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Background. From June 1995 to January 2003, 49 con-
ecutive neonates of less than 2,500 g underwent early
urgery for congenital heart disease. A retrospective
nalysis was performed to evaluate the early to medium
erm outcome.

Methods. Major cardiac surgery for congenital heart
efects included a complete correction in 31 patients

group I) and a palliative procedure in 18 patients (group
I). Mean age at operation was 15.2 days (1 day–90 days)
nd mean weight was 2,190 g (1,300 g–2,500 g). Twenty-
our children (49%) were born prematurely. All neonates
ere critically ill and 47% were already ventilated pre-

peratively. Heart defects included mainly ventricular
eptal defect (10), tetralogy of Fallot complexes (8), aortic
oarctation (8), transposition complexes (7), single ventri-
le anomalies (4), pulmonary atresia with intact septum
4), interrupted aortic arch (3), totally anomalous pulmo-
ary venous return (3), and common atrioventricular
eptal defect (2).

Results. Overall surgical mortality was 18%: 4 neonates

ied after definitive repair and 5 after palliation; repre-
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enting, respectively, 13% and 28% of each group. Post-
perative morbidity occurred in half of the patients
53%). Age, weight, prematurity, type of first surgical
rocedure, and use of cardiopulmonary bypass did not

nfluence the early outcome. After a mean follow-up of
.82 years (2 months to 6 years), survival was 87% in the
orrection group and 54% in the palliation group. All
hildren were in NYHA class I-II. Freedom from reinter-
ention at 18 months was 68% after correction versus 8%
fter palliation.
Conclusions. Cardiac surgery for congenital malforma-

ions in critically ill, low weight neonates can be
chieved with acceptable mortality, at the cost of an
ncreased morbidity. Early outcome seems independent
f age, weight, prematurity, use of extracorporeal perfu-
ion, and type of first intervention. Moreover, primary
orrection appears to result in an early survival benefit,
emaining constant over time.

(Ann Thorac Surg 2004;78:181–7)

© 2004 by The Society of Thoracic Surgeons
he New England Regional Infant Cardiac Program
revealed clearly that children with congenital heart

isease are more susceptible to have low birth weight,
ften associated to prematurity, and also that the pres-
nce of a cardiac malformation is alternately an impor-
ant cause of death among these patients [1]. Low weight
nd premature age have both been recognized as risk
actors for early mortality after cardiac surgery, support-
ng the perception that these particularly fragile babies
re too small to withstand major surgery, including the
ventual use of cardiopulmonary bypass [2, 3].
However, the combination of a complex heart disorder

nd the functional immaturity of other vital organs
akes the cardiorespiratory management of these chil-

ren extremely difficult, presenting them often for a
uest for surgery after weeks of insufficient or failed

ccepted for publication Dec 10, 2003.

ddress reprint requests to Dr Bové, Department of Cardiac Surgery, U.
. Gent, De Pintelaan 185 5K12, 9000 Gent, Belgium; e-mail:
edical therapy. Chang and colleagues [4] demonstrated
hat prolonging medical therapy to allow growth or
eight gain did not result in improved survival, yielding

hereby the eventual risk of death during medical man-
gement. Moreover, continuous progress in perfusion
echnology and perioperative treatment has encouraged
he early repair of even complex heart anomalies, now
chievable with good outcome. We reviewed our experi-
nce of an early surgical approach to these low weight
eonates with severely symptomatic congenital heart
isease and evaluated the short to intermediate term
utcome after definitive repair and palliation.

aterial and Methods

atients
rom June 1995 to January 2003, 49 infants with a weight
f less than 2,500 kg underwent surgery for a simple or
omplex congenital cardiac disease. Early surgery repre-

ented a corrective or a palliative procedure, including

0003-4975/04/$30.00
doi:10.1016/j.athoracsur.2003.12.066
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182 BOVÉ ET AL Ann Thorac Surg
CARDIAC OPERATIONS IN LOW WEIGHT NEONATES 2004;78:181–7

