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Background. Pulmonary vein (PV) stenosis, whether
ongenital or after repair of total anomalous pulmonary
enous connection (TAPVC), continues to carry a poor
rognosis.
Methods. A retrospective review identified 36 patients
ho underwent repair of PV stenosis between December

989 and June 2003. Fourteen with congenital PV stenosis
nderwent scar excision and primary repair (n � 2),

ntraoperative stent placement (n � 4), or sutureless
ericardial marsupialization (n � 8). Twenty-two with
cquired PV stenosis after TAPVC repair underwent
nastomotic revision and/or vein repair (n � 11) or
utureless pericardial marsupialization (n � 11). Fol-
ow-up ranged from 1 month to 14 years (median, 30

onths).
Results. Among the 14 patients with congenital PV

tenosis, 8 died (3 early deaths, 4 late deaths with

estenosis, and 1 late noncardiac death). Among the six
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urvivors, five (4 after marsupialization) have not devel-
ped restenosis. Among 11 of 22 patients with acquired
V stenosis undergoing anastomotic revision or vein
epair, there were 5 deaths (2 early, 2 late with restenosis,
nd 1 late noncardiac death) and 1 of the six survivors has
eveloped restenosis. Of the remaining 11 undergoing
arsupialization, there was one late death (with resteno-

is) and 10 survivors have no restenosis. Congenital
tiology, use of marsupialization technique, presence of
ssociated defect, and extent of disease were identified as
isk factors for poor outcome.

Conclusions. Patients with pulmonary vein stenosis
ontinue to have a guarded prognosis. Sutureless peri-
ardial marsupialization was associated with satisfactory
idterm results and appears superior to other conven-

ional techniques.
(Ann Thorac Surg 2006;81:992–6)
© 2006 by The Society of Thoracic Surgeons
ulmonary vein stenosis may be congenital, occurring
in association with normal pulmonary venous con-

ection, or it may be acquired. In the pediatric popula-
ion, acquired pulmonary vein stenosis is seen most
ommonly after repair of total anomalous pulmonary
enous connection. In these cases, the obstruction may
ccur at the anastomosis between the left atrium and the
ulmonary venous confluence, or it may be a more

nsidious form that involves stenosis extending into the
ndividual pulmonary veins. Congenital pulmonary vein
tenosis is a rare defect, which may affect any or all veins.

any surgical therapies have evolved to treat pulmonary
ein stenosis, but conventional approaches have been
lagued by high mortality due to restenosis. Sutureless
ericardial marsupialization (SPM) has been introduced
s a method to relieve obstruction and reduce the reste-
osis rate [1–4]. In this report, we describe our experi-
nce in the management of this difficult problem.

ccepted for publication Aug 18, 2005.

resented at the Fortieth Annual Meeting of The Society of Thoracic
urgeons, San Antonio, TX, Jan 26–28, 2004.

ddress correspondence to Dr Devaney, F7830 C.S. Mott Children’s
atients and Methods

etween December 1989 and June 2003, 36 patients
nderwent surgical therapy for pulmonary vein (PV)
tenosis at C.S. Mott Children’s Hospital at the Uni-
ersity of Michigan. Patients with single vein disease
ere not included. After approval by the Institutional
eview Board at the University of Michigan, the hos-
ital records of all 36 patients were retrospectively
eviewed, and follow-up data were obtained through
linic notes and contact with the patients, their fami-
ies, or the treating cardiologists. Patient characteris-
ics are shown in Table 1. The median age at the time
f initial surgical intervention for all patients with
ulmonary vein stenosis was 6.5 months (range, 1 to
40 months). Bilateral disease was present in 14 pa-
ients. Significant associated defects were present in 17
atients (Table 2). Single ventricle anatomy occurred
ore commonly in patients with acquired stenosis

Table 1). All patients underwent preoperative imaging
ith cardiac catheterization and/or echocardiography.
ourteen patients presented with congenital pulmo-
ary vein stenosis. In this group, the median age at
epair was 12 months. Twenty-two patients presented
ith acquired pulmonary vein stenosis after repair of

otal anomalous pulmonary venous connection. These

atients presented for repair at a median age of 5

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.08.020
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onths. Follow-up for all patients ranged from 1
onth to 14 years (median, 30 months).

