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Background. Primary pulmonary vein stenosis (PPVS)
still carries a poor prognosis, and prognostic factors
remain controversial. The aim of this study was to
determine outcomes and prognostic factors after PPVS
repair in the current era.

Methods. Thirty patients with PPVS and a normal
pulmonary vein (PV) connection operated on in 10
European/North American centers (2000-2012) were
included retrospectively. A specific PVS severity score
was developed based on the assessment of each PV.
Studied end points were death, PV reoperation, and
restenosis. A univariate and multivariate risk analysis
was performed.

Results. The mean number of affected PVs per patient
was 2.7 + 1.1. Sutureless repair was used in 21 patients
(70%), endovenectomy was used in 5 patients, and patch
venoplasty was used in 4 patients. Overall PV restenosis,

Accepted for publication March 2, 2017.

Presented at the Fifty-third Annual Meeting of the Society of Thoracic
Surgeons, Houston, TX, Jan 21-25, 2017.

Address correspondence to Dr Kalfa, Department of Pediatric Cardiac
Surgery, Morgan Stanley Children’s Hospital—New York Presbyterian,
Columbia University Medical Center, 3959 Broadway, New York,
NY 10032; email: dk2757@cumc.columbia.edu.

© 2017 by The Society of Thoracic Surgeons
Published by Elsevier Inc.

reoperation, and mortality occurred in 50%, 40%, and 30%
of patients respectively. Freedom from mortality, reop-
eration, and restenosis at 8 years of follow-up was 70% =+
8%, 62% * 8%, and 47% * 9%, respectively. Restenosis
and mortality rates after sutureless repair versus non-
sutureless repair were 57% (n = 12 of 21) versus 33%
(n = 3 0f9) (p = 0.42) for restenosis and 38% (n = 8 of 21)
versus 11% (n = 1 of 9) (p = 0.21) for mortality. Patients
selected for a sutureless technique were younger and
smaller and had more severe disease before operation. A
postoperative high PVS score and pulmonary hyperten-
sion 1 month after the operation were independent risk
factors for restenosis (hazard ratio [HR], 1.34; p = 0.002
and HR, 6.81; p = 0.02, respectively), reoperation (HR,
1.24; p = 0.01 and HR, 7.60; p = 0.02), and mortality (HR,
1.39; p = 0.01 and HR, 39.5; p = 0.008).

Conclusions. Primary PVS still has a guarded prog-
nosis in the current era despite adoption of the sutureless
technique. Postoperative pulmonary hypertension and
severity of disease evaluated by a new severity score are
independent prognostic factors regardless of surgical
technique.

(Ann Thorac Surg 2017;104:182-9)
© 2017 by The Society of Thoracic Surgeons
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Primary (or native or congenital) pulmonary vein ste-
nosis (PPVS) is a rare and fascinating, yet frustrating
and challenging, disease from a medical and surgical
standpoint. Reported recurrence, reoperation, and mor-
tality rates after treatment of PPVS remain high. Freedom
from reoperation or death at 3 to 5 years after operation
for PPVS hovers around 50% to 60% in studies focusing
on patients with PPVS [1-5] and in studies mixing pa-
tients with primary and acquired PVS [6-13]. The concept
of a sutureless technique for PVS repair, avoiding sutur-
ing of the veins themselves, was introduced almost
20 years ago [14-16]. The outcomes of this technique,
which were reported in limited series, are still unclear;
they were presented as real progress in some early
reports of mixed patients with primary and acquired PVS
[17, 18] and appeared disappointing in more recent
studies [1-4, 6, 9], especially in the series focusing on pa-
tients with PPVS. Similarly, independent risk factors for
poor outcomes also remain controversial in the absence of
large multicentric studies. Trying to better understand
both risk factors and optimal management is of major
importance to improve the management of this chal-
lenging disease. The aim of the current study was to
determine outcomes and patient-related, disease-related,
and procedure-related prognostic factors after PPVS
repair in the current era.

