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Background. Surgical repair of complete atrioventricu-
ar septal defect (CAVSD) is a well-established proce-
ure performed on young children. Our hypothesis is

hat with modern techniques, the current risks of
AVSD repair in children aged younger than 3 months
nd in children older than 3 months are equal.
Methods. This was a retrospective review of 65 infants

nd children with a mean age of 10.9 months (range, 1
onth to 15.5 years) who underwent CAVSD repair from

990 to 2004. Twenty-six repairs (40%) were done on or
efore 3 months of age (group A) and 39 repairs (60%)
ere done after 3 months of age (group B). In all patients,

he ventricular septal defect was repaired with an indi-
idualized approach according to each patient’s specific
natomy: direct suturing without a patch, interposition of
small pericardial patch with a running suture, or both.

he atrioventricular commissure was closed with inter-
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upted sutures, and all atrial defects were closed with a
ericardial patch. Data were analyzed using the �2 anal-
sis and the Fisher exact test.
Results. Three hospital deaths occurred (<30 days), 2 in

roup A and 1 in group B (7.7% vs 2.6%, respectively, p �
.33). One death in group A occurred during another
oncardiac surgery. Early reoperation (<1 year of initial
urgery) for residual ventricular septal defect or signifi-
ant mitral regurgitation, or both, occurred in 3 group A
atients and in 4 group B patients (11.5% versus 10.3%
espectively, p � 0.68).

Conclusions. These results suggest that repair of
AVSD defects in children 3 months of age or younger
ad similar outcomes compared with those who under-
ent surgical repair after 3 months of age.

(Ann Thorac Surg 2006;82:1598–602)

© 2006 by The Society of Thoracic Surgeons
omplete atrioventricular septal defect (CAVSD) is a
term used to describe a constellation of congenital

ardiac structural abnormalities characterized by an os-
ium primum atrial septal defect, a common atrioventric-
lar (AV) valve, and a nonrestrictive deficiency of the
entricular septal inflow. The latter, along with the
mount of AV valve regurgitation, determines the onset
f symptoms. Patients with mild AV valve regurgitation
nd high pulmonary vascular resistance can remain
elatively asymptomatic until they start developing cya-
osis from advanced pulmonary vascular disease. In
ontrast to that, if the peripheral vascular resistance falls, as
t normally does at 6 weeks of life, large left-to-right shunts
evelop through the septal defects. This in turn leads to
igns and symptoms of congestive heart failure, which can
lso develop in the setting of severe AV valve regurgitation.

About half of these patients, if left untreated, will die
ithin the first year of life, usually from heart failure or

espiratory tract infections [1]. Pulmonary hypertension
nvariably develops in those who survive [2]. The pulmo-
ary vascular disease becomes irreversible over time,

hus precluding surgical treatment; hence, it stands to

ccepted for publication May 22, 2006.

resented at the Fifty-second Annual Meeting of the Southern Thoracic
urgical Association, Orlando, FL, Nov 10–12, 2005.

ddress correspondence to Dr Kron, Department of Surgery, University
eason that CAVSD should be repaired before the onset of
rreversible pulmonary hypertension [3, 4]. This is prefera-
ly scheduled before the sixth to twelfth months of life.
With improvements in anesthetic and intensive care,

urgical repair of CAVSD is now the treatment of choice
nd is currently performed in infancy [3–8]. In a subset of
nfants, however, early congestive heart failure develops
ithin the first few weeks of life that is usually not

ontrolled with medical therapy alone. It is in these
atients that controversy exists about the ideal timing of
urgery [7, 9]. Surgical correction in these infants involves
he handling of smaller and more delicate cardiac struc-
ures, but delaying it may lead to devastating outcomes.

Unfortunately, it is not just timing of surgery that is
ontroversial in these fragile infants. Many surgical tech-
iques have been proposed for the repair of these defects

10], but a more customized approach may be more appro-
riate given their highly variable morphology [11–13]. We
sed a simpler technique that could be customized to each
atient’s specific anatomic arrangement. Thus, the purpose
f this study was to test the hypothesis that in the modern
ra, using the techniques described in this study, early (�3
onths old) repair of CAVSD is safe and effective.