tatistical Analyses
tatistical analyses were performed using Statview (Ver-
ion 5.0.1, SAS Institute, Inc, Cary, NC) and MedCalc
Version 8.1.0.0, MedCalc Software, Mariakerke, Bel-
ium) software. Actuarial survival was calculated using
echniques of Kaplan and Meier, and differences in
utcome were tested for significance using the Cox-
antel log-rank test. Multiple risk factors were assessed

sing the Cox proportional hazards method. For all
omparisons, differences were considered significant for
values less than 0.05.

perative Procedures
ll patients undergoing repair of pulmonary vein steno-

is underwent cardiopulmonary bypass with bicaval can-
ulation. Deep hypothermia and either low-flow cardio-
ulmonary bypass or circulatory arrest were utilized in
rder to improve exposure of the pulmonary venous
bstruction. Throughout the series, a variety of surgical
echniques were applied, including anastomotic revision
for patients with acquired PV stenosis), intraoperative
tent placement, patch venoplasty (using atrial tissue,
ericardium, or polytetrafluoroethylene), dilatation, and
car excision with primary repair. The technique of
utureless pericardial marsupialization has been used
requently since 1998. For each patient, operative tech-

able 1. Patient Characteristics

Acquired PVS Congenital PVS

umber of patients 22 14
edian age at repair
of PVS (months)

5 12

atients with bilateral
(diffuse) stenosis

6 8

atients with
associated defects

9 8

atients with single
ventricle anatomy

9 2

VS � pulmonary vein stenosis.

able 2. Associated Defects

Defect Number of Patients

ingle ventricle lesions 11
Heterotaxy, single ventricle 8
Tricuspid atresia 1
Pulmonary atresia with IVS 2

ransposition of the great arteries 1
runcus arteriosus 1
omplete atrioventricular septal defect 2
cimitar syndrome 1
ultiple noncardiac defects 1

Total 17
1VS � intact ventricular septum.
ique was selected based upon the specific anatomy of
he stenosis.

esults

ongenital Pulmonary Vein Stenosis
mong the 14 patients undergoing repair of congenital
ulmonary vein stenosis, two underwent scar excision
nd primary repair only, four patients had stents placed,
nd eight patients underwent SPM. Two patients under-
ent multiple interventions for PV stenosis. One under-
ent placement of stents on three occasions, and the
ther underwent initial pericardial patch venoplasty and
hen a stent. Outcomes are illustrated in Figure 1. Both
atients undergoing excision and repair died late (one
ith restenosis and one noncardiac death). One of the

our stented patients died early, two died late with
estenosis, and the fourth patient is alive at 10 years with
o restenosis; this patient had unilateral disease with a
mall lung but a patent stent at follow-up. In the group of
ight undergoing marsupialization, there were two early
eaths and one late death (with associated restenosis).
ive SPM patients are alive at a median follow-up of 25
onths, although one patient with unilateral disease has

eveloped severe restenosis. Overall, for the 14 patients
ith congenital PV stenosis, good outcomes occurred in
nly five patients (four of whom underwent
arsupialization).

cquired Pulmonary Vein Stenosis
wenty-two patients presented with acquired pulmonary
ein stenosis (Fig 1). Thirteen patients underwent initial
nastomotic revision. Six of these patients required re-
peration due to recurrent stenosis. Four patients requir-

ng reoperation underwent a nonmarsupialization type
f repair, while two proceeded to marsupialization. This

eft 11 patients in the “repair only” group. Nine patients
ith acquired PV stenosis underwent initial sutureless
ericardial marsupialization. Including the two patients
ho underwent an unsuccessful initial repair, a total of

ig 1. Outcomes for patients undergoing repair of pulmonary vein
tenosis. (PVS � pulmonary vein stenosis; SPM � sutureless peri-
ardial marsupialization.)
1 patients ultimately underwent marsupialization. After
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arsupialization, no patients have undergone reopera-
ion for pulmonary vein restenosis. Outcomes for the
atient groups are shown in Figure 1. Among the patients
ndergoing repair alone, there were five deaths. Two
eaths were early and three were late. Two late deaths
ccurred in association with severe restenosis, and the
ther was noncardiac in etiology. Six patients in the
epair group are alive at a median follow-up of 31
onths, but one has developed restenosis. Among the 11

atients undergoing SPM, there was one late death,
hich was secondary to restenosis. The remaining 10
atients are alive at a median follow-up of 18 months and
one has developed restenosis.