Patients and Methods

Pediatric and adult patients with PPVS and a normal
pulmonary vein (PV) connection who underwent at least
1 PV operation between January 1, 2000 and December
31, 2012 were included retrospectively. Ten European or
North American institutions were enrolled in this study.
We did not include (1) patients with acquired PVS
(including PVS after ablation procedures and PVS after
fibrosing mediastinitis), (2) patients with PVS and an
abnormal PV connection (total anomalous pulmonary
venous return), (3) and patients with PPVS who were not
treated or who were treated by a percutaneous proced-
ure or pneumonectomy as an initial procedure. Review
of medical records was approved by each hospital’s local
committee on clinical investigation. Individual patients
were not identified, and the need for patient consent was
waived. Data regarding patients and anatomical char-
acteristics, therapeutic procedures, and outcomes were
collected according to a common and uniform database
to ensure consistency in the data collection. Hospital
records were reviewed in each center, and follow-up
data were obtained by contacting the treating cardiolo-
gists. Studied end points were (1) PVS-related death, (2)
persistence or recurrence of moderate (echographic
mean gradient, 5-7 mm Hg) or severe (echographic
mean gradient >7 mm Hg) stenosis of at least 1 vein, and
(3) PV reintervention or PVS-related death. Severe pul-
monary hypertension was defined in this study as pul-
monary artery pressure greater than three-quarters
systemic pressure.
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Table 1. Specific Severity Score for Pulmonary Vein Stenosis

Each pulmonary vein is graded from 0-4

0 No stenosis

1 Mild stenosis—focal

1.5 Mild stenosis—diffuse

2 Moderate stenosis—focal
25 Moderate stenosis—diffuse
3 Severe stenosis—focal

3.5 Severe stenosis—diffuse

4 Atresia/occlusion

PVS severity score = sum of these scores + 2 if there is bilateral
disease (possible range, 0-18).

PVS = pulmonary vein stenosis.

Severity Score

A specific PVS severity score was developed based on the
assessment of each PV (Table 1). The assessment of each
vein was based on echocardiography before each pro-
cedure in all cases, strengthened by angiography,
computed tomography, and magnetic resonance imaging
in 75%, 25%, and 13% of cases, respectively. This score is
based on (1) the degree of the stenosis evaluated by the
echographic pressure gradient measure at the venoatrial
junction, (2) the focal/diffuse aspect of the stenosis eval-
uated by the combined imaging modalities mentioned
earlier, and (3) the unilateral/bilateral feature of the dis-
ease. The absence of stenosis was defined by the absence
of PV narrowing, biphasic blood flow, and a mean echo-
graphic gradient <2 mm Hg. Mild, moderate, and severe
stenosis was defined by a mean echographic gradient of
2 to 4 mm Hg, 5 to 7 mm Hg, and >7 mm Hg, respectively.
The stenosis was described as “focal” when it affected a
very short length of the PV and associated with upstream
dilatation of the PV. The stenosis was “diffuse” when it
affected a significant length of the PV with no upstream
dilatation of the PV. The PV was defined as atretic or
occluded when no flow was demonstrated through it. The
assignment of numbers for each PV (range, 0-4) into the
score (range, 0-18) is described in Table 1. All imaging
reports were completed by an experienced cardiologist
in each center independent of the outcome of the PV
procedure. PVS scores were then established by a single
observer, independent of the outcome of the PV
procedure.

Data Analysis

Data analysis was performed with IBM SPSS Statistics,
version 20 software (SPSS Inc, Chicago, IL). Data are
expressed as median with range or mean + standard
deviation. The comparison of percentages was achieved
with the %2 test or the Fisher exact test for qualitative
variables, and comparison of means and medians was
performed using the Student ¢ test or the Mann-Whitney
U test. Actuarial freedom curves from PVS-related mor-
tality, PV recurrence, and PV reoperation/PVS-related
mortality were analyzed according to Kaplan-Meier
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estimates, with 95% confidence intervals (CIs). Only the
initial surgical procedures were included in the analysis,
because the 4 reinterventions for PVS recurrence
included 2 pneumonectomies and 2 percutaneous
procedures.