atients and Methods

pproval to collect and analyze data from a retrospective

hart review was received from the University of Virginia

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2006.05.102
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uman Investigation Committee/Institutional Review
oard, which waived the need for obtaining patient
onsent for this study. We reviewed the records of infants
nd children who underwent CAVSD repair at the Uni-
ersity of Virginia Health System between 1990 and 2004.
ll patients in whom an individualized approach was
sed to perform the procedure, as described previously

14], were included in the study. This technique was first
nitiated in 1990 and so that was chosen as the starting
ate of the study. The study excluded patients with
ssociated complex cardiac anomalies (ie, transposition
f the great arteries, tetralogy of Fallot) because they
ould not have comparable anatomy or physiology,

esulting in an altered natural history and surgical man-
gement of CAVSD.
Table 1 presents the preoperative data for early (�3
onths old, group A) and late (�3 months old, group B)
AVSD repair.

urgical Procedure
atients were placed on standard cardiopulmonary by-
ass with two venous cannulae. Moderate hypothermia
as induced, and antegrade cold blood cardioplegia was

dministered after cross-clamp placement. The first step
f the repair was to close the left AV commissure with

nterrupted 5-0 polypropylene sutures through a right
triotomy. After ensuring coaptation, the ventricular sep-
al defect was assessed.

An individualized approach was used in all patients to
epair the ventricular septal defect according to each
atient’s specific anatomy: direct suturing without a
atch infrequently, or interposition of a pericardial patch
ith a running suture. Direct suturing was done with 5-0
olypropylene sutures in an interrupted horizontal mat-

ress fashion if this septal defect could be closed without
ension. The sutures were placed through the right
entricular side of the ventricular septal crest and then
hrough the common valve leaflets. If that would result in
ndesirable tension, distortion of the AV valves, or if the
efect was large, a bovine pericardial patch was sutured

n between the common AV valve leaflets and the ven-
ricular septal crest. This was done with a running
olypropylene suture. Not infrequently, an amalgam-
tion of these two methods could be used, with direct

able 1. Preoperative Data

Group Aa

(n � 26) (%)
Group Bb

(n � 39) (%) p Value

ender
Males 10 (38) 17 (44) 0.344
Females 16 (62) 22 (56)
own syndrome 18 (69) 36 (92) 0.001
Moderate LAVVR 4 (15) 10 (26) 0.157

Early (� 3 months old) complete atrioventricular septal defect repair.
Late (�3 months old) complete atrioventricular septal defect repair.

AVVR � left atrioventricular value regurgitation.
uturing at the edges of the defect leaving room for a r
maller patch in the larger, central area of the ventricular
eptal defect.

Care was taken in all of these techniques to ensure that
ost of the leaflet tissue was made a part of the newly

onstructed left AV valve. This was done by taking up
ore tissue from the right half of the common leaflets.
evertheless, one has to be careful doing this when the

ight-sided section of the AV valve is small because it
ay result in a tricuspid orifice that is too small.
The atrial component was then closed with a second

atch. However, before that was done, the ventricular
utflow tract patency was established by passing a probe

nto it through the left AV valve orifice. All atrial defects
ere closed with a bovine pericardial patch using a

unning 5-0 polypropylene suture. This was done pref-
rentially having the coronary sinus draining into the left
trium so as to steer clear of the conduction tissue.
owever, the coronary sinus was directed into the right

trium when there was a persistent left superior vena
ava present. Finally the right atriotomy was closed using

running 5-0 polypropylene suture. The repair was
ssessed intraoperatively with transesophageal
chocardiography.

tatistical Analysis
binary logistic regression analysis was performed for

oth mortality and reoperation separately. In addition,
nivariate statistics using either a �2 analysis or a Fisher
xact test were performed comparing the variables age,
eoperation, mortality, Down syndrome, gender, and the
egree of postoperative mitral regurgitation. A signifi-
ant difference was indicated at p � 0.05. All analyses
ere performed using the statistical software SPSS (SPSS

nc, Chicago, IL). The binary logistic regression failed to
how any significant predictors for the variables mortal-
ty and reoperation.

esults

he repair was performed on 65 infants and children,
ith a mean age of 10.9 months (range, 1 month to 15.5

ears). Twenty-six repairs (40%) were done on or before
months of age (group A) and 39 repairs (60%) were

one after 3 months of age (group B). The mean ages of
atients were 2.14 months in group A (range, 1 to 3
onths) and 16.76 months in group B (range, 3.5 to 186
onths). The yearly distribution of patients stratified by

ge group is shown in Figure 1.
All of the patients were studied with preoperative

chocardiography. Additional evaluation with preopera-
ive cardiac catheterization was performed in 13 cases.
ardiovascular anomalies associated with CAVSD in-

luded patent ductus arteriosus (19 patients), dextrocar-
ia (1 patient), situs inversus (1 patient), and persistent

eft superior vena cava with drainage into the coronary
inus (5 patients).

