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bjective: This interprovincial inception cohort study explores early childhood
utcomes and their operative and perioperative predictors after total anomalous
ulmonary venous connection repair, simple (patent ductus arteriosus, atrial septal
efect, or both) or complex (any associated major cardiac anomalies).

ethods: From 1996 through 2004, a total of 41 consecutive neonates with total
nomalous pulmonary venous connection underwent complete repair with deep
ypothermic circulatory arrest. Multidisciplinary health and neurodevelopmental
utcomes (Bayley Scales of Infant Development II [1993], Mental and Psychomotor
evelopmental Indices) were assessed at 18 to 24 months of age. Regression

nalyses explored potentially modifiable predictors of outcome.

esults: Survival after simple total anomalous pulmonary venous connection repair
as 31 of 32 (97%); that after complex repair was 3 of 9 (33%). Relative risk of
eath was higher for complex (21.3) and obstructive (8.4) total anomalous pulmo-
ary venous connections. Those who died had longer deep hypothermic circulatory
rrest times (P � .001). For 34 survivors, Mental Developmental Index was 87 �
6 and Psychomotor Developmental Index was 89 � 13. Among survivors, 24.6%
f variability in Mental Developmental Index was explained by its linear relation-
hip with socioeconomic status, whereas 35.5% of variability in Psychomotor
evelopmental Index was explained by its linear relationship with weight at surgery

nd highest plasma lactate level after surgery. North American native peoples made
p 38% of survivors, a higher than expected number.

onclusion: Mean developmental scores were in the low average range of normative
ata. Socioeconomic factors predicted mental outcome. High postoperative lactate
evel on day 1 predicted low motor scores. Other potentially modifiable variables
ill need to be explored. Further epidemiologic study relating race to occurrence of

otal anomalous pulmonary venous connection is suggested. Early neurodevelop-
ental assessment is recommended.

otal anomalous pulmonary venous connection (TAPVC) accounts for ap-
proximately 2% of congenital heart disease.1-4 Reported mortality for simple
TAPVC is 4.9% to 6.8%,5,6 whereas that for complex TAPVC with other

ssociated cardiac anomalies is greater than 50%.7 Survivors after simple TAPVC
epair have good long-term school attendance and employment.8 Parental reports
uggest good general health, with 69% of survivors having average or above school
erformance.9 School-aged assessments report full-scale and verbal intelligence to

e similar to population norms, but survivors have reduced performance scores,
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isual–motor integration, and fine motor skills.10 Little has
een published about early childhood neurodevelopmental
utcomes after TAPVC repair.

There is increasing awareness of the importance of as-
essing neurodevelopmental outcomes after neonatal car-
iac surgery for complex congenital heart disease, and
echanisms for adverse outcomes have been proposed.11

ssessments after neonatal cardiac surgery allow stan-
ardized results of neurodevelopmental outcomes and
dentification of those needing early childhood educa-
ional interventions.12

The objectives of this study were to describe the 18- to
4-month health, growth, and neurodevelopmental out-
omes for all infants 6 weeks or younger undergoing intra-
ardiac repair for simple (patent ductus arteriosus, atrial
eptal defect, or both) or complex (other associated major
ardiac anomalies) TAPVC and to explore the proportions
f variability in outcomes explained by demographic, oper-
tive, and perioperative variables.

aterials and Methods
his interprovincial inception cohort outcomes study was con-
ucted in three provinces in Western Canada. As previously de-
cribed,13,14 from September 1996 through August 2004, infants 6
eeks or younger were identified at time of surgery for TAPVC

simple and complex). Surgery was performed at the Stollery
hildren’s Hospital, Edmonton, Alberta, Canada. Although report-

ng outcomes for those with simple TAPVC only would provide a
leaner study, there is need for information about those with
omplex abnormalities. Data for both simple and complex TAPVC
re therefore given.