C
A

R
D

IO
V

A
S

C
U

L
A

R

he use of cardiopulmonary bypass when necessary.
eonates requiring ligation of an isolated patent ductus

rteriosus were excluded.
The mean birth weight was 2,079 � 420 g (range, 1,000

o 2,500 g) and raised to 2,192 � 340 g (range, 1,300 to
,500 g) at the time of surgery. Sixteen children weighed
,000 g or less at operation. The mean gestational age was
5.1 � 4.06 weeks (range, 27 to 40 weeks), and 24 patients
49%) were born prematurely ( � 37 weeks of estimated
estational age). Mean age at operation was 15.2 � 18.9
ays (range, 1 to 90 days).
The distribution of congenital heart lesions are listed in

able 1. Noncardiac malformations included a chromo-
omal disorder in 6 patients (microdeletion 22q11 in 5,
hromosome 17 deletion in 1), VACTERL association
affecting the vertebra, anus, cardiac system, trachea,
sophagus, renal function, and limbs) in 1, digestive tract
bnormalities as esophageal atresia in 4, and small intes-
inal atresia in 1, and hyaline membrane lung disease in
. Previous noncardiac surgery comprised correction of
he already mentioned digestive diseases.

Preoperatively all patients were severely ill: 26 (53%)
atients were in NYHA class III and 23 (47%) in NYHA
lass IV. Correction of the metabolic and hemodynamic
tatus required the use of intravenous prostaglandins for
uct-dependent lesions, an atrial balloon septostomy in

ransposition complexes, and the eventual administra-
ion of inotropic agents and diuretics. Additionally, me-
hanical ventilation was initiated preoperatively in 23
atients (47%).

perative Data
efinitive complete correction (� group I) was per-

ormed in 31 infants, using median sternotomy and
ardiopulmonary bypass in 23. Standard neonatal cardio-
ulmonary bypass with aortic and bicaval venous cannu-

able 1. Contribution of the Congenital Heart Diseases

entricular septal defect (VSD) 10
With coarctation 1

oarctation of aorta 7
etralogy of Fallot with/without pulmonary atresia 8
ransposition of great arteries
Simple 3
Complex with/without coarctation 4

omplete atrioventricular septal defect
With coarctation 2

ulmonary atresia with intact septum 4
otal anomalous pulmonary venous return 3

nterrupted aortic arch
With truncus arteriosus 1
With aortopulmonary window 1
With subaortic and aortic stenosis 1

ingle ventricle anomalies
Hypoplastic left heart disease 1
Tricuspid atresia and pulmonary stenosis 2
Double inlet left ventricle and pulmonary stenosis 1
ation included a Cobe roller pump and Dideco-Lilliput 1 C
embrane oxygenator (Cobe Cardiovasc. Inc., Arvada,
O) with minimal priming volume of 180 mL, moderate
emodilution (hematocrit 25% to 30%), and full-flow
erfusion at moderate hypothermia of 25°C. Cardiac
rrest was induced by 15 to 20 mL/kg antegrade cold
rystalloid cardioplegia. Deep hypothermic circulatory
rrest at 16°C was used in only 5 patients, with inter-
upted aortic arch and totally anomalous pulmonary
enous return. Deep hypothermic circulatory arrest du-
ation ranged from 10 to 43 minutes. The mean duration
f cardiopulmonary bypass was 126 � 63 minutes and the
ean aortic cross-clamp time was 62 � 32 minutes.
Coarctation repair by extended end-to-end anastomo-

is was achieved through lateral thoracotomy in 13 pa-
ients. In 8 children with isolated coarctation this proce-
ure was considered as a complete definitive repair. One
atient underwent first coarctation repair, followed by

ater elective closure of an unpalliated complete atrioven-
ricular septal defect after 3 months. In 3 children coarc-
ectomy was done as a first stage before complete correc-
ion of associated intracardiac disease. In 2 children
oarctation surgery was combined to a pulmonary artery
anding; both were included in the palliation group
onsidering the residual noncorrected cardiac lesion.