The decision to operate on these children was made on
heir first presentation with symptoms of heart failure,
hich included failure to thrive, weight loss, and recur-
ent respiratory tract infections. No patient in this series
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ad previously undergone palliative pulmonary artery
anding, and all repairs were done electively. Similar
umbers of patients in both groups had moderate or
evere left AV valve regurgitation. There were no differ-
nces in gender between the two groups, and group A
ad fewer patients with Down syndrome than group B

69% versus 92%, p � 0.001).
The postoperative data are summarized in Table 2. A

imilar number of ventricular septal defects were closed
ithout a patch in both groups (13.3% in group A and

2.5% in group B). Overall hospital (�30 days) mortality
as 4.6%. Two (7.7%) of 26 patients died in group A and
(2.6%) of 39 patients in group B (p � 0.33). One of the
eaths in group A occurred in an infant due to compli-
ations of a Nissen fundoplication. The cardiac repair
as intact in both of the group A patients who died, and

here was no evidence of a residual shunt or left ventric-
lar outflow tract obstruction. The patient who died in
roup B did, however, have moderate outflow tract
bstruction and mitral valve regurgitation.
Early reoperation (�1 year of initial surgery) for resid-

al ventricular septal defect or significant mitral regur-
itation, or both, occurred in 3 patients in group A and 4
atients in group B (11.5% versus 10.3%, respectively, p �
.68). This brought the overall reoperation rate to 10.8%.
ll of these patients recovered and were alive at the time
f follow-up.

ig 1. Yearly distribution of patients stratified by age group. Group
� clear bars; group b � solid bars.

able 2. Postoperative Data

Group Aa

(n � 26) (%)
Group Bb

(n � 39) (%) p Value

ospital mortality 2 (7.7) 1 (2.6) 0.33
arly reoperation 3 (11.5) 4 (10.3) 0.68
Mild LAVVR 19 (73) 29 (74)
oderate LAVVR 6 (23) 9 (23) 0.76

evere LAVVR 1 (4) 1 (3)

Early (� 3 months old) complete atrioventricular septal defect repair.
Late (�3 months old) complete atrioventricular septal defect repair.
tAVVR � left atrioventricular value regurgitation.
One further reoperation was required in group A 2
ears after the initial surgery for residual severe mitral
egurgitation with closure of a secundum atrial septal
efect. This was also the length of time after the initial
urgery that a patient in group B had a reoperation for
esidual ventricular septal defect.

Three complications occurred in group A, all within 1
onth of the initial surgery, which required intervention:

eart block requiring a pacemaker, percutaneous drain-
ge of a pericardial effusion, and a pleural effusion.
imilarly, four complications, all due to heart block,
ccurred in group B that required the insertion of a
acemaker. These interventions took place in 2 patients
t 1 month after the initial operation, in another patient at
months, and at 2.5 years after repair of the CAVSD in

he fourth patient.
All patients were followed-up with periodic clinical ex-

mination and echocardiography, and 100% of patients had
t least short-term follow-up. A Kaplan-Meier survival
lot for follow-up time is shown in Figure 2. The median

ollow-up time for these patients was 48 months (range,
.5 to 174.5 months). The median follow-up time was 44
onths for group A (range, 0.6 to 150.7 months) and 48
onths for group B (range, 0.5 to 174.5 months). Pneu-
onia caused one late death in group B.
Echocardiography examination at the latest clinic fol-

ow up revealed absent-to-mild residual left AV valve
ncompetence in 19 patients in group A (73%) and 29 in
roup B (74%; p � 0.76). Hence, no significant differences

n operative mortality, early reoperation, or residual left
V valve regurgitation were observed between the two
roups studied. It is conceivable that a difference may not
ave surfaced owing to the low power of this study.