A univariate analysis of time-related end points was
achieved with the log-rank test, and the univariate Cox
model was used for continuous variables. Multivariate
analysis was performed using multiple logistic regres-
sion. Variables that were found to be associated with the 3
studied end points, were marginally significant (p < 0.15)
in the univariate analysis, or had clinical relevance were
included into the logistic models. Calibration of the lo-
gistic model was assessed using the Hosmer-Lemeshow
goodness-of-fit test to evaluate the discrepancy between
observed and expected values. Hazard ratios (HRs) were
expressed with 95% Cls. All the tests were 2-sided.

Analysis of variance was used to compare PVS scores
before and after the repair. Predictive accuracy for the
obtained PVS score value was assessed by calculating the
area under the receiver operating characteristic curve,
and model calibrations and fit were assessed with

Table 2. Demographic and Anatomical Characteristics
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Hosmer-Lemeshow goodness-of-fit statistics. For all tests,
a p value less than 0.05 was considered significant.

Results

Patient Characteristics, PVS Anatomy, and Surgical
Procedures

Thirty patients with PPVS underwent 34 PV procedures.
The 30 initial procedures were sutureless in 21 patients
(70%) and nonsutureless in 9 patients (30%). De-
mographic and anatomical characteristics of the patients
are presented in Table 2. The mean preoperative severity
score was 8.8 + 4.1 (range, 1-16). A PVS score of greater
than 4 had the best predictive accuracy (area under the
curve, 0.65) for postoperative mortality. Patients who
were selected for a sutureless repair were significantly
younger (p = 0.001) and smaller (p = 0.02) than those who
had a nonsutureless repair (Table 2). They also tended to
have a lower birthweight (2.2 kg versus 2.8 kg; p = 0.05),
be more premature (24% versus 0%; p = 0.28), and have
more severe disease (preoperative severity score was >4
in 91% of patients selected for sutureless repair versus

Comparison of

All Primary PVS, Sutureless, Nonsutureless, Sutureless Versus
n (%) n (%) n (%) Nonsutureless,
Variable N =30 n=21 n=9 p Value
Male sex 6 (20%) 3 (14%) 3 (33%) 0.33
Age at procedure (mo) Median, 9.5 (1-308) Mean, 24 + 47 Mean, 87 + 115 0.001°
Mean:43 + 78
Weight at procedure (kg) Median, 6.8 (2-67) Mean, 9 + 9 Mean,19 + 21 0.02%
Mean, 12 + 14

Prematurity (<35 wk) 5 (17%) 5 (24%) 0 (0%) 0.28
Mean birthweight (kg) 24 +09 22 +09 28 £0.3 0.05
Genetic syndrome 8 (27%) 6 (29%) 2 (22%) 1
Associated lesions 19 (63%) 14 (67%) 5 (55%) 0.12

Atrial septal defect 4 1

Ventricular septal defect 5 1

Cor triatriatum 0 3

Atrioventricular septal defect 1 0

Scimitar syndrome 1 0

Other 3 0
Severe pulmonary hypertension 14 of 22 (63%) 12 of 17 (71%) 2 of 5 (40%) 0.31
Preoperative number of obstructed PVs

1 4 (13%) 1(5%) 3 (33%)

2 9 (30%) 8 (38%) 1 (11%) 0.59

3 7 (23%) 5 (24%) 2 (22%)

4 10 (33%) 7 (33%) 3 (33%)
Mean 27 +1.1 29 +1.1 25+1.2 0.33
Bilateral disease 17 (57%) 12 (57%) 5 (56%) 1
Diffuse stenosis (no upstream PV dilatation) 16 (53%) 13 (62%) 3 (33%) 0.23
Preoperative severity score

Score >4 25 (83%) 19 (91%) 6 (67%) 0.14

Mean (range) 8.8 + 4.1 (1-16) 9.3 + 4.1 (1-16) 7.4 + 4.1 (2-12) 0.75

Ap < 0.05.

