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ABSTRACT

Background: The aim of our study was to compare the 
outcome of patients who underwent mitral valve anterior 
leaflet repair with and without chordal replacement for 
degenerative mitral valve insufficiency.

Methods: This study was conducted at our center 
between May 2006 and May 2013. The study included 
125 patients with degenerative mitral valve insufficiency 
(64 males, 61 females; mean age 47 years, age range 16-78 
years) who underwent mitral valve repair with anterior leaf-
let procedures. The patients were divided into 2 groups. 
Group A consisted of 56 patients with chordal replace-
ment, and group B consisted of 69 patients with other repair  
techniques performed.

Results: No significant difference was determined 
between the 2 groups in mortality, recurrence, and reopera-
tion rates. The mortality rate was 3.6% in group A and 1.4% 
in group B. During the follow-up period, 3 patients were 
reoperated on (mitral valve replacement) because of severe 
mitral valve insufficiency. Two of these patients were from 
group A (3.6%), and the other was from group B (1.4%). 
One patient in group A underwent intraoperative mitral 
valve replacement after unsuccessful chordal replacement. 
Fifty patients (89.3%) in group A and 65 patients (94.2%) 
in group B exhibited no or mild recurrence of mitral  
valve insufficiency.

Conclusion: Mitral valve repair in patients with degen-
erative mitral valve insufficiency resulting from anterior leaf-
let pathology is a safe procedure because of its durability and 
good long-term results. Despite the difficulty of the chordal 
replacement procedure, it may be used as an alternative 
technique for anterior mitral valve leaflet repair.

INTRODUCTION

Mitral valve repair has many advantages over replace-
ment in patients with mitral valve insufficiency [Sand 1987]. 
The most important of these advantages is reduced need for 
anticoagulation and thereby minimal risk of hemorrhage and 
thrombosis, lower risk of infective endocarditis, and preserva-
tion of left ventricular function [Goldsmith 2001].

The anterior mitral leaflet plays an important role in coap-
tation during mitral valve closure. Mitral valve insufficiencies 
associated with large mitral valve prolapse, annulus dilatation, 
and leaflet calcification are complex pathologies that require 
experience and are unforgiving [David 2005]. These complex 
mitral valve pathologies should be repaired in centers with 
high success and low mortality rates [Gammie 2009].

In recent years, improvements in suture materials and the 
accumulation of surgical experience have enabled the suc-
cessful implementation of anterior mitral leaflet repair with 
chordal replacement [Kuntze 2008]. With favorable out-
comes achieved in patients with chordal replacement, it is 
now considered a viable alternative to other repair techniques 
[David 2013].

In this study, we aimed to evaluate the reliability of ante-
rior mitral leaflet repair with and without chordal replace-
ment in patients with degenerative mitral valve insufficiency 
by analyzing postoperative rates of complications, mortality, 
reoperation, and recurrence of mitral valve insufficiency.

MATERIALS AND METHODS

The study included 125 patients (64 males, 61 females; 
mean age 47 years, range 16-78 years) who underwent mitral 
valve repair with anterior leaflet procedures because of degen-
erative mitral valve insufficiency. All surgeries were performed 
between May 2006 and May 2013 by the single surgical team 
in the Turkiye Yüksek Ihtisas Hospital in Ankara, Turkey. 
Patients who underwent emergency surgery, reoperation, and 
surgery due to ischemic mitral insufficiency, congenital mitral 
insufficiency, and mitral insufficiency associated with infective 
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endocarditis were excluded from the study. The patients were 
divided into 2 groups: group A consisted of 56 patients (45%) 
who underwent anterior chordal replacement, whereas group 
B consisted of 69 patients (55%) who did not have chordal 
replacement but underwent other repair techniques such 
as chordal shortening, secondary chordal transfer, chordal 
transfer from the posterior leaflet, cleft repair, and triangular 
resection. The mean follow-up period was 24.4 ± 16.8 months 
(range 1-58 months). The study was approved by the hospital 
ethics committee.

The patients’ demographic, preoperative, and postopera-
tive data were collected from the hospital database. Echocar-
diography was performed using a Vivid 7 Dimension device 
(GE Medical Systems, Horten, Norway). Severity of mitral 
valve insufficiency was classified on the basis of echocardio-
graphic-findings criteria from 0-4 (0, none; 1, mild; 2, mod-
erate; 3, moderate to severe; 4, severe insufficiency) [Zoghbi 
2003]. Volume of mitral regurgitation, effective regurgitation 
orifice area, and vena contracta were recorded during echo-
cardiographic examination (Table 1).