omment

AVSDs are associated with high-flow systemic pres-
ures in the pulmonary vasculature leading to fibrosis
nd intimal hyperplasia. This eventually leads to a reduc-
ion in the total cross-sectional area of the pulmonary
ascular bed. Surgery within 6 months usually prevents

ig 2. Survival plot for follow-up time (months) determined by
aplan-Meier method, with 95% confidence intervals shown by up-
er and lower lines. (Solid line � patients 3 months or younger;
ashed line � patients older than 3 months.)
hese irreversible obliterative changes [15, 16], and there-
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ore, this pathology should be repaired as early as pos-
ible. In addition, pulmonary hypertension can occur by
he third month of life so we chose this age to be the
ivision point of the two groups in our study.
Palliation with pulmonary artery banding is now sel-

om indicated and has now been abandoned for a
ingle-stage definitive surgical repair [10]. In recent
ears, there has been a better understanding of the
urgical anatomy of CAVSD as well as improvements in
urgical techniques and postoperative care. This in turn
as led to a decrease in the mortality rate among this
atient population [3, 9]. Several previous studies dem-
nstrated that repair at an early age was beneficial [9, 17].
n fact, early correction could partially eliminate the
ncidence of left AV valve regurgitation in the postoper-
tive period, which remains the most important factor of
ostoperative morbidity and mortality [18]. Other risk

actors for surgical repair include the patient’s age at the
ime of surgery, the severity of preoperative common AV
alve regurgitation, the presence of associated cardiac
nomalies, and the degree of functional disability [19].
Since the first documented description of atrioventric-

lar septal defect correction in 1954 [20], various tech-
iques have been proposed for its repair. The main
ifference between them is in using either a single or
ouble patch technique in closing the septal defects. Both

hese techniques seem to be equally efficacious [21]. As
lways, the surgeon’s experience with a particular tech-
ique and the ability to adapt to the highly variable
athologic abnormality of the CAVSD is probably more

mportant than just the technique itself.
It would, however, be desirable to adopt a simpler and

eproducible technique that, with some customization,
an be used consistently from one patient to another. By
ustomizing the repair to the size and configuration of
ach patient’s ventricular defect, we occasionally avoid a
atch altogether with direct closure, use as small a patch
s possible, or use a combination of these techniques.
his greatly simplifies and expedites the operation.
oreover, improvements in anesthetic and intensive

are have made it a relatively safe procedure. These
atients are also being referred at a younger age than
reviously and, consequently, before the onset of un-
anageable pulmonary hypertension.
In conclusion, we have found no difference in operative
ortality and early morbidity in children undergoing

urgical repair of CAVSD at 3 months of age or younger.
e believe this to be the result of all of the factors we

ave discussed. In the current era, using the manage-
ent strategies we have described, early repair of
AVSD is safe and effective.

eferences

1. Berger TJ, Blackstone EH, Kirklin JW, Bargeron LM Jr,

Hazelrig JB, Turner ME Jr. Survival and probability of cure
without and with operation in complete atrioventricular
canal. Ann Thorac Surg 1979;27:104–11.

2. Santoro G, Marino B, Di Carlo D, et al. Patient selection for
repair of complete atrioventricular canal guided by echocar-
diography. Eur J Cardiothorac Surg 1996;10:439–42.

3. Castaneda AR, Mayer JE Jr, Jonas RA. Repair of complete
atrioventricular canal in infancy. World J Surg 1985;9:590–7.

4. Hanley FL, Fenton KN, Jonas RA, et al. Surgical repair of
complete atrioventricular canal defects in infancy. Twenty-
year trends. J Thorac Cardiovasc Surg 1993;106:387–94; dis-
cussion 94–7.

5. Alexi-Meskishvili V, Hetzer R, Dahnert I, Weng Y, Lange PE.
Results of left atrioventricular valve reconstruction after
previous correction of atrioventricular septal defects. Eur
J Cardiothorac Surg 1997;12:460–5.

6. Mavroudis C, Backer CL. The two-patch technique for com-
plete atrioventricular canal. Semin Thorac Cardiovasc Surg
1997;9:35–43.

7. Michielon G, Stellin G, Rizzoli G, et al. Left atrioventricular
valve incompetence after repair of common atrioventricular
canal defects. Ann Thorac Surg 1995;60:S604–9.

8. Tweddell JS, Litwin SB, Berger S, et al. Twenty-year experi-
ence with repair of complete atrioventricular septal defects.
Ann Thorac Surg 1996;62:419–24.

9. Michielon G, Stellin G, Rizzoli G, Casarotto DC. Repair of
complete common atrioventricular canal defects in patients
younger than four months of age. Circulation 1997;96:II-316–22.