PVs = pulmonary veins; PVS = pulmonary vein stenosis.
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67% in other patients; p = 0.14) (Table 2). Surgical pro-
cedures are presented in Table 3. Median follow-up was
37 months (range, 3-171 months).

Recurrence, Reoperation, and Mortality

A global overview of the outcomes is presented in
Figure 1 and Table 4. Overall PV-related mortality, PV
reoperation/mortality and PV restenosis occurred in 30%
(n =9 of 30), 40% (n = 12 of 30), and 50% (n = 15 of 30),
respectively. PV-related mortality, reoperation, and
restenosis rates after sutureless procedures compared
with nonsutureless procedures were 38% (n = 8 of 21)
versus 11% (n = 1 of 9) (p = 0.21) for mortality, 48% (n =
10 of 21) versus 22% (n = 2 of 9) (p = 0.24) for reoperation,
and 57% (n = 12 of 21) versus 33% (n = 3 of 9) (p = 0.42)
for restenosis. Kaplan-Meier actuarial curves for the 3 end
points are presented in Figures 2 and 3. Freedom from
mortality, reoperation, and restenosis at 8 years of follow-
up was 70% =+ 8%, 62% + 8%, and 47% £ 9%, respectively
(Fig 2). Restenosis occurred in the first postoperative year
in the vast majority of cases, with a median delay of
2.8 months (range, 1 month-4 years). Cumulative
reoperation-free survival at 4 years was higher in patients
with a preoperative PVS score <4 (100% vs 54% =+ 9%;
p = 0.05) and in patients with no persistence or recurrence
of pulmonary hypertension 1 month after operation (76%
+10% vs 14% =+ 13%; p = 0.001) (Figs 3A, 3C). Cumulative
reoperation-free survival was not significantly different
between sutureless and nonsutureless procedures
(Fig 3B).

Results of the univariate analysis are shown in Table 5.
Factors significantly associated with PV restenosis, reop-
eration, and mortality are bilateral disease, high post-
operative severity score at 1 month after operation,
and persistence or recurrence of severe pulmonary
hypertension at 1 month after operation (p < 0.05).

Table 3. Characteristics of the Initial Surgical Procedure
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A preoperative severity score greater than 4, preoperative
pulmonary hypertension, and a diffuse aspect of the PV
with no upstream vessel dilatation tended to be associ-
ated with poorer outcomes (p < 0.15). The type of pro-
cedure was not significantly associated with outcomes.
Multivariate analysis showed that a postoperative high
severity score at 1 month after operation and persistence
or recurrence of severe pulmonary hypertension at 1
month after operation were independent risk factors for
PV restenosis (HR, 1.34; 95% CI, 1.11-1.61; p = 0.002 and
HR, 6.81; 95% CI, 1.30-35.5; p = 0.02 respectively), PV
reoperation (HR, 1.24; 95% CI, 1.05-1.46; p = 0.01 and HR,
7.60; 95% CI, 1.41-40.97; p = 0.02), and PVS-related mor-
tality (HR, 1.39; 95% CI, 1.07-1.80; p = 0.01 and HR, 39.5;
95% CI, 2.6-607.8; p = 0.008.

Comment

To date and to our knowledge, this study is the largest
series focusing on this specific population of patients un-
dergoing a surgical procedure for primary PVS with a
normal PV connection. This study shows that PPVS still has
a poor prognosis in the current era. Restenosis, PV reop-
eration, and mortality remain high despite the introduction
of the sutureless technique 20 years ago [14-16]. We report
a new specific preoperative PVS severity score that might
be used to predict the outcomes of patients with PPVS and
a normal PV connection. The postoperative severity score
and the persistence or recurrence of severe pulmonary
hypertension at 1 month after operation were found to be
independent risk factors for poor outcomes.