In 18 children a palliative procedure was carried out (�
roup II). This consisted of a modified Blalock-Taussig
hunt, placed through thoracotomy, in 14 patients with,
espectively, tetralogy of Fallot (n � 3), pulmonary atresia
ith VSD (n � 4), pulmonary atresia with intact septum

n � 4), and cyanotic univentricular anomalies (n � 3). A
entral shunt of 3.5 mm was preferred in a 1,600 g weight
eonate with pulmonary atresia and VSD because of the
iminutive size of the pulmonary artery branches. The
ize of the Blalock-Taussig shunts varied from 4 mm (n �
) to 5 mm (n � 7).
A pulmonary artery banding was performed, simulta-

eously with coarctation repair, for a complete atrioven-
ricular canal in an infant of 1,300 g with intractable heart
ailure, and for a complex double outlet right ventricle
ype ventricular septal defect with transposition of the
reat arteries in 1 patient with associated hypoplasia of
he left lung. Finally, a Norwood I procedure was consid-
red as a palliative procedure including the use of extra-
orporeal circulation, in 1 neonate with hypoplastic left
eart disease.

ata Collection and Analysis
erioperative data were obtained through retrospective
eview of hospital records. Outcome analysis included
arly mortality (defined as death during postoperative
ospitalization) and morbidity, focused on incidence and

ype of complications, duration of ventilation and inotro-
ic support, intensive care, and hospital stay. Cross-
ectional follow-up, including clinical status, weight evo-
ution, psychomotor development, reintervention rate,
nd late survival, was available for all patients.
Data are expressed as mean values, standard devia-

ions, and range. Comparison of categorical variables
etween two groups was performed with �2 analysis.

ontinuous variables were compared by the paired or
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npaired samples t test. A p value of less than 0.05 was
onsidered statistically significant. Actuarial survival and
reedom of reintervention analysis was done with the
aplan-Meier product limit method and log-rank evalu-
tion. Statistical processes were conducted with the SPSS
1.0 for Windows package (SPSS Inc., Chicago, IL).

esults

emographic Data
he demographic data and preoperative status of the
verall group of low weight neonates have already been
escribed above. Depending on the type of operation,

wo groups could be identified: a definitive correction
roup (I) and a palliative procedure group (II). Compar-

ng their age at operation (20.3 � 21.7 vs 6.5 � 7.1 days, p
0.02), weight at operation (2.2 � 0.3 vs 2.2 � 0.4 kg, p �

.76), and premature state (19/31 � 61% vs 6/18 � 33%, p
0.06), the neonates in whom a corrective operation was

erformed, were older despite the higher occurrence of
rematurity. However, regarding the preoperative clini-
al status, both groups were equally ill, with ventilation
eed in 14 of 31 (45%) patients of group I and in 9 of 18

50%) patients of group II (p � 0.74). The average dura-
ion of preoperative ventilation was 4.1 � 3.5 days (4.9 �
.1 day in group I vs 2.7 � 1.9 days in group II, p � 0.15).

The age difference between both groups is specifically
isease related since preoperative hemodynamic stabili-
ation is obtained more easily and more constantly by
dequate medical treatment for ventricular septal defect
r by a percutaneous atrial septostomy for transposition
omplexes. Moreover, medical therapy was first at-
empted in neonates presenting only a ventricular septal
efect as a primary cause of clinical deterioration.