0. Najm HK, Coles JG, Endo M, et al. Complete atrioventricular
septal defects: results of repair, risk factors, and freedom
from reoperation. Circulation 1997;96:II-311–5.

1. Becker AE, Anderson RH. Atrioventricular septal defects:
what’s in a name? J Thorac Cardiovasc Surg 1982;83:461–9.

2. Ebert PA, Goor DA. Complete atrioventricular canal malfor-
mation: further clarification of the anatomy of the common
leaflet and its relationship to the VSD in surgical correction.
Ann Thorac Surg 1978;25:134–43.

3. Rastelli G, Kirklin JW, Titus JL. Anatomic observations on
complete form of persistent common atrioventricular canal
with special reference to atrioventricular valves. Mayo Clin
Proc 1966;41:296–308.

4. Cope JT, Fraser GD, Kouretas PC, Kron IL. Complete versus
partial atrioventricular canal: equal risks of repair in the
modern era. Ann Surg 2002;236:514–20; discussion 20–1.

5. Newfeld EA, Sher M, Paul MH, Nikaidoh H. Pulmonary
vascular disease in complete atrioventricular canal defect.
Am J Cardiol 1977;39:721–6.

6. Yamaki S, Yasui H, Kado H, et al. Pulmonary vascular
disease and operative indications in complete atrioventric-
ular canal defect in early infancy. J Thorac Cardiovasc Surg
1993;106:398–405.

7. Stellin G, Vida VL, Milanesi O, et al. Surgical treatment of
complete A-V canal defects in children before 3 months of
age. Eur J Cardiothorac Surg 2003;23:187–93.

8. Alexi-Meskishvili V, Ishino K, Dahnert I, et al. Correction of
complete atrioventricular septal defects with the double-
patch technique and cleft closure. Ann Thorac Surg 1996;62:
519–24; discussion 24–5.

9. Boening A, Scheewe J, Heine K, et al. Long-term results after
surgical correction of atrioventricular septal defects. Eur
J Cardiothorac Surg 2002;22:167–73.

0. Lillehei CW, Cohen M, Warden HE, Varco RL. The direct-
vision intracardiac correction of congenital anomalies by
controlled cross circulation; results in thirty-two patients
with ventricular septal defects, tetralogy of Fallot, and atrio-
ventricularis communis defects. Surgery 1955;38:11–29.

1. Crawford FA Jr, Stroud MR. Surgical repair of complete
atrioventricular septal defect. Ann Thorac Surg 2001;72:

1621–8; discussion 8–9.



D

D
e
t
r
t
a
b
p
b
m
d
p
n
r
r
p

o
A
p
S
t
a
d
w
i
I

D
h
h
s
f
s
d
S
t
r

m
b
s
t
l
c
S
w
w
A
t

t
t
m
r
h

D
i

1602 SINGH ET AL Ann Thorac Surg
REPAIR OF COMPLETE AV SEPTAL DEFECT 2006;82:1598–602

C
A

R
D

IO
V

A
S

C
U

L
A

R

ISCUSSION
o
r
o
t
s
s
I
b
d
r

D
s
e
c
a
b
a
s
t
a
m
g
t
c
d

i
t
w
t
i
c
a
b
s

w
m
s
s
w

D
g
fi
l
t
n
h
f
t
o
y

t
m

R FRED A. CRAWFORD, JR (Charleston, SC): Dr Singh, I
njoyed your presentation and also appreciated the opportunity
o review your manuscript. I congratulate you on your good
esults, but I am still not sure that I exactly understand
he customized surgical approach that you have employed. I
gree with earlier surgical intervention in these patients and
elieve that this has essentially eliminated the problem of
ostoperative pulmonary hypertension. This, combined with
lood cardioplegia, has led to markedly decreased operative
ortality in many series. For example, we have had no operative

eaths in over 100 patients in the last 10 years with this
articular defect. However, not all problems have been elimi-
ated. Reoperation for mitral or left AV valve regurgitation
emains a problem and occurs in 5% to 10% of every series
eported in the literature regardless of the one-patch or two-
atch technique, whichever one is employed.
I have several questions. In the manuscript, you report that

nly about 50% of your patients have absent or mild residual left
V valve regurgitation. Does this mean then that 45% of your
atients have either moderate or severe MR on follow-up?
econdly, do you think that residual MR is related to age, size, or

o the surgical technique? And then finally, based upon the
bove, what modifications, if any, have you considered to
ecrease the incidence of postoperative mitral regurgitation,
hich is the remaining problem affecting the long-term outcome

n patients undergoing AV canal repair? Thank you, and again,
enjoyed your presentation.