Recurrence, Reoperation, and Mortality

Reported recurrence, reoperation, and mortality rates
after operation for PPVS remain high in the literature
focusing on PPVS. Toronto’s group reported a mortality

Comparison of

Sutureless
Initial Nonsutureless Versus
Initial Sutureless Procedures, n (%) Procedures, n (%) Nonsutureless
Variable n =21 n=9 Procedures, p Value
Type of operation Sutureless repair Nonsutureless repair
Incision type: 13 (62%) Excision of fibrotic tissue
(endovenectomy): 5 (55%)
Resection type: 7 (33%) PV plasty: 2 (22%)
Incision + resection: 2 (9%) Endovenectomy + PV plasty: 2 (22%)
Laterality of the procedure 0.45
Left side only 9 (43%) 3 (33%)
Right side only 4 (19%) 1(11%)
Both sides 8 (22%) 5 (55%)
Circulatory arrest 6 (27%) 3 (25%) 1

In the resection-type sutureless technique, the PV pathologic tissue was totally resected along with part of the left atrial wall. When an endovenectomy was
performed, stenosed veins were divided through the scarring and the fibrous tissue back to a larger-caliber vein proximal to the stenosis, and the surgeon
excised fibrous tissue in the area to further open the stenosis. PV plasty was performed in 4 patients using a patch of autologous pericardium (n = 2) or

appendage tissue (n = 2).

PV = pulmonary vein.
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Fig 1. Global overview of out-
comes of patients with native
pulmonary vein stenosis (PVS).

Ann Thorac Surg
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Primary PVS

n=30

Sutureless repair

N=21 (70%)

Score pre: 9.3 = post: 5.4

Non-sutureless repair
N=9 (30%)
Score pre: 7.4 = post: 2.4

[

PVS-related death
N=8/21 (38%)

N=13/21 (62%)

3 N

Alive PVS-related death Alive
N=1/9 (11%) N=8/9 (89%)

7 J

Reinterventions
N=2/13 (15%)

(including catheter
angioplasty: n=1)

rate of 47% (11 of 23) at a mean follow-up of 40.2 + 42.2
months [2], which was confirmed by more recent PPVS
studies [1, 3, 4]. Our multicentric series focusing on pa-
tients operated on in the current era (after 2000) confirms
such disappointing results, with actuarial freedom from
mortality, reoperation, and restenosis of 70% + 8%, 62%
+ 8%, and 47% =+ 9%, respectively, at 8 years of follow-up.
Restenosis occurred in the first postoperative year in the
vast majority of cases, with a median delay of 2.8 months.
This confirms the findings from Song and colleagues [1]

Table 4. Overall Outcomes

N=4/13 (31%)

Restenosis
N=2/8 (25%)

Restenosis

Reinterventions
N=1/8 (12%)

who showed that restenosis occurred frequently (80%)
and rapidly.

Influence of Patient-Related and Disease-Related Factors

Interestingly, patient-related factors—such as low weight
and young age at operation, prematurity, genetic anom-
alies (including heterotaxy syndrome), and single-
ventricle anatomy—do not seem to increase the risk of
poor outcomes in patients with PPVS, confirming the
results of previous series [1-5].

Comparison of

Primary PVS, Sutureless, Nonsutureless, Sutureless Versus
n (%) n (%) n (%) Nonsutureless
Outcome N =30 n=21 n=9 Procedure, p Value
Severity score at last follow-up 45+ 49 54+ 5.1 2.4 4+ 53.8 0.079
(0-15.5) (0-14) (0-15.5)
Percentage of score improvement Mean, 45% + 60%  Mean, -37% =+ 66%  Mean, —-62% =+ 41% 0.19

Range, -100%; +133% Range, —-100%; +125% Range, -100%; +133%

RV/LV pressure ratio >75% at last follow-up 7 (32%)
Recurrence/persistence of PVS 15 (50%)
PV reoperation or PVS-related mortality 12 (40%)
PVS-related Mortality 9 (30%)

6 (35%) 1 (20%) 1
12 (57%) 3 (33%) 0.42
10 (48%) 2 (22%) 0.24

8 (38%) 1 (11%) 0.21

LV = left ventricular; PVS = pulmonary vein stenosis;

RV = right ventricular.
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Fig 2. Kaplan-Meier actuarial curves for (A) PVS-related death; (B)
PV restenosis; and (C) PV reoperation. (PV = pulmonary vein;
PVS = pulmonary vein stenosis.)