The operative management for the repair of TAPVC at our
nstitution during this time was to cool the patient’s blood to 20°C
r lower for a minimum of 20 minutes before deep hypothermic
irculatory arrest. We report here both the lowest blood tempera-
ure immediately before deep hypothermic circulatory arrest (in
C) and the lowest rectal temperature on cardiopulmonary bypass
or longer than 10 minutes (also in °C). A modified pH-stat cooling
trategy was used. The hematocrit during cooling for this cohort
as greater than 0.20L, whereas current levels are greater than
.25L. Preoperative, intraoperative, and postoperative variables
hat had been agreed on previously were collected prospectively
nd have been described elsewhere.13,14 Of particular interest was
lasma lactate level as an indicator of outcome; levels were reg-

Abbreviations and Acronyms
MDI � Bayley Scales of Infant Development II

Mental Developmental Index
PDI � Bayley Scales of Infant Development II

Psychomotor Developmental Index
TAPVC � total anomalous pulmonary venous

connection
larly measured twice daily as part of clinical management as well w

06 The Journal of Thoracic and Cardiovascular Surgery ● Apri
s obtained routinely with blood gas values. Long-term follow-up
as discussed with parents or guardians once survival was prob-

ble. With appropriate consent, contact was made with the respec-
ive follow-up clinic at the tertiary site of origin.

ubjects
ll 41 consecutive patients admitted with TAPVC from September
996 through August 2004—28 (68%) boys, 28 (68%) referred
rom out of region, and 14 (34%) North American native
eoples—were registered. There were no exclusions to enrollment.
ll 34 survivors (31 with simple TAPVC and 3 with complex)

eceived multidisciplinary neurodevelopmental assessments
hrough existing neonatal follow-up clinics: 25 (74%) in Calgary,
lberta, Regina and Saskatoon, Saskatchewan, or Winnipeg,
anitoba, and 9 (26%) at the Neonatal and Infant Follow-up
linic at the Glenrose Rehabilitation Hospital, Edmonton, Alberta.
thics board approvals were obtained from each site before onset
f the study. All parents or guardians signed individual consent
orms.

arly Childhood Assessments
utcomes assessment was completed at 18 to 24 months (mean 21
onths). At assessment, a research nurse recorded history of

ospitalizations, illnesses, medication use, and need for supple-
ental oxygen. Physical measurements were obtained as described

reviously.13,14 The family socioeconomic status was determined
ccording to the Blishen Index, a formula that considers the
elative income, education requirement, and prestige factor of
mployment with a population mean (� SD) of 43 � 13.15

aternal education was indicated by years of schooling. Race was
oded according to National Institutes of Health specifications.16

ediatricians experienced in neurodevelopmental follow-up exam-
ned each child for evidence of cerebral palsy17 or visual impair-
ent, defined as corrected visual acuity in the better eye worse

han 20/60.13,14 Hearing was evaluated by experienced certified
ediatric audiologists in soundproof environments as described
lsewhere.13,14 Hearing impairment was defined as binaural or
ilateral sensorineural hearing loss greater than 40 dB at any
requency from 250 to 4000 Hz.13,14 Certified pediatric psychol-
gists and psychometrists administered The Bayley Scales of
nfant Development II,18 a widely accepted standardized outcome
easure used in neonatal follow-up clinics that yields separate
ental Developmental Index (MDI) and Psychomotor Develop-
ental Index (PDI) scores, each with a mean of 100 and SD of 15.
evelopmental indices lower than 70 (2 SD below mean) indicated
ental or motor delay.

tatistical Analysis
escriptive variables for outcomes were analyzed with the univar-

ate t test, �2 test, and Fisher exact test (2-sided) analyses. Bon-
erroni correction was applied. The relative risk for death was
alculated. Sequential stepwise multiple regressions for variables
rom each of the five stages—preoperative, operative, postopera-
ive day 1, postoperative days 2 to 5, and postoperative days 6 and
fter—were used to explore the overall greatest proportion of
utcome explained by a combination of predictors to a significance
evel of .05. Because numbers of survivors with complex TAPVC

ere small, analysis of variables predictive of outcome for this

l 2007
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roup could not be completed separately. SPSS version 12.0 for
indows (SPSS, Inc, Chicago, Ill) was used for analyses.

esults
f the 41 children, 32 had simple TAPVC (14 supracardiac,
5 infracardiac, 1 cardiac, and 2 mixed; 11 obstructive and 21
ot obstructed) and 9 had complex TAPVC (3 supracardiac, 4
nfracardiac, and 2 mixed; 6 obstructive and 3 not ob-
tructed). Table E1 gives the anatomic diagnoses of the 9
nfants with complex TAPVC.