Surgical Technical
All operations were carried out under general anesthesia 

with intraoperative transesophageal echocardiography (TEE). 
All patients were operated on through a median sternotomy, 
on cardiopulmonary bypass with moderate hypothermia. 
Antegrade and retrograde cold blood cardioplegia was used 
for diastolic arrest. Mitral valve interventions were performed 
either through a left atriotomy or via a transseptal approach.

During chordal replacement, neochordae lengths were 
determined using a length of non-elongated chord, adjacent 
chord, or secondary chord. Neochordae were made from 4-0 
and 5-0 expanded polytetrafluoroethylene (ePTFE) suture 
(Gore-Tex; W. L. Gore & Associates, Flagstaff, AZ, USA). 
Chordal shortening was done by separating the elongated 
chord, joining it to an adjacent secondary chord, and folding 
the joined chord into the leaflet. Native chordal transfer was 
done in selected patients whose secondary chordae were suit-
able for transfer to primary position.

Chordal transfer from posterior leaflet to anterior leaf-
let was performed in patients whose posterior leaflet chorda 
location on their papillary muscle was suitable for transfer to 
the anterior leaflet. In patients who underwent ring annu-
loplasty, Carpentier-Edwards Physio and Physio II Annulo-
plasty Rings (Edwards Lifesciences, Irvine, CA, USA) were 
used as semiflexible rings, and St. Jude Medical Rigid Saddle 
Ring (St. Jude Medical, St Paul, MN) was used as a rigid ring.

Left atrial appendage internal ligation was applied in all 
patients, and atrial reduction was performed in patients with 
left atrial diameter over 5.0 cm. The area between the left 
and right pulmonary vein and the posterior wall of the left 
atrium was sutured vertically. Ring annuloplasty was done in 
all patients with tricuspid annulus greater than 40 mm. Con-
comitant coronary artery bypass grafting was performed in 
patients who had critical coronary lesions.

Intraoperative TEE was performed in all patients after 
discontinuing cardiopulmonary bypass. If a patient still had 
moderate or severe mitral insufficiency after reconstruction 
according to intraoperative TEE, it was decided to do re-
exploration of the mitral valve.

Follow-up
For all patients, postoperative control TTE was per-

formed by the same cardiologist and evaluated by the same 
surgeon before discharge from hospital. Echocardiographic 
findings recorded during the follow-up period were included 
in our study. End points of the study were reoperation due 
to severe mitral valve insufficiency or mortality at any time 
during the follow-up period. Deaths occurring within the 
first 30 postoperative days were accepted as early mortality, 
whereas deaths occurring more than 30 days postoperatively 
were considered late mortality.

Statistical Analysis
Statistical analysis was performed using the SPSS (version 

16.0; SPSS Inc., Chicago, IL, USA) package program. Con-
tinuous variables were expressed as mean ± standard devia-
tion. Categorical variables were given as percentages. Statisti-
cal differences between the patients in the study groups were 
investigated using the t test and the Mann-Whitney U test for 
continuous variables. Categorical data were evaluated with 
the chi-square test. P values less than .05 were considered sta-
tistically significant.

RESULTS

Our study consisted of patients who underwent mitral valve 
repair with anterior mitral leaflet procedures because of degen-
erative mitral valve insufficiency. Group A consisted of 56 
patients (45%) who underwent chordal replacement and group 
B consisted of 69 patients (55%) whose anterior leaflet repair 
was done using techniques other than chordal replacement. 
The mean follow-up period was 24.4 ± 16.8 months (range, 

Table 1. Echocardiographic Grading of Mitral Valve Insufficiency

Mitral Insufficiency Grade Mitral Regurgitation Volume (mL/Stroke) Effective Regurgitation Area (cm²) Vena Contracta Width (cm) Regurgitation Jet Area (cm²)

None 0 0 0 0

Mild <30 <0.20 <0.30 <4

Moderate 30-59 0.20-0.39 0.30-0.69 4-10

Severe >60 >0.40 >0.7 >10
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2-58) months. The patients’ demographic data are summarized 
in Table 2. Follow-up was significantly longer in group B than 
in group A (P = .007). There were no statistically significant 
differences between the groups in terms of age, gender, func-
tional lung capacity, hypertension, chronic obstructive lung 
disease, cerebral vascular events, smoking, or chronic kidney 
failure. The prevalence of preoperative atrial fibrillation (AF) 
was significantly higher in group A (P = .001). There was no sta-
tistically significant difference between the groups in terms of 
preoperative echocardiography findings, especially mitral valve 
insufficiency and ejection fractions (EF).