arly Outcome
OSPITAL MORTALITY. Overall, there were 9 early deaths

18%); ie, 4 (13%) after definitive correction and 5 (28%)
fter palliation. In the first group, all four patients died
mmediately perioperatively, due to cardiac failure (n �
, one by myocardial infarction after arterial switch
peration, one after correction of interrupted aortic arch
nd Ross-Konno procedure), intractable pulmonary hy-
ertension in one patient with interrupted aortic arch
nd truncus arteriosus repair, and technically incorrect-
ble diffuse pulmonary venous stenoses (n � 1). These
eaths correlated to a longer cardiopulmonary bypass

ime (105.8 � 43 vs 226.3 � 43.9 minutes, p � 0.006) and
ortic cross-clamp time (55.5 � 29.7 vs 92.5 � 27.5
inutes, p � 0.06). In particular, coarctation repair was

one without mortality.
Causes of death after palliative surgery were sepsis (n
3), cerebral hemorrhage (n � 1), and low cardiac

utput and hypoxemia after a Norwood I procedure (n �
). Except for the patient with hypoplastic left heart
isease, these deaths occurred two to fourteen days
ostoperatively. Analysis of risk factors for early death

evealed that age, weight, prematurity, type of first sur- s
ical procedure, and use of cardiopulmonary bypass did
ot significantly influence the early outcome (Table 2).

arly Morbidity
inor to major complications were noticed in 26 (53%)

atients, without significant differences between both
ypes of operations (17/31 [55%] in group I vs 8/18 [44%]
n group II, p � 0.62). This included pulmonary problems
uch as pneumonia and lobe atelectasis (n � 13), low
ardiac output (n � 8), arrhythmias as atrioventricular
lock (n � 2) or junctional ectopic tachycardia (n � 2),
enal failure necessitating peritoneal dialysis (n � 2),
erebral hemorrhage (n � 2), and severe sepsis due to
ulmonary infection (n � 3) and to enterocolitis (n � 1).
ardiorespiratory complications appeared more fre-
uently after definitive correction (17/31 [55%] in group I
s 6/18 [33%] in group II, p � 0.14). However, neurologic
amage, often feared in relation to the use of extracor-
oreal perfusion in premature infants, appeared in one
atient of each group: one patient after coarctation repair
ith partial recovery and one patient after a Blalock-
aussig shunt with fatal outcome.
Early reoperation was required in 5 patients; in 2 after

orrective repair versus 3 after palliation. One child with
hone’’s syndrome who had uncomplicated coarctation
urgery, underwent a Ross-Konno procedure after un-
uccessful balloon dilatation of a complex aortic valve
tenosis. Another neonate developed early symptomatic
ecoarctation and needed surgical revision after 1 week.
eintervention after palliative surgery was needed for
arly stenosis of a shunt (n � 1), diaphragm paralysis (n

1), and recurrent atelectasis due to partial upper lobe
orsion around a Blalock-Taussig shunt (n � 1).

The postoperative ventilation time (median, 48 hours
range, 6 to 336 hours] in group I vs 18 hours [range, 4 to
08 hours] in group II, p � 0.50) and inotropic support
uration (median, 36 hours [range, 0 to 172 hours] in
roup I vs 10 hours [range, 0 to 336 hours] in group II, p

0.54) were comparable. Also, intensive care stay (me-
ian, 5 days [range, 1 to 32 days] in group I vs 3 days

range, 1 to 43 days] in group II, p � 0.90) and hospital
tay (median, 15 days [range, 5 to 86 days] in group I vs 12
ays [range, 6 to 55 days] in group II, p � 0.98) appeared

o be independent of the type of surgical procedure.

ate Outcome
omplete follow-up was available for all 40 survivors
ver an average period of 2.82 � 2.51 years, and com-
rised clinical evolution, late reintervention rate, and

able 2. Risk Factor Analysis for Early Mortality

isk Factors p Value

ge 0.19
eight 0.57

rematurity 0.66
rocedure type 0.19
se of CPB 0.66
urvival.
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linical Assessment
he majority of the surviving neonates were clinically
oing well after early operative management of their
ongenital heart disorder with 31 children in NYHA class
, and 7 children in NYHA class II. Two infants remained
n NYHA class III. Regarding the clinical neurodevelop-

ental state, obvious mental and motor retardation was
bserved in 4 children, of whom 2 were born prema-
urely. One had associated CATCH 22 chromosomal
isorder and another suffered from cerebral hemorrhagic

nfarction after coarctation repair. Additionally, the
eight evolution during the first year after primary

orrective repair as well as after palliation, showed a
rowth pattern similar to that of low birth weight infants
ot affected by a congenital heart disease (Figs 1A and
B).