The anatomic and operative variables for all 41 infants
ndergoing repair (32 simple, 9 complex) at 6 weeks or
ounger are given in Table 1. The relative risks for death
mong the 41 children were as follows: complex TAPVC,
1.3, and obstructive anatomy, 8.4. Of the 7 children who
ied, all were boys, 6 had complex TAPVC, 6 had obstruc-
ion, 2 had supracardiac TAPVC, 3 had mixed TAPVC, and

received postoperative extracorporeal membrane oxygen-
tion. The child with simple TAPVC who died had associ-
ted bilateral pulmonary artery stenosis and disseminated
ntravascular coagulation. Of the patients with complex
APVC, 4 died with multiple organ dysfunction, 1 with
eptic shock, and 1 with pulmonary hypertension. Six died
n the hospital at 8 to 144 days post-operatively; the single
ate out-of-hospital death occurred at 63 postoperative days.

Table E2 shows the descriptive variables for the 34
urviving children, 31 with simple TAPVC and 3 with
omplex. The mean � SD levels of plasma lactate for all
urviving children for the time periods were as follows:

ABLE 1. Descriptive anatomic and operative characteristic
or total anomalous pulmonary venous connection

escriptor

omplex total anomalous pulmonary venous connection (No.)
ale sex (No.)

natomy (No.)
Supracardiac
Infracardiac
Cardiac
Mixed
Obstructive

PB time (min, mean � SD)
owest mean arterial pressure on CPB for �10 min (mm Hg,

mean � SD)
owest flow on CPB for �10 min (mL/[kg · min], mean � SD)
owest rectal temperature for �10 min on CPB (°C, mean � SD)
owest blood temperature immediately before DHCA (°C, mean

� SD)
rossclamp time (min, mean � SD)
HCA time (min, mean � SD)

fter Bonferroni correction, only differences of �.005 remain significant.
reoperatively, 2.5 � 2.0 mmol/L (range 0.8-8.4 mmol/L); N

The Journal of Thoracic
rst 24 hours postoperatively, 6.2 � 3.3 mmol/L (range
.8-14.2 mmol/L); days 2 through 5 postoperatively, 3.5 �
.1 mmol/L (range 1.0-12.6 mmol/L); and day 6 and later
ostoperatively, 1.3 � 0.45 mmol/L (range 0.1-2.5 mmol/L).
he highest plasma lactate level for each child occurred
ithin 24 hours after surgery, except for 1 child with a level
f 8.4 mmol/L before surgery, normal levels postopera-
ively, and a normal outcome. There were 7 of 34 children
21%) with plasma lactate levels on day 1 elevated by at
east 1 SD for that period (�9.5 mmol/L). After Bonferroni
orrection, no differences were seen for demographic, pre-
perative, operative, or postoperative variables. Children
ith a racial background described by National Institutes of
ealth classification16 as of North American native peoples
ade up 13 (38%) of the 34 assessed. Of these 13 children,

nfracardiac anatomy occurred in 8 (61.5%) and obstruction
n 5 (38.5%). There were no statistically significant dif-
erences, however, in anatomic, operative, or periopera-
ive variables between North American native and white
hildren.

Growth and health outcomes for 34 survivors are described
n Table 2. No child had ongoing hypoxia or known episodes
f desaturation. The majority of hospitalizations and doctor
isits were for pulmonary illnesses. Race, socioeconomic sta-
us, mother’s schooling, and location of family home did not
ffect growth and health outcomes (data not shown).

There were no cases of cerebral palsy, visual impair-
ent, or sensorineural hearing loss among the 34 survivors.