isk Factor Analysis
ctuarial survival was performed using the Kaplan-
eier technique. Survival for all patients undergoing

ig 2. Survival without restenosis for all patients undergoing repair
f pulmonary vein stenosis.

ig 3. Disease-free survival difference for patients undergoing repair
f acquired (APVS) versus congenital pulmonary vein stenosis

CPVS) (p � 0.05). (— �APVS; - - - � CPVS.) C
epair for PV stenosis is shown in Figure 2. A trend
uggesting an improved outcome was seen in patients
ith acquired PV stenosis (Fig 3). Patients undergoing

utureless marsupialization demonstrated significantly
mproved survival (Fig 4). Using Cox proportional haz-
rds analysis, several potential risk factors, including
ingle ventricle anatomy, bilateral disease, heterotaxy
yndrome, surgical technique, and etiology, were as-
essed for significance. The presence of an associated
efect (p � 0.02), bilateral disease (p � 0.03), and use of a
onmarsupialization technique (p � 0.04) were found to
e independent significant risk factors for poor outcome

Table 3).

omment

ongenital PV stenosis is a very rare lesion, which has
een noted to occur in about 0.4% of congenital heart
efects [5]. One or multiple veins may be affected. His-

ologically, the lesion is characterized by fibrous intimal
hickening in most cases and medial hypertrophy in

any [6]. Congenital PV stenosis can be fatal even when
t is unilateral. The first surgical repair of congenital PV
tenosis was reported by Kawashima and colleagues in
971 [7]. Surgical approaches have evolved over the

able 3. Risk Factors for Poor Outcome (Cox Proportional
azards)

Risk Factor p Value Hazard Ratio 95% CI

ssociated defect 0.02 1.36 0.27–2.5
onmarsupialization
procedure

0.04 1.13 0.07–2.2

ilateral (diffuse)
disease

0.03 1.14 0.10–2.2

ig 4. Difference in survival without restenosis for patients undergo-
ng sutureless pericardial marsupialization (SPM) versus other type
f repair (p � 0.03). (— � other; - - - � SPM.)
I � confidence interval.
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ears, but results have been generally disappointing.
iffuse restenosis has been documented as a significant

ause of late mortality after repair [8].
Acquired PV stenosis may be anatomically localized to

he anastomosis, in which case the natural history is
ore favorable, or the stenosis may extend diffusely into

he branch pulmonary veins. The latter behaves in a
ashion similar to the congenital form of the disease.
nfortunately, in practice it can sometimes be difficult to
istinguish these forms of acquired PV stenosis at the

ime of presentation. Acquired PV stenosis occurs in
pproximately 7% to 11% of early survivors after total
nomalous pulmonary venous connection repair [6, 9,
0]. Results of repair of acquired PV stenosis have also
een less than optimal due to the problem of restenosis

11, 12].
All conventional surgical approaches have created po-

ential injury to the pulmonary vein wall either by direct
uturing or stent placement. Early in our series, stenting
as attempted in several patients. The results obtained at
ur center and others have been poor, and we have
bandoned this technique for this application [13]. It is
ossible that, in the future, drug-eluting stents such as

hose used to treat coronary artery disease might play a
ole in the treatment of recurrent PV stenosis. The
echnique of pericardial marsupialization was introduced
o minimize injury to the pulmonary vein wall by avoid-
ng direct suturing of the vein. Reports from other centers
sing SPM have shown promising results [2, 4].
Some centers have offered lung or combined heart-