ate Reinterventions
verall, 18 of the 40 survivors underwent a total number

f 20 reinterventions, after a mean delay of 8.6 � 5.3
onths. Late operation as the definitive repair of the

ardiac anomaly was mandatory in 11 of the 13 children
reated initially by palliation, resulting in two late deaths.
even infants needed reintervention after definitive cor-
ection, respectively, by a percutaneous procedure in 5
nd by a surgical method in 2. The interventional tech-
ique consisted of dilatation of recoarctation (n � 2),
ortic valve dilatation (n � 1), and relief of a pulmonary
ranch stenosis (n � 2). Late surgery in this group was
equired for recurrent anastomotic stenosis after total
nomalous pulmonary venous drainage repair and for
efinitive correction of a nonpalliated common atrioven-

ricular canal, secondary to previous coarctation repair.
oth latter procedures were performed without mortal-

ty. Actuarial freedom from reintervention was 68% at 36
onths in children undergoing definitive correction at

eonatal age, versus 8% at 18 months in those treated by
palliative procedure, which was statistically significant

p � 0.002) (Fig 2).

ate Survival
ate survival was 76% within a follow-up duration of 2
onths to 6 years. Regarding the operative procedure,

ctuarial survival at 1 year and beyond was 87% for the
efinitive correction group and 54% for the palliation
roup (p � 0.02) (Fig 3).
In group I survival remained steady over time. But, in

roup II, there were 3 late deaths after neonatal pallia-
ion. One child died at the age of 5 months, after
orrection of a palliated common atrioventricular septal
efect, and another child died due to severe residual
ystemic valve regurgitation after a Hemifontan pallia-
ion of a single ventricle anomaly. Finally, a third child,
ith palliated double outlet right ventricle and transpo-

ition of the great vessels, was lost at the age of 3 months
nd before complete repair, because of recurrent respi-
atory insufficiency in the presence of left lung

ypoplasia. t
omment

he knowledge that early restoration of a normal cardio-
ascular physiology has a beneficial effect on the postna-
al maturation of major organs such as lungs, brain, and
eart, advanced gradually the surgical correction of var-

ous congenital heart diseases towards the neonatal age.
owever, the encouraging results of neonatal cardiac

urgery can be compromised by some limiting factors.
Previous reports have suggested that low weight and

remature age are risk factors for poor outcome after
orrection of congenital heart defects [2, 3]. Additionally,

ig 1. (A) Weight evolution after corrective surgery. (B) Weight
volution after palliative surgery.
he perception that these premature infants are more
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ulnerable by associated issues such as immature lungs
nd the potential risk for cerebral hemorrhage, has
upported the belief of many neonatologists that correc-
ive surgery with the use of cardiopulmonary bypass has
o be avoided in favor of a supportive medical therapy or
urgical palliation.

However, in a study of 100 low birth weight neonates,
hang and colleagues [4] concluded that deferring an
arly intervention to promote weight gain is not recom-
ended since the outcome of a prolonged medical ther-

py does not exceed that of early surgery. Moreover,

ig 2. Actuarial freedom from reintervention.
ig 3. Actuarial survival curve after correction versus palliation.
ocusing particularly on this low weight neonatal popu-
ation, some groups reported recently that a complete
epair of even complex lesions could be achieved with an
cceptable mortality of 10% to 22% [5–7].
Our study involves a consecutive series of low weight

eonates undergoing early surgical management, either
y complete correction or by palliation. We report a 13%
ortality rate after definitive repair and found that the

se of cardiopulmonary bypass was not associated with
n increased mortality, compared to palliative proce-
ures. However, the application of extracorporeal circu-

ation enhances the cardiac and pulmonary morbidity,
esulting in a more frequent occurrence of reversible low
ardiac output state, arrhythmias, and pulmonary
omplications.