41 infants 6 weeks or younger undergoing complete repair

Total
(n � 41)

Survivors
(n � 34)

Deaths
(n � 7)

�2 or 2-sided
t test P value

9 (21.9%) 3 (8.8%) 6 (85.7%) 20.032 �.001
28 (68%) 21 (61.8%) 7 (100%) 3.919 .048

10.598 .014
17 (41.5%) 15 (44.1%) 2 (28.6%)
19 (46.3%) 17 (50.0%) 2 (28.6%)
1 (2.4%) 1 (2.9%) 0 (0%)
4 (9.8%) 1 (2.9%) 3 (42.9%)

17 (41.5%) 11 (32.4%) 6 (85.7%) 6.810 .009
70 � 30 64 � 22 100 � 48 �1.967 .083
24 � 7 24 � 7 25 � 7 �0.439 .663

129 � 23 129 � 24 128 � 23 0.166 .869
24.3 � 3.1 24.2 � 3.2 24.9 � 2.4 �0.571 .571

19 � 2.4 19 � 3.3 20 � 2.8 �1.444 .157

37 � 18 36 � 16 48 � 19 �2.004 .052
29 � 11 27 � 9 41 � 14 �3.408 .002

Cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest.
s of
o survivors were considered medically fragile, defined as

and Cardiovascular Surgery ● Volume 133, Number 4 907
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equiring long-term hospitalization or in-home nursing care.
ne child with simple TAPVC had cat-eye syndrome;
rowth and developmental scores were not in the delayed
ange. No other child had a chromosomal abnormality or
eurologic syndrome. Mean scores for the 34 survivors
ere as follows: MDI 87 � 16 and PDI 89 � 13. MDI

cores did not differ in relation to TAPVC anatomic com-
lexity (simple 87 � 16 vs complex 84 � 9, t � 0.362, P �
2). Although there were almost 14 points of difference on
DI scores between the 31 children with simple TAPVC
nd the 3 with complex TAPVC, the small number of
hildren in the latter group resulted in no significant differ-
nce in the scores (simple 91 � 13.1 vs complex 77 � 8,
� 1.642, P � .110). Scores show a shift to the left relative

o population norms of 100 � 15. The distributions of
eurodevelopmental scores for survivors of simple and
omplex TAPVC repair are seen in Figure 1.

Among the 34 survivors with TAPVC, 5 had delays
scores �70) according to the MDI, PDI, or both. In the
imple TAPVC group, 4 of 31 infants (13%) had MDI
cores lower than 70, and 2 (7%) had PDI scores lower than
0. None of the 3 children in the complex TAPVC group had
cores lower than 70. With all variables listed in Table E2,
omparisons were made between children with scores of at
east 70 and children with delays. The only significant
ifferences (P � .05) found were as follows: weight at
urgery, not delayed 3.6 � 0.62 versus delayed 2.9 � 0.37;
eight in kilograms, t � 2.372, P � .024; and lowest flow
n cardiopulmonary bypass for longer than 10 minutes,
ot delayed 127.9 � 27.6 versus delayed 145 � 11.2
L/(kg · min), t � �2.708, P � .019. With Bonferroni

orrection, there were no longer any significance differ-

ABLE 2. Growth and general health outcomes at 18 to 24
onths of 34 survivors in relation to anatomic complexity

f heart defect after total anomalous pulmonary venous
onnection repair

ariable
Total

(n � 34)
Simple

(n � 31)
Complex
(n � 3)

ength �3rd percentile 0 (0%) 0 (0%) 0 (0%)
eight �3rd percentile 1 (3%) 1 (3%) 0 (0%)
icrocephaly 0 (0%) 0 (0%) 0 (0%)

astrostomy feeds 2 (6%) 2 (7%) 0 (0%)
ospitalization after initial
discharge

18 (53%) 18 (58%) 0 (0%)

isited doctor (except checkup) 29 (85%) 27 (87%) 2 (67%)
upplemental oxygen 0 (0%) 0 (0%) 0 (0%)
hronic pulmonary medication 6 (18%) 5 (16%) 1 (33%)
hronic cardiac medication 3 (9%) 2 (7%) 1 (33%)
racheostomy 1 (3%) 1 (3%) 0 (0%)

ll values represent numbers and percentages of patients. Analyses not
one because of low numbers within complex cardiac anomaly group.
nces. Similarly, considering only the 31 patients with sim- s

08 The Journal of Thoracic and Cardiovascular Surgery ● Apri
le TAPVC, there were no significant differences between
hildren with scores above and below 70.