R SINGH: I will try and answer question two first, that 50%
ave absent or mild atrioventricular regurgitation and what
appened to the other 45%? The answer to that question is that
ome of those were not reported or were not documented in
ollow-up examinations, but most of the patients did not have
evere mitral valve regurgitation. It was documented in the later
ays, which was different from what was being reported earlier.
o there is some data there that is not absolute, but rather than

o assume that the unreported ones had absent AV valve
egurgitation, we only reported those that we were sure of.

The other question was how we can improve postoperative
itral regurgitation or if there is any surgical technique that can

e employed in the customized surgical approach. These an-
wers require a highly skilled technical surgeon and I will defer
hat to Dr Irving Kron but give you my humble answer from the
iterature that I have read and discussions with Dr Kron. The
ustomized approach really is with the ventricular septal defect.
utures are placed if the defect is small and can be closed
ithout a patch, and if it cannot be closed without a patch, then
e employ a patch. Sometimes we use both those techniques.
nd then the rest of the procedure goes forward as a two-patch

echnique.
As for how we can reduce left atrioventricular valve regurgi-

ation and mitral valve regurgitation, I think closing the cleft in
he left atrioventricular valve would be an important step and

aybe placing an additional suture there if one feels it is
equired intraoperatively. However, I believe that Dr Kron may
ave a better answer to that question.

R KRON: Fred, just like you, I think our mortality has certainly

mproved over the last 10 years. We have gotten better at these b
perations. Previously with mitral regurgitation, before we used
outine TEE, we did the best we could before we left the
perating room. We would now not hesitate if we saw more than
race mitral regurgitation to reopen, look at the valve and put a
titch or two in. One of the critical things is not to cause mitral
tenosis; in fact, that is probably worse that mitral regurgitation.
t is a fine line in these delicate valves. I think we have gotten
etter at this by using the results of perioperative TEE in
etermining what our mitral valve looks like. I can’t recall a
eoperation in the last four years for this issue.

R ROSS M. UNGERLEIDER (Portland, OR): That was a nice
tudy, and I think it underscores the point that was being made
arlier in this afternoon’s session by Karl Welke that the out-
omes for congenital heart surgery, especially if we use mortality
s the outcome parameter, seem to be very good and getting
etter. And so the question that I have for you really revolves
round what should we be looking at to answer the question of
afe and effective. Obviously the ultimate safety is survival, but
here are other factors you didn’t tell us about and maybe this is
n opportunity that you could tell us a little bit about the
orbidity differences between the early group and the late

roup. Was there a difference in ICU stay and other elements
hat might impact on long-term survival and of course the real
oncern that we have of operating on particularly young chil-
ren with respect to long-term neurologic outcome?
On the other end of that spectrum you have your group B, that

s the older child, going back to 1990, and I am wondering what
he ages were in that group, because you mentioned that there
ere no pulmonary artery bands. And so did you have a group

here that was not very dissimilar from your young group, that
s, they were four or five months old, and I am not sure you are
omparing things that are that dissimilar, or if that group B was
much older group, then I am curious how you got by without
anding them, because some of them would probably have
ome pretty significant pulmonary resistance issues?

It finally gets us back to when should we operate on patients
ith AV canals, especially if we look at the factors beyond
ortality that are the true outcome elements that tell us what we

hould be doing to get the optimal outcome. This is a very nice
tudy and certainly makes us confident that we are doing pretty
ell in this field.

R SINGH: As far as group B and the age range goes, I know I
ave you a large range, but the mean was fairly close to around
ve to six months. So even though some of our patients looked

ike they were much older, and you are absolutely right, how
hey got away without PA banding, they had significant pulmo-
ary resistance but did not require PA banding at the time. They
ad come back to clinic repeatedly with some pneumonia, some

ailure to thrive, but had got by. I believe 20% of people do get
o live past a certain age to their first decade of life. But most of
ur patients actually were around the sort of late months to early
ear age.
As far as morbidity, no, we did not look at ICU stay. The only

hings I did get to look at were postoperative infections, pneu-
onia, or pleural effusion, and the results were fairly similar in
oth groups.
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