According to Reddy and colleagues [5], cardiopulmo-
ary bypass time and aortic cross-clamp time are longer

or those patients who died. Both are not considered as
isk factors for early mortality per se, but rather reflect a
igher complexity of the malformation, leading to a

echnically more demanding repair and subsequently
rolonged circulatory support.
Deep hypothermic circulatory arrest is more fre-

uently used in these very small babies, because of
echnical issues and a more convenient operating field.
resently, the application of alternative perfusion tech-
iques has allowed avoidance of the systematic use of
irculatory arrest and thereby decreases the substantial
isk of neurologic sequellae [8]. In this series, circulatory
rrest was only used for repair of interrupted aortic arch
nd associated anomalies, and intermittently for repair of
nomalous pulmonary venous return, and did not result
n adverse neurologic outcome.

Within this patient selection are included the neonates
resenting aortic coarctation as an isolated disease or in
ombination with more complex anomalies. Operative
orrection was achieved without mortality, concurring
avorably with the recently reported data (Bacha and
olleagues [9]) on coarctation repair in infants weighing
ess than 2 kg. Of course, the early outcome of corrective
rocedures is undeniably diluted by the excellent results
f coarctation repair in this population. Even after exclu-
ion of these definitive operations done without the use
f cardiopulmonary bypass, mortality rises slightly to
7%. These results encourage our policy of a two-stage
pproach with first coarctation repair through thoracot-
my, rapidly followed by correction of the intracardiac
nomalies through sternotomy. This strategy obviates the
eed for longer cardiopulmonary bypass time with the
ventual use of deep hypothermic circulatory arrest
hen correction of aortic coarctation is aimed simulta-
eously through an anterior approach. Otherwise, early
estenosis is another concern in these small infants [9],
nd occurred in three of our patients. This could be
anaged effectively by balloon dilatation in two cases. As
entioned by the same group [9], it can sometimes be

ifficult to deal with severe symptomatic residual coarc-
ation in these neonates and early surgical rerepair must
hen be considered, which we had to do in one patient.
Although it is well known that the premature neonatal
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eart is less compliant to volume overload, as induced by
systemic-pulmonary artery shunt [10], some congenital
eart defects are not amenable to primary repair, due to
natomical features. Some authors demonstrated that
erforming a palliative operation in these low weight
abies might not necessarily decrease the risk for mor-

ality, especially in disorders where a single ventricle has
o support the systemic and the pulmonary circulation
6]. In our group, mortality after a palliative procedure is
8%. Only one death was related to a univentricular
hysiologic disorder, namely a hypoplastic left heart
isease. However, determining the Norwood I operation
s a palliative or corrective procedure in this setting is
ebatable, knowing the possible difficulties for systemic

o pulmonary blood flow equilibration after the use of a
ongstanding cardiopulmonary bypass. In contrast to the
arly deaths after definitive repair, most deaths after
alliation occurred later on during the postoperative
ourse, often secondary to a progressive imbalance of
oth circulations promoted by sepsis of pulmonary or

ntestinal origin. The optimal shunt size to achieve a
table acute and chronic systemic-pulmonary blood flow
atio is not clearly defined. Even if a direct correlation
etween morbidity and mortality and the use of a larger
hunt was not apparent in this series, a 4-mm shunt
eems more appropriate in these small children.