All variables from Table E2 with a correlation (P � .10)
ith MDI or PDI for all 34 survivors are shown in Table 3,
rst for all 34 survivors and then for the 31 survivors with
imple TAPVC. Stepwise multiple regressions were used to
etermine combinations of variables predictive of MDI and
DI for all 34 survivors. Only those variables of signifi-
ance (P � .05) from Table 3 were entered for each regres-
ion. The only variable to contribute to MDI was socioeco-
omic status, which explained 24.6% of the variability
slope 0.535, SE 0.166, t � 3.227, P � .003). The only
ariables to contribute to the variability of PDI were weight
t surgery, which explained 25.1% (slope 8.600, SE 3.746,
� 2.296, P � .029), and highest plasma lactate on day 1,
hich contributed another 10.4% to the variability of PDI, for
combined 35.5% explained variability (slope 1.432, SE

.675, t � 2.121, P � .043). Repeating the correlations of
redictor variables with MDI and PDI for the 31 survivors
fter simple TAPVC resulted in the same variables showing

igure 1. Distribution of individual 18- to 24-month mental and
sychomotor developmental indices for 34 survivors (open circles
or 31 simple and closed circles for 3 complex) after total anom-
lous pulmonary venous connection repair (TAPVC) at 6 weeks or
ounger, with broken line indicating mean scores after simple
epair and solid line indicating mean scores after complex repair.

DI, Bayley Scales of Infant Development II (1993) Mental De-
elopmental Index; PDI, Bayley Scales of Infant Development II
1993) Psychomotor Developmental Index.
ignificance (P � .1; Table 3). The results of the stepwise

l 2007
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ultiple regressions were also similar. Socioeconomic sta-
us explained 24.3% of the variability of MDI (slope 0.654;
E 0.156; t � 4.196; P � .001). For PDI, weight at surgery
xplained 22.6% of the variability; highest plasma lactate
n day 1 contributed another 8.5%, for a total of 31.1% of
he variability explained (slope 1.416; SE 0.645; t � 2.196;

� .036).
Because of the large proportion of the variability in MDI

xplained by socioeconomic status, correlations between
his predictor variable and other demographic variables
ere completed for 34 children. Significant univariate cor-

elations of socioeconomic status were mother’s schooling
r � 0.776, P � .001) and race (r � 0.616, P � .001).

iscussion
his is the first report of early childhood outcomes of
tandardized neurodevelopmental assessment for survivors
fter early infant TAPVC repair. This indication in early

ABLE 3. Two-tailed Pearson product–moment correlation
elation to developmental indices for all 34 survivors aft
ulmonary venous connection and for those 31 with simpl

redictor variables

All asse

MDI

r P value

emographic
Socioeconomic index 0.496 .003
Mother’s schooling (y) 0.397 .020
Race 0.340 .049
Weight at surgery — —

reoperative
Highest oxygenation index — —
Highest creatinine (�mol/L) — —

ostoperative day 1
Highest plasma lactate (mmol/L) — —
Highest creatinine (�mol/L) — —

ostoperative days 2-5
Highest dopamine used (�g/[kg · min]) — —
Lowest base deficit (mmol/L) — —

verall
Dialysis used �0.374 .055

ariables that had no correlation (P � .1) with either Mental or Psychomoto
nd include demographic variables of 2-parent family, English as first langu
core, gestational age at birth, and age at surgery; operative variables of
inutes on cardiopulmonary bypass, lowest flow on cardiopulmonary

ardiopulmonary bypass for more than 10 minutes, lowest blood temperat
eep hypothermic circulatory arrest time, and repeated cardiopulmonary by
H; preoperative variables of lowest base deficit, highest dopamine us
entilation; postoperative, day 1 variables of highest dopamine used, lowe
ostoperative days 2 through 5 variables of lowest PaO2, lowest arterial pH,
ay 6 variables listed in Table 2; and overall variables of duration of hospital
nd need for cardiopulmonary resuscitation. MDI, Bayley Scales of Infa
evelopment II Psychomotor Developmental Index; CPB, cardiopulmonary
hildhood of the need for early developmental and edu- i