ung transplantation for the treatment of pulmonary vein
tenosis [14]. This approach has been less than optimal
ue to the high mortality incurred while on the waiting

ist and due to poor long-term graft survival.
In this report, we have reviewed the results of surgical

epair of congenital and acquired PV stenosis using
everal techniques. Restenosis remains a significant
roblem for this patient population. In most cases, late
eaths were secondary to restenosis. The data presented
ere suggest that congenital etiology, presence of asso-
iated defects, and bilateral (diffuse) disease are signifi-
ant risk factors for mortality and restenosis. The tech-
ique of sutureless marsupialization was found to be a
tatistically significant protective factor by Kaplan-Meier
echniques and Cox proportional hazards. Since the
echnique was not adopted at our center until 1998,
ollow-up in these patients is more limited. At our center,
PM has become the preferred initial approach for pa-

ients with either congenital or acquired PV stenosis. In

ome cases of acquired PV stenosis, anastomotic revision

uthors use a surgical technique, “sutureless pericardial marsupi-

a
s
a
s
m

lone may still be appropriate. However, if additional
isk factors are present, a better approach may involve a
evision in conjunction with SPM.

Limitations of this study include its retrospective na-
ure, small patient numbers, and limited follow-up. It
emains clear that PV stenosis remains a difficult clinical
roblem, but sutureless pericardial marsupialization ap-
ears to offer improved outcomes. Longer follow-up will
e required to confirm its efficacy.
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ISCUSSION
R CHRIS CALDARONE (Toronto, ON, Canada): I would like
o congratulate Dr Devaney on a lucid presentation and commend
he Ann Arbor group for employing a novel surgical repair to deal
ith a challenging problem of pulmonary vein stenosis. The
lization,” for two major indications: congenital pulmonary vein
tenosis and pulmonary vein stenosis arising after repair of total
nomalous pulmonary venous connection. Dr Devaney’s analysis
uggests that the sutureless technique may offer promise for

anagement of these two very difficult populations of patients.
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At the Hospital for Sick Children in Toronto we have
aintained a great interest in the underlying pathophysiol-

gy of pulmonary vein stenosis and this procedure’s potential
pplications. At recent count, we have performed over 40 of
hese procedures, but because of the small numbers involved
omplex statistical analyses are difficult to perform. Which
aises one small point: I noticed that in the manuscript you
umped death and restenosis together in your multivariable
nalysis. Although that does increase statistical power, cer-
ainly from the point of view of patients, it is not an identical
utcome. I hope the following questions will be of interest to
he Society.

First, it has been our observation that post-repair pulmonary
ein stenosis appears to have three basic subtypes. The most
inimal form of the disease is limited to the anastomotic area
ith sparing of the pulmonary veins and confluence, suggesting
technical error or imperfection at the time of initial repair. The

ntermediate form is limited to the pulmonary venous conflu-
nce in addition to the anastomotic area. And the most extensive
orm of the disease includes a fibrous reaction extending retro-
rade deep into the lung parenchyma. In this subset I am
omewhat skeptical that any surgical procedure will reverse this
rocess.
With these observations in mind, my first question is whether

n your series the success or failure of this procedure was linked
o the extent of pathology, and are there specific anatomic
ubsets in which the technique is of greater benefit?

My second question is related to the pathophysiologic basis
ehind the apparent success of the sutureless technique for
ost-repair pulmonary vein stenosis. Would you please share
ith us your thoughts on why the procedure may be efficacious

t all? Does it simply limit imperfections by avoiding suture-
nduced geometric distortion of the cut edges of the pulmonary
eins? Does lack of suture material or handling actually reduce
ocal inflammation? Or, by widely opening the pulmonary veins,
oes it simply delay but not alter the inevitable progression of

he disease?
Finally, my third question is related to expanding the indica-

ions for the procedure. Because of favorable results similar to
ours and a favorable safety profile, we have expanded our
ndications for this procedure to patients felt to be at risk for
uture pulmonary vein stenosis. This indication includes pri-

ary repair of total anomalous pulmonary venous connection in
atients with a small pulmonary venous confluence or some
ther anatomic feature suggesting future obstruction, and in
ome patients with single ventricle physiology and pulmonary
ein distortion in whom an increase in pulmonary blood flow
an be expected at a palliative procedure.