Rather, the preoperative intrinsic severity of PPVS ap-
pears to be the most decisive factor determining final
outcomes, as shown in the recent literature [1-5] and in
our series. Indeed, many anatomical and hemodynamic
factors reflecting the severity of the disease at the time of
or 1 month after the procedure (bilateral disease, diffuse
stenosis with no upstream PV dilatation, preoperative
and postoperative severity score, and preoperative and
postoperative pulmonary hypertension) tended to be or
were significantly associated with a higher risk of death,
restenosis, or reoperation in the univariate analysis. The
postoperative severity score and pulmonary hypertension
at 1 month after operation were found to be independent
risk factors in the multivariate analysis. A greater number
of stenotic PVs has been shown to be associated with an
increased risk of death in many series, especially when
there is bilateral involvement [1, 3, 5]. Shi and associates
[4] demonstrated that PVs with moderate stenosis,
compared with those with mild stenosis, developed
restenosis, irrespective of the surgical strategy. The only

KALFA ET AL 187
PRIMARY PULMONARY VEIN STENOSIS

Freedom from
PV reoperation

1.0 =]
or PVS-related 100% 100% -

death o8

P=0.05 o.s 5459% 5419%

(A)

preop PVS scoresd
preop PVS>score>d

0 2 4 6 8 years

Freedom from

PV reoperation 1955 1

or PVS-related ]

death 0. 1 e I 75412% _
P=0.27 o.c

(B)

non sutureless repair
sutureless repair

0 2 4 6 3 years

Freedom from
PV reoperation

or PVS-related P .
death
S (KL —
P=0.0001 76£10% 76£10%
o

14£13%

17 8 4 No postop PHN
oo 7 1 1 Postop PHN

0 2 4 6 8 years

Fig 3. Kaplan-Meier actuarial curves for PV reoperation or
PVS-related death: (A) stratified on preoperative PVS score; (B)
stratified on the type of repair; (C) stratified on postoperative
pulmonary hypertension. (PHN = pulmonary hypertension;
PV = pulmonary vein; PVS = pulmonary vein stenosis.)

3 independent predictors of mortality demonstrated so
far in multivariate analysis in the literature (a high pre-
operative PVS score [2], the involvement of more than 3
PVs, and the progression to uninvolved PVs [1])
strengthened the major importance of the intrinsic
anatomical severity of the disease.

The impact of the specific PVS score that we describe in
the present study emphasizes the major role played by
the severity of the disease on outcomes. By taking into
account the degree of stenosis of each vein (based on
echocardiographic data enriched with other imaging), but
also the focal/diffuse aspect of each PV and the unilateral/
bilateral aspect of the disease, this new score might
represent a more comprehensive and integrated method
for grading severity in these patients, compared with
other scores or predictive models [2, 19]. It may provide
useful prognostic information to guide decision-making
in clinical practice but needs to be validated prospec-
tively in a larger number of patients.

Influence of the Surgical Technique

In the present study, the sutureless technique was not
significantly associated with better outcomes compared
with nonsutureless techniques. This is in concordance
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Table 5. Results of the Univariate Analysis (Cox Models)

Ann Thorac Surg
2017;104:182-9

PV Restenosis

PV Reoperation

PV-Related Mortality

Variable (HR; 95% CI; p Value) (HR; 95% CI; p Value) (HR; 95% CI; p Value)
Weight 0.98; 0.94-1.02; 0.42 0.94;0.85-1.03; 0.16 0.93; 0.82-1.05; 0.23
Prematurity 1.07; 0.14-8.44; 0.95 1.74;0.38-8.00; 0.48 1.30; 0.16-10.63; 0.81