The Journal of Thoracic
ational intervention supports previous recommendations
hat early intervention would benefit some children with
APVC repair.10 Kirshbom and colleagues9 initially re-
orted that most school-aged survivors of simple TAPVC
an expect good functional outcomes, with 69% having
verage to above average school performance according to
arent questionnaires. The need for educational support of
APVC survivors was shown in a later study that used
ge-appropriate standardized tests; Kirshbom and associ-
tes10 reported that 58% of the 6- to 19 year- old- children
ad delays in one or more domains tested: performance
ntelligence, mathematics achievement, attention, fine motor
unction, and visual motor integration. Through the early iden-
ification of children at risk for these school-related difficulties
nd the provision of educational intervention as indicated, we
ope to be able to reduce adverse outcomes.10,12

Direct comparisons between a developmental test for 18-
o 24-month-old children, as we have done, and formal

with P values of less than .10 for predictor variables in
omplete repair at 6 weeks or older for total anomalous
atomy
(n � 34) Simple (n � 31)

PDI MDI PDI

r P value r P value r P value

— — 0.518 .003 — —
— — 0.392 .029 — —
— — 0.372 .040 — —
0.496 .003 — — 0.501 .003

�0.347 .054 — — 0.332 .068
�0.315 .070 — — �0.340 .061

�0.468 .005 — — 0.456 .010
�0.369 .032 — — �0.409 .022

�0.367 .033 — — 0.379 .036
0.299 .097 — — 0.362 .054

�0.332 .091 0.374 .055 0.332 .091

elopmental Index for all assessed or for the 31 simple cases are not given
ocation, sex, cardiac and obstructive anatomy, complexity, 5-minute Apgar
opulmonary bypass time, lowest mean arterial pressure for more than 10
ss for more than 10 minutes, lowest rectal temperature (°C) during
mediately before deep hypothermic circulatory arrest, crossclamp time,

in operating room; variables at any time of lowest PaO2 and lowest arterial
west PaO2, lowest arterial pH, highest plasma lactate, and duration of
2, lowest base deficit, lowest arterial pH, and highest oxygenation index;

st lactate, highest creatinine, and highest oxygenation index; postoperative
n, duration of ventilation, time sternum was open, presence of convulsions,
velopment II Mental Developmental Index; PDI, Bayley Scales of Infant
ss.
s (r)
er c
e an
ssed

r Dev
age, l
cardi
bypa

ure im
pass

ed, lo
st PaO

highe
izatio
nt De
ntellectual testing for school-aged children, as reported by

and Cardiovascular Surgery ● Volume 133, Number 4 909



K
t
s
r
a
d
t
r
f
p
d
f
p

b
s
m
t
a
t
l
p
h
m
g
m
h
o
i
o
h

c
d
u
t
w
n
M
o
s
d
s
c
p
v
c
i
T
n
t
v
a

t
2
e
w
m
w
r
i
D
m
i
c
c
s
g
o
a
a
M
n
t

p
a
t
I
n
g
i
g
T
t
3
c
s
a

h
d
p
a
a
1
o
n
u
o

f
c
s

Surgery for Congenital Heart Disease Alton et al

9

CH
D

irshbom and associates,10 cannot be completed because of
he different ages of the children and the low socioeconomic
tatus found in our population. For those surviving after
epair of simple TAPVC, Kirshbom found the verbal IQ at
median of 11 years for 30 children to be 98.6 � 20.2, not
iffering from population norms. For the comparable ana-
omic lesion, the MDI mean score for our 31 children after
epair of simple TAPVC was 87 � 16. Mean motor score
or our 31 survivors of simple TAPVC, 91 � 13, was below
opulation norms. Although we cannot compare our data
irectly with those of Kirshbom and associates,10 the per-
ormance IQ of children in that study was also below
opulation normative data.