Our palliated patient group comprised eight patients
ith tetralogy of Fallot with and without pulmonary atresia,
hich is possibly repairable in the presence of a favorable
ulmonary artery arborization. Excellent results of neonatal
orrection of this entity have already been reported, even in
ow weight neonates, but at the cost of a more frequent use
f transannular patch repair of the right ventricular outflow
ract, the risk of incomplete relief of distal pulmonary artery
tenosis, and the eventual need of a pulmonary conduit
mplantation [11, 12]. We preferred a more conservative
pproach by treating these small and severely symptomatic
atients by initial palliation, followed by complete repair
uring the first year of life. Whether this policy is justified in
omparison to primary neonatal correction in terms of
urvival and reoperation rate requires further investigation.

It is logical to assume that restoration of cardiovascular
hysiology should normalize the clinical status and
rowth of these children. Analysis of the weight evolu-
ion during the first postoperative year shows that
rowth evolution is similar to that seen in low weight
eonates without cardiac disease. This observation is

ndependent of the applied type of surgical procedure,
nd correlates with other series [5]. Moreover, although
his particular patient population is at risk for develop-

ental impairment by the low weight itself, the cardiac
isorder, the often associated syndromes, and the early
urgery including the eventual use of extracorporeal
erfusion, the clinical neuropsychological evolution in

his series seems acceptable with only one procedure
elated event. However, the application of more refined
eurodevelopmental scales could, perhaps, objectivate
ore appropriately psychomotor sequellae as has been
eported by Dittrich and colleagues [13] in a prospective
ssessment of one-year-old children after surgery for
ongenital heart disorders.

Addressing the issue of late reinterventions, it is obvi-
us that a later reoperation is mandatory in those infants
ho were initially managed by a palliative procedure,

ntailing a potential risk of late operative mortality. We
ad three late deaths in this group, two of which were
urgery related. When early complete repair was achiev-
ble, Reddy and colleagues [5] reported that the rate of
eintervention was comparable to that of operations
erformed on term neonates. In our study the late
peration rate was 26% after definitive correction and
ould be managed by a less invasive, interventional
atheter-based procedure in five of the seven infants,
ithout mortality. These late observations finally result

n a significant difference in late survival between the
efinitive repair group and the palliation group. But
ore interesting is the finding that the survival after

nitial corrective surgery remained constant, once these
hildren had undergone their first operation successfully.

However, this study carries the limitations related to its
etrospective character and the large heterogeneity of the
nvolved congenital heart defects. Dividing this patient
opulation in groups according to the primary surgical
rocedure, correction versus palliation, troubles un-
oubtedly the interpretation of the results. The nature of

he cardiac disease can be such that effective palliation is
onexistent (eg, interrupted aortic arch) or that specific
natomical barriers exclude primary definitive repair (eg,
ingle ventricle hearts). Also, the policy to treat some
pecific diseases preferentially in a staged fashion may
urther bias the final conclusions. From this point of view,
oncluding that primary definitive correction should be
ursued because of the advantage on survival might be

oo simple. Even if one intuitively believes that the risk of
arly surgery is promoted by the prematurity and low
eight, compared to a normal neonatal population, it

eems to us that rather the complexity of the cardiac
isease and its secondary physiologic disturbance are
ore relevant to the outcome. This is emphasized by the

act that age, weight, prematurity, type of initial operative
rocedure, and use of cardiopulmonary bypass were not

dentified as risk factors for early death.
Based on these results, we feel encouraged that an

arly surgical approach in this particular subset of low
eight neonates with critical heart disease can be per-

ormed with acceptable early outcome, but at the cost of
onsiderable morbidity. In the presence of favorable
natomical features, the low weight and prematurity per
e should not preclude the attempt for complete correc-
ion with the use of cardiopulmonary bypass, in favor of

prolonged medical therapy or eventual palliative pro-
edure. Moreover, successful primary complete repair of
ven complex malformations appears to result in an early
urvival benefit that remains constant over time.

eferences

1. Fyler D. Report of the New England Regional Infant Cardiac

Program. Pediatrics 1980;65:377–461.



1

1

1

1

S
M
T
S
2

T
c
a
p

n
l
b

S

187Ann Thorac Surg BOVÉ ET AL
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