Because our ability to predict future pulmonary vein stenosis
s limited, however, testing the hypothesis that prophylactic use
f this sutureless technique will be difficult without better
redictive models or some type of prospective trial. With this in
ind, would you please comment on the appropriateness of

xpanding the indications for the sutureless technique to the
rimary procedure designed to prevent pulmonary vein
tenosis.

Once again, I enjoyed your presentation and enjoyed the
pportunity to review this paper.

R GERHARD ZIEMER (Tübingen, Germany): I have a ques-
ion about the technique of the left-sided stenosis; how you do
he sutureless anastomosis there. Do you employ the left atrial
ppendage there? I just imagine it to be pretty difficult to do it
utureless there, or do you just incise this stenosis from inside

nd leave it as it is? o
And to the last question of the discussant, is it appropriate to
se the sutureless procedure to prevent pulmonary vein stenosis
eforehand in any TAPVD (total anomalous pulmonary venous
rainage) patients primary operation? The Schumacker modifi-
ation of the old Senning procedure, which nobody does any
ore, was something like the sutureless procedure for pulmo-

ary vein stenosis, because you just incise the right-sided veins
nd put the pericardium around to get the pulmonary venous
enning tunnel.

R DEVANEY: First of all, I would like to acknowledge the
ioneering work of Dr Caldarone and Dr Coles in Toronto with

heir great work and really reintroducing this technique. I first
ill address some of his questions and try to answer them as
est I can.
The first question, I think, involved a question regarding the

xtreme heterogeneity of this clinical problem. Clearly, patients
resent with a wide variety of stenosis, and certainly there is no
uestion that patients with localized disease, such as those that
ay occur after repair of total veins, are going to fare better than

hose who have the real more severe form of the disease with
tenosis extending into the hilum of each lung. Clearly, there is
ot much surgically that can be done for those patients. How-
ver, certainly we did evaluate this in the manuscript by looking
t the extent of disease based on bilaterality. Patients that had
ilateral disease tended, on the whole, to have the more severe,
iffuse form of the disease.
The second question involved why does the procedure work?
ell, I really don’t know. We haven’t done any laboratory

nvestigation studying this disease process, but I think you
ouched on the main principles that I think are important, which
s really a no-touch technique.

As you may know, the histology of the pulmonary vein
tenosis involves severe intimal fibrosis and thickening, and the
oncern is that any injury to the intima might stimulate progres-
ion of this fibrosis. Therefore, using a sutureless technique and
eally minimizing any injury to the wall of the vein I think is an
mportant factor in the success of this procedure. You may be
ight that perhaps just making a wide open communication may
ust be delaying the inevitable, but even given our relatively
imited follow-up time, I think the technique has certainly
howed quite a bit of promise.

Your next question regarded whether we should be expand-
ng the indications of this technique, and you use as an example
hether we should be doing it for all patients with total veins, or

t least some subset of patients. Well, just looking at all patients
hat undergo repair of total anomalous pulmonary venous
onnection, the incidence of acquired pulmonary vein stenosis is
bout 10%, looking at a number of different series, which means
hat 90% of patients actually do pretty well, and I think it may be
ifficult to decide which patients are going to do poorly. But you
ay be right; patients that have a very small left atrium may be

ood candidates for this technique, and I think it would be
nteresting to apply it to this subset of patients with total veins.

And the final discussant’s question regarded the technique of
eft-sided marsupialization. Our technique is really quite simi-
ar. We do on occasion incorporate the left atrial appendage, but
t really can be done in a very analogous fashion. And I think the
iscussant hit it right on the head. This is really old technology
r an old technique that has been rejuvenated recently. I believe

t was originally described by Dr Senning and was revived by
rs Lacour-Gayet, Coles, and colleagues in applying this tech-
ique to this clinical problem.
Again, I thank everyone for your attention and I appreciate the
pportunity to present the data today. Thanks.
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