Operative data pertaining to the 2 groups are shown 
in Table 3. No statistically significant difference was 
found between the 2 groups in terms of cross-clamping 
time and cardiopulmonary bypass time (P = .162 and P = 
.245, respectively).

In group B, chordal shortening was performed in 24 
patients, secondary chordal transfer in 19 patients, posterior 
chordal transfer in 5 patients, cleft repair in 24 patients, and 
triangular resection in 5 patients. A total of 77 repair tech-
niques were utilized in the 69 patients in group B.

Patients with other pathologies in addition to mitral valve 
insufficiency were also included. In these patients, tricuspid 

valve annuloplasty was conducted significantly more often in 
group A patients (P = .004) (Table 3).

Postoperative data are shown in Table 4. There were no 
statistically significant differences between the groups in 
terms of inotropic requirement (5 μg/kg per minute or more 
dopamine or dobutamine infusion within the first 24 hours 
postoperatively) or intra-aortic balloon pump therapy (P = 
.795 and P = .366, respectively). There was no significant dif-
ference between the groups in terms of arrhythmias (P = .298), 
although 8 patients developed bradycardia because of heart 
block and required temporary pacing. Permanent pacemakers 
were not implanted in any of the patients before discharge.

There were no statistically significant differences between 
the 2 groups in terms of extubation time, intensive care unit 
stay, or hospital stay (P = .343, .266, and .812, respectively). 
Drainage volumes in the 2 groups were similar (P = .834).

Three patients underwent revision because of bleeding 
in the postoperative follow-up period (1 patient in group A). 
There was no statistically significant difference between the 
groups in terms of bleeding (P = .485).

There were also no significant differences between the 
2 groups in terms of renal damage (1-mg/dL increase in 
creatine), pulmonary complications (pneumonia, acute 

