular resistance  

  

Data is presented as mean ± standard deviation. 



Table 4. Hemodynamic measurements pre- and post-procedure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

P-value Post-procedure Pre-procedure  

0.004 5.33 ± 1.78 4.58 ± 1.5 Cardiac output  

0.003 3.06 ± 1.09 2.62 ± 0.86 Cardiac index  

0.299 65.76 ± 8.99 69.52 ± 17.15 Aorta mean pressure  

0.120 89.36 ± 14.09 94.96 ± 15.76 Aorta systolic pressure  

0.002 24 ± 10.37 27.91 ± 10.35 Mean pulmonary artery pressure  

< 0.001 14.39 ± 6.98 19.79 ± 5.8 Mean wedge pressure  

< 0.001 4.69 ± 2.12 11.86 ± 5.25 Mean mitral valve gradient  

< 0.001 2.58 ± 1.5 1.21 ± 0.5 Mitral valve area  

0.634 1.9 ± 1.35 2.02 ± 1.76 Pulmonary vascular resistance  

     
All data presented as mean ± standard deviation. 
 



Table 5. Pre-procedural Echocardiographic Scores Stratified by Primary Outcome. 

 

  P-value Event-free (n = 

52) 

Event-positive 

(n = 27) 

Total (n = 79)  

     
        

< 0.001 8 (15%) 14 (50%) 22 (28%) Wilkin’s score > 8  

0.02    Leaflet mobility: 

 29 (56%) 7 (26%) 36 (46%) 1  

 23 (44%) 14 (52%) 37 (47%) 2  

 0 5 (18%) 5 (6%) 3  

 0 1 (4%) 1 (1%) 4  

0.149    Leaflet thickening: 

 20 (39%) 8 (30%) 28 (36%) 1  

 31 (59%) 15 (55%) 46 (58%) 2  

 1 (2%) 3 (11%) 4 (5%) 3  

 0 1 (4%) 1 (1%) 4  

0.002    Leaflet calcification: 

 6 (12%) 5 (18%) 11 (14%) 1  

 36 (69%) 8 (30%) 44 (56%) 2  

 10 (19%) 11 (41%) 21 (26%) 3  

 0 3 (11%) 3 (4%) 4  

0.343    Sub-valvular thickening: 

 14 (27%) 4 (15%) 18 (23%) 1  

 29 (56%) 16 (59%) 45 (57%) 2  

 9 (17%) 6 (22%) 15 (19%) 3  

 0 1 (4%) 1 (1%) 4  

0.256    Commissural calcification: 

 42 (81%) 19 (70%) 61 (77%) Non  

 4 (8%) 3 (11%) 7 (9%) Antero-lateral 

 2 (3%) 0 2 (3%) Antero-medial 

 4 (8%) 5 (19%) 9 (11%) Postero-medial 

0.001    Cormier score: 

 27 (52%) 5 (18%) 32 (40%) Group 1 

 23 (44%) 16 (57%) 39 (49%) Group 2 

 2 (4%) 7 (25%) 9 (11%) Group 3 

     

  

Data is presented as number (%). 
 



Table 6. Multivariate analysis of pre-procedural factors predicting primary outcome. 

 

 

 

 

 

 

 

 

 

 

Figure 1. The Kaplan-Meier curves of event-free survival at 5 and 10 years; A. Stratified 

according to age (below and above 60 years old); B. Stratified according to the Wilkins score 

(below and above 8); C. Stratified according to left atrial volume index (below and above 80 

mL/m2). 

 

 

P-value Odds ratio (95% 

confidence interval) 

Variable 

0.99 1 (0.94–1.06) Age  

0.441 0.491 (0.08–3) Atrial fibrillation 

0.01 13.91 (1.866–103.63) Previous mitral valve intervention 

0.258 3.32 (0.42–26.45) Wilkins score > 8 

0.023 15.78 (1.47–169.16) Left atrial volume index > 80 mL/m2 

0.016 9.33 (1.53–56.92) Systolic pulmonary artery pressure > 50 mmHg 