1.83; 1.11-5.50; 0.28
4.83; 1.02-36.52; 0.13°
2.50; 1.02-7.12; 0.09°
1.65; 0.58-4.72; 0.35
4.29; 1.25-14.75; 0.02°
1.32; 1.17 - 1.50; <0.001°
5.39; 1.72-16.95; 0.004"

Preoperative pulmonary hypertension
Preoperative severity score >4

Diffuse stenosis (no upstream PV dilatation)
Sutureless procedure

Bilateral disease

Postoperative severity score at 1 mo
Postoperative pulmonary hypertension at 1 mo

4.50; 1.01-20.96; 0.05"
29.73; 0.10-8,467.36; 0.24
3.26; 1.04-11.88; 0.07°

2.04; 0.56-7.42; 0.28
2.03; 0.42-9.80; 0.38
1.29; 1.13-1.46; <0.001°
9.05; 2.37-34.58; 0.001"

5.35; 1.07-43.68; 0.12°
28.16; 0.02-35,033.9; 0.36
3.6; 1.05-17.39;0.11%
3.94; 0.49-31.52; 0.20
4.47; 0.53-37.35; 0.17
1.33; 1.14-1.55; <0.001°
17.31; 3.23-92.86; 0.001°

? Trend to statistical significance: p < 0.15; 95% CI not including 1.

b Significant: p < 0.05; 95% CI not including 1.

Pulmonary hypertension: defined as pulmonary artery pressure >3/4 systemic pressure

CI = confidence interval; HR = hazard ratio;

with the literature, which shows that the sutureless
technique provides lesser outcomes for repair of PPVS
[1, 2, 4] compared with acquired PVS after total anoma-
lous pulmonary venous return [15, 20]. Nevertheless, we
have to recognize that patients who were selected for a
sutureless repair in this series were significantly younger
and smaller and also tended to have a lower birthweight
and more severe disease (preoperative severity score >4),
suggesting a probable selection bias in the choice of
operation, with the more challenging patients more likely
undergoing a sutureless approach.

Overall, these findings emphasize the preponderant
role played by the intrinsic severity of the PVS disease
over the role played by the surgical technique on out-
comes. This could be explained by the fact that more
severe stenosis at the time of operation triggers a complex
biological and hemodynamic process that increases
the risk of PVS recurrence (as noted in human studies
[5, 8, 21] and animal models [22-24]), even if the initial
surgical repair was effective in relieving the initial ste-
notic disease. The recurrence of postoperative pulmonary
hypertension, which was a strong independent risk factor
for recurrence in our series and which is often unrelated
to the quality of the surgical repair, could be a marker of
the complex biological process triggered by the severity
of the initial disease. This can explain why patients with 1
stenosed PV but without pulmonary hypertension can
lead a normal life, whereas patients with postoperative
pulmonary hypertension despite complete relief of their
PVS have worse outcomes.

Limitations

This retrospective nonrandomized study is limited by the
small number of patients and the inherent risk of selec-
tion bias. The multicentric nature of this study led to a
significant heterogeneity in the decision-making pro-
cesses regarding imaging and interventions. The
institution-dependent and operator-dependent aspect of
these PV operations could not be taken into account in the
risk analysis because of the large number of participating
surgeons and the variability of the number of patients

PV = pulmonary vein.

enrolled per institution. The decision to include the
“bilateral disease” criterion into the PVS score still needs
to be validated in a prospective study. Histologic spec-
imen examination and genetic studies would have been
of major interest to further investigate the mechanisms at
work in this complex disease. Finally, the PVS-related
morbidity and neurodevelopmentally related outcomes
and quality of life of patients were not investigated.

Conclusions

Primary PVS still has a guarded prognosis in the current era
despite the adoption of the sutureless technique. Post-
operative pulmonary hypertension and severity of disease
evaluated by a new severity score are independent risk
factors for poor outcomes regardless of surgical technique.

Audio Discussion: Audio of the discussion that
followed the presentation of this paper at the STS
Annual Meeting can be accessed in the online version
of this article [http://dx.doi.org/10.1016/j.athoracsur.
2017.03.022] on http:/ /www.annalsthoracicsurgery.org.
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