Table 2. Demographic Data of the Study Population*

Total (n = 125) Group A (n = 56) Group B (n = 69) P

Follow-up period (months) 24.4 ± 16.8 19.4 ± 14.0 28.2 ± 17.9 .007

Age (years) 47.0 ± 17.6 48.9 ± 17.8 45.4 ± 17.5 .273

Sex, male 64 (51.2%) 30 (53.6%) 34 (49.3%) .633

NYHA classification 2.1 ± 0.4 2.1 ± 0.4 2.1 ± 0.5 .779

BMI (kg/m²) 24.9 ± 13.3 25.6 ± 4.2 24.3 ± 3.7 .072

HT 26 (20.8%) 13 (23.2%) 13 (18.8%) .549

DM 9 (7.2%) 6 (10.7%) 3 (4.3%) .171

Smoking 16 (12.8%) 6 (10.7%) 10 (14.5%) .529

COPD 23 (18.4%) 13 (23.2%) 10 (14.5%) .211

CVD 1 (0.8%) 0 (0%) 1 (1.4%) .366

Myocardial infarction 1 (0.8%) 0 (0%) 1 (1.4%) .366

CRF 2 (1.6%) 0 (0%) 2 (2.9%) .199

AF 22 (17.6%) 17 (30.4%) 5 (7.2%) .001

MI (grade) 3.5 ± 0.53 3.5 ± 0.57 3.5 ± 0.51 .573

EF (%) 58.7 ± 7.5 58.5 ± 7.1 58.8 ± 7.8 .836

LVEDD (cm) 5.5 ± 0.64 5.6 ± 0.64 5.4 ± 0.63 .196

LVESD (cm) 3.9 ± 0.6 3.97 ± 0.58 3.82 ± 0.63 .165

PAP (mmHg) 43.4 ± 7.8 43.3 ± 8.8 43.5 ± 6.9 .923

LA (cm) 4.6 ± 0.55 4.68 ± 0.62 4.5 ± 0.48 .145

*Group A: patients with chordal replacement in anterior leaflet; group B: patients without chordal replacement in anterior leaflet. Data (except P values) given 
as mean ± standard deviation or n (%). AF, atrial fibrillation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; 
CVD, cerebrovascular disease; DM, diabetes mellitus; EF, ejection fraction; HT, hypertension; LVEDD, left ventricular end-diastolic diameter; LA, left atrial diam-
eter; LVESD, Left ventricular end-systolic diameter; MI, mitral insufficiency; NYHA, New York Heart Association; PAP, pulmonary artery pressure.
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respiratory distress syndrome, pulmonary embolism), surgical 
site infections, or neurological changes (P = .265, .286, .826, 
and 1.0, respectively) (Table 4).

Patients who had recurrent mitral valve insufficiency 
during follow-up were compared in terms of reoperation and 
mortality (Table 5). Three patients (2.4%) died in total, 1 in 
the early postoperative period and 2 in the late postoperative 
period. Early and late mortality rates were not statistically dif-
ferent when compared between the groups (P = .265 and .882, 
respectively). The patient with early mortality was in group A 
and died on postoperative day 5 because of respiratory failure 
resulting in aspiration pneumonia. Of the 2 patients with late 
mortality, 1 was in group A, and the cause of death was pul-
monary thromboembolism on postoperative day 60, whereas 
the other patient was in group B and was lost 180 days after 
surgery because of cardiac failure.

There was no significant difference between the 2 groups 
in the distribution of patients with recurrent mitral valve 

insufficiency (P = .265). Of the 56 patients in group A, 49 
(87.5%) showed no recurrence, 1 (1.8%) had mild mitral valve 
insufficiency, and 3 (5.4%) patients had moderate mitral valve 
insufficiency. Of the 69 patients in group B, 62 (89.9%) had no 
recurrence, 3 (4.3%) had mild mitral valve insufficiency, and 1 
(1.4%) had moderate mitral valve insufficiency (Table 5).

Mitral valve replacement (MVR) was performed in 4 
(3.2%) of 5 patients (4%) with severe mitral regurgitation. 
In 1 (0.8%) of these patients, severe mitral valve insufficiency 
was detected intraoperatively, and the valve tissue was deemed 
too fragile to repair; therefore, MVR was preferred. Of the 3 
patients who underwent late MVR, 2 (2.4%) were in group 
A, and the other was in group B. The fifth patient who devel-
oped severe mitral valve insufficiency died because of heart 
failure on postoperative day 180.

Comparisons of the preoperative and postoperative 
rhythms, functional capacities, and echocardiographic data of 
the patients revealed significant differences in both groups in 
all echocardiographic parameters except EF (Table 6).

DISCUSSION

The benefits of mitral valve repair over MVR in patients 
with mitral valve insufficiency are well established and include 
lower morbidity and mortality rates, better preservation of 
left ventricle function, and less risk of thromboembolic events 
and endocarditis [Jokinen 2007].

Although surgeons obtain good results with all etiolo-
gies of mitral valve insufficiency, success rates are highest in 

Table 3. Operative Data of the Study Population*

Group A  
(n = 56)

Group B  
(n = 69) P

Cross-clamping time 102.7 ± 21.9 96.8 ± 29.1 .162

CPB time 121.9 ± 18.6 126.6 ± 24.9 .245

Transseptal approach 9 (16%) 7 (10.1%) .324

Annuloplasty procedure

Semiflexible ring 32 (57.1%) 46 (66.7%) .272

Rigid ring 23 (41.1%) 18 (26.1%) .075

Teflon strip 1 (1.8%) 5 (7.2%) .223

Average ring size 29.4 ± 2.1 29.3 ± 1.86 .778

Additional procedures

Coronary artery bypass grafting 4 (7%) 9 (13%) .392

Aortic valve surgery 7 (12.5%) 12 (17.4%) .786

Tricuspid ring annuloplasty 33 (58.9%) 23 (33%) .004

Atrial septal defect 6 (10.7%) 13 (18.8%) .208

Left atrial volume reduction 19 (19%) 17 (24.2%) .234

Anterior leaflet repair techniques

Chordal replacement 56 — —

Chordal shortening — 24 —

Secondary chordal transfer — 19 —

Chordal transfer from posterior 
leaflet

— 5 —

Cleft repair — 24 —

Triangular resection — 5 —

*Group A: patients with chordal replacement in anterior leaflet; group B: 
patients without chordal replacement in anterior leaflet. Data (except P 
values) given as mean ± standard deviation or n (%). CPB, cardiopulmonary 
bypass.