The lack of prediction of low mental scores in our study
eyond unmodifiable variables related to socioeconomic
tatus suggests that further exploration of other variables
ight be of benefit. Modifiable predictive variables of men-

al scores after TAPVC may yet be identified and should be
priority for future research. Our study identifies the po-

entially modifiable predictor of PDI to be higher plasma
actate within the first 24 hours after surgery. We have
reviously shown that postoperative plasma lactate may
elp to differentiate developmental outcomes.19 Delayed
otor scores occurred in the simple and complex TAPVC

roups, supporting the literature that documents lower fine
otor and performance scores in this population.10 We have

ad similar findings in survivors after surgery for transposition
f the great arteries.14 The particularly low mean motor score
n our 3 children with complex anatomy, 77 � 8, is similar to
ur findings in a previous study of 16 children after surgery for
ypoplastic left heart syndrome (68 � 19).13

The important role of socioeconomic status in the out-
omes of infants with congenital heart surgery has been
ocumented previously.20-23 We sought factors that contrib-
ted to the lower socioeconomic status in this study: ma-
ernal education level and race were associated; however,
e have not identified all contributing variables. The sig-
ificant predictive value of socioeconomic status for the
DI in this study is in contrast to our previous publication

n development after arterial switch operation, in which
ocioeconomic status and mother’s education did not pre-
ict outcome.14 Although it is common in the literature for
ocioeconomic status to relate to the developmental out-
ome of young children, it is unusual for it to be the only
redictor. The usual method of addressing the effect of wide
ariations of socioeconomic status affecting outcome is to
ontrol for this variable.24,25 Such control was not possible
n this outcome study. A combination of postsurgical
APVC and low socioeconomic status strongly predicted
eurodevelopmental delay. We recommend early interven-
ion and education for all children with delays. Early indi-
idual assessment helps to identify children in need of

dditional neurodevelopmental or educational help. T

10 The Journal of Thoracic and Cardiovascular Surgery ● Apri
We used The Bayley Scales of Infant Development II18

o assess the developmental level of these survivors at 18 to
4 months because this commonly used tool provides ben-
fit to the children by outlining developmental strengths and
eaknesses, thus assisting in planning individual develop-
ental intervention as required. With this test, correlations
ith later outcome are best for the oldest children within the

ange of the test, which is up to 42 months of age. It is
mportant to point out that The Bayley Scales of Infant
evelopment II18 is not an intelligence test. Severe delay of
ore than 3 SD below mean on mental developmental tests

s associated with a persistent mental delay.26 After neonatal
ardiac surgery, there have been few long-term studies done
omparing developmental testing with intelligence testing at
chool age, but one study after repair of transposition of the
reat arteries suggested 1-year developmental testing had
nly modest correlation with later performance. We plan to
ssess these children at 5 years. Thus far, only 13 have been
ssessed. The Pearson product correlation (2-sided) of the
DI with full-scale intelligence is 0.663. Further testing is

eeded, however, to determine the utility of developmental
ests in young children after neonatal intracardiac repair.

Fifty-eight percent of our 34 children with TAPVC re-
air required rehospitalization, whereas 9% of 82 children
fter the arterial switch operation,14 from this site and under
he same system of medical care, required rehospitalization.
n this study, these hospitalizations were largely for pulmo-
ary illnesses regardless of demographic background, sug-
esting that children after TAPVC repair require close med-
cal follow-up for pulmonary complications. These patients’
eneral health was good, as supported by other studies.8-10

here was no microcephaly reported in our study, in con-
rast to 28% reported by Kirshbom and associates10 and
0% in a population of young children of similar age after
omplex heart surgery of several types.27 One child with
imple TAPVC and a weight less than the 3rd percentile had
gastrostomy tube.
Our study of consecutive admissions to our regional

eart center with TAPVC shows a high incidence of chil-
ren of native peoples (14 of 41 children, 34%). This
roportion of native children is 3.6 times higher than that
mong our population of children 6 weeks or younger with
ll types of severe complex cardiac anomalies cared for in
996 through 1999 and previously published.13 This finding
f a higher than expected incidence of TAPVC among
ative Canadians has been previously described.28 We were
nable to show that native children had more complicated
perative or perioperative periods.