Table 4. Postoperative Data and Complications of the Study 
Population*

Group A  
(n = 56)

Group B  
(n = 69) P

Inotrope requirement 7 (12.5%) 10 (14.5%) .795

IABP 0 (0%) 1 (1.4%) .366

Arrhythmia 5 (8.9%) 3 (4.3%) .298

Extubation time (hours) 10.8 ± 3.2 10.3 ± 3.3 .343

ICU stay (days) 1.3 ± 0.5 1.2 ± 0.4 .266

Hospital stay (days) 5.96 ± 1.23 5.91 ± 1.04 .812

Drainage (mL) 360 ± 390 350 ± 350 .834

Revision due to bleeding 1 (1.8%) 2 (2.8%) .485

Acute kidney failure 1 (1.8%) 0 (0%) .265

Wound infection 2 (3.6%) 3 (4.3%) .726

Pulmonary complications 2 (3.6%) 3 (4.39%) .826

Neurologic complications 0 (0%) 0 (0%) 1.000

*Group A: patients with chordal replacement in anterior leaflet; group B: 
patients without chordal replacement in anterior leaflet. Data (except P val-
ues) given as mean ± standard deviation or n (%).IABP, intra-aortic balloon 
pump; ICU, intensive care unit.
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repairs of degenerative mitral valve disease [DiBardino 2010]. 
A study comparing 36 years of repair outcomes from patients 
with degenerative mitral valve disease and patients with rheu-
matic and functional mitral valve diseases revealed that the 
30-year survival rate was 52% in degenerative disease, 39% in 
rheumatic disease, and 0% in functional mitral insufficiency. 
This emphasizes that mitral valve repair can be performed 
safely in cases with degenerative etiology.

Posterior prolapse is most common in degenerative 
mitral valve insufficiency, though the incidence of anterior 
and bileaflet involvement is also considerable [Braunberger 
2001]. Mitral valve anterior leaflet repair surgery is rather 
complicated and more complex than posterior leaflet repair  
[Gillinov 2008]. This is because the anterior leaflet plays a 
major role in the main closure mechanism of the mitral valve 
and coaptation [Mohty 2001]. A complicating factor in ante-
rior mitral leaflet repair is the inability to make resections as 
large as those made in the posterior leaflet, and this limita-
tion has been the main impetus for the emergence of dif-
ferent repair techniques [Okada 2012]. As a result of these 
techniques, a growing number of studies report favorable 
outcomes in anterior leaflet repair, comparable to those of 
posterior leaflet repair [Castillo 2014].

There have been many studies comparing anterior mitral 
valve repair techniques [Smedira 1996]. With Robert Frater’s 
introduction of Gore-Tex ePTFE suture material for chordal 
replacement, the chordal replacement technique has become 
a viable alternative to other repair techniques [Frater 1990; 
Gan 2008]. The main problems during the chordal replace-
ment technique include Gore-Tex suture’s lack of flexibil-
ity and difficulty in adjusting the lengths of the neochordae 
[David 1998; Calafiore 2006]. In a study by Philips et al com-
paring mitral valve anterior chordal replacement with chordal 
shortening techniques, chordal shortening was reported to be 

risky for reoperations, and it was emphasized that chordal 
replacement was a safe option in these cases [Phillips 2000].

In our study, patients with degenerative mitral valve insuf-
ficiency were treated using anterior leaflet repair procedures. 
In the mean follow-up period of 24 months, the number of 
patients with no or mild mitral valve insufficiency was 115 
of 125 (92.0%). This rate did differ significantly between 
patients with chordal replacement and those repaired using 
other techniques (89.3% and 94.2%, respectively).

One patient treated with chordal replacement was returned 
to MVR intraoperatively after detection of mitral regurgita-
tion, and another 3 patients underwent MVR during follow-
up because of severe mitral valve insufficiency. Reoperation 
was not required in 121 of 125 (96.8%) of our patients. There 
are many risk factors associated with reoperation. One of 
the largest patient series reported on this topic revealed that 
numerous factors related to the mitral valve repair techniques 
and the mitral valve itself are associated with reoperation 
[Dumont 2007]. Repair-related causes included detachment 
of sutures, systemic anterior motion, hemolysis, and failed 
surgery. Valve-related factors included progression of pri-
mary valvular disease and infective endocarditis. In the pres-
ent study, recurrent severe mitral insufficiency developed in 
1 patient in the chordal replacement group because of suture 
detachment and in 3 other patients because of infection. 
Those patients underwent secondary MVR.

Previous studies have reported varying mortality rates for 
mitral valve repair. Gillinov’s anterior leaflet approach yielded 
a 10-year survival rate of 83% [Gillinov 2008]. Castillo and 
Adams reported 1-year and 7-year survival rates of 98% and 
88%, respectively, with an early mortality rate of 1% [Castillo 
2014]. Morumoto et al reported 10-year and 15-year survival 
rates of 95% and 88%, respectively [Morimoto 2008]. In our 
study, the mortality rate for all anterior leaflet approaches was 

Table 5. Postoperative Mortality, Recurrence of Mitral Valve Insufficiency, and Conversion to Early and Late MVR: Results of the 
Study Population*

Total (n = 125) Group A (n = 56) Group B (n = 69) P

Mortality

Intraoperative mortality 0 (0%) 0 (0%) 0 (0%) 1

Early mortality 1 (0.8%) 1 (1.8%) 0 (0%) .265

Late mortality 2 (1.6%) 1 (1.8%) 1 (1.4%) .882

Recurrent MI

None 111 (88.8%) 49 (87.5%) 62 (89.9%) .265

Mild 4 (3.2%) 1 (1.8%) 3 (4.3%)

Moderate 4 (3.2%) 3 (5.4%) 1 (1.4%)

Severe 5 (4%) 3 (5.4%) 2 (2.9%)

Intraoperative MVR 1 (0.8%) 1 (1.8%) 0 (0%) .265

Late MVR 3 (2.4%) 2 (3.6%) 1 (1.4%) .441

*Group A: patients with chordal replacement in anterior leaflet; group B: patients without chordal replacement in anterior leaflet. Data (except P values) given 
as n (%). MI, mitral insufficiency, MVR, mitral valve replacement.
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2.4%. Two of these patients were in the chordal replacement 
group, and 1 death occurred in the early postoperative period. 
There was no difference between early and late mortality 
rates between the 2 groups.

Limitations
The patient population included in this study was small 

and heterogeneous, and the follow-up period was relatively 
short. In addition, there was a statistically significant differ-
ence between the 2 study groups in terms of follow-up time 
because the chordal replacement technique was introduced 
into our clinical practice later than the other techniques. The 
accumulation of cases will enable the formation of more spe-
cific patient groups (anterior, posterior, bileaflet) for future 
analyses. This will allow the inclusion of other etiologies of 
mitral valve disease other than degenerative in our later stud-
ies. On the other hand, outcomes after complex procedures 
such as chordal replacement are very difficult to generalize 
because of surgical and institutional-technical differences.

Mitral valve anterior leaflet repair techniques are difficult; 
therefore, the choice of repair technique for specific pathol-
ogy is crucial. The durability of the mitral valve after repair 
can be enhanced by preserving leaflet surface area, ensuring 
a large coaptation area, and properly adjusting the posterior 
leaflet height. Moreover, improvement in suture materials, 
the use of annuloplasty rings, and increased surgical experi-
ence lead to better outcomes of anterior mitral leaflet repair.
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PAP (mmHg) 43.3 ± 8.7 34.4 ± 7.1 .001 43.5 ± 6.9 31.2 ± 4.3 .001
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LA (cm) 4.6 ± 0.6 4.4 ± 0.6 .008 4.5 ± 0.4 4.0 ± 0.5 .001

*Group A: patients with chordal replacement in anterior leaflet; group B: patients without chordal replacement in anterior leaflet. Data (except P values) given 
as mean ± standard deviation or n (%). AF, atrial fibrillation; EF, ejection fraction; LA, left atrial diameter; LVEDD, left ventricular end-diastolic diameter; LVESD, 
left ventricular end-systolic diameter; MI, mitral insufficiency; NYHA, New York Heart Association; PAP, pulmonary artery pressure.
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