One of the major strengths of this study is its 100%
ollow-up of all survivors and accountability for all 41
hildren that underwent surgery. The major limitation to our
tudy is the small number of survivors with complex

APVC. This precluded the ability to test modifiable vari-

l 2007



a
b
a

C
A
c
o
m
t
m
p
e
f
d
l
w

i
t
c
s
n
L

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

Alton et al Surgery for Congenital Heart Disease

CH
D

bles in that group. In addition, the significantly large num-
er of subjects with low socioeconomic status may have
cted to limit the determination of predictive variables.

onclusions
n increased survival of children with TAPVC during re-

ent decades suggests a need to enhance our understanding
f their neurodevelopmental outcomes. We strongly recom-
end that children who have been treated for this life-

hreatening condition undergo early developmental assess-
ents that may assist in planning early intervention

rograms to enhance their future skills. In this study, after
valuation of a wide variety of predictor variables, we found
ew modifiable predictors, suggesting that alternative pre-
ictors should be sought. The observation of a high preva-
ence of TAPVC among North American native peoples
arrants further epidemiologic study.

We thank the families of these children for their active partic-
pation in the developmental sites across Western Canada and for
heir commitment to this project. We sincerely thank the research
oordinators who made this research study possible: H. Christian-
on and D. Anseeuw-Deeks, Calgary, Alberta, V. Debooy, Win-
ipeg, Manitoba, T. Martindale, Saskatoon, Saskatchewan, and
. Sanders, Edmonton, Alberta.
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ABLE E1. Anatomic diagnoses of the 9 infants with complex total anomalous pulmonary venous connection

ase
Pulmonary vein stenosis

or atresia
Double-outlet
right ventricle

VSD, multiple
VSDs

Mitral valve
obstruction

Atrioventricular
canal

Aortic
stenosis

Pulmonary arterial
stenosis Dextrocardia

1 Yes Yes
2 Yes Yes
3 Yes
4 Yes Yes
5 Yes Yes
6*† Yes Yes Yes
7* Yes Yes
8* Yes Yes
9 Yes

SD, Ventricular septal defect. *Surviving at 2 years. †Reintervention for bidirectional cavopulmonary anastomoses at 13 months.
11.e1 The Journal of Thoracic and Cardiovascular Surgery ● April 2007
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ABLE E2. Demographic, operative, and perioperative descriptors for surviving 34 infants after surgery at 6 weeks or
ounger for total anomalous pulmonary venous connection mean (SD), n (%)

Total
(n � 34)

Simple
(n � 31)

Complex
(n � 3)

Statistical
test*

P
value

emographic
Socioeconomic index† (mean � SD) 38.6 � 14.6 37.6 � 14.7 48.7 � 9.1 �1.272 .213
Mother’s schooling (y, mean � SD) 12.3 � 3.1 12.3 � 3.2 12.7 � 2.1 �0.214 .852
Two-parent family 26 (77%) 23 (74%) 3 (100%) — .603
English as first language 30 (88%) 28 (90%) 2 (67%) — .322
Race — .27

White 20 (59%) 18 (58%) 2 (67%)
Asian 1 (3%) 0 (0%) 1 (33%)
North American native 13 (38%) 13 (42%) 0 (0%)

Location 2.606 .919
Large city (�100,000) 15 (44%) 13 (42%) 2 (67%)
Town (1000-30,000) 13 (38%) 12 (39%) 1 (33%)
Farm or village (�1000) 6 (18%) 6 (19%) 0 (0%)

Male sex 21 (62%) 19 (61%) 2 (67%) — 1
Apgar score at 5 min (mean � SD) 8.3 � 0.97 8.2 � 0.95 9.3 � 0.58 �2.033 .05

irth gestation (wk, mean � SD) 39.2 � 1.7 39 � 2 40 � 2 0.491 .627
reoperative

Age at surgery (d, mean � SD) 15 � 15 15 � 14 15 � 19 �0.006 .995
Body weight at surgery (g, mean � SD) 3.5 � 6.1 3.5 � 0.64 3.4 � 0.26 0.426 .673
Supracardiac anatomy 15 (44%) 14 (45%) 1 (33%) — �.999
Obstructive anatomy 11 (32%) 10 (32%) 1 (33%) — �.999
Highest dopamine used (�g/[kg · min], mean � SD) 2.7 � 5.6 2.7 � 5.7 3.3 � 5.8 �0.196 .846
Epinephrine used 4 (12%) 4 (13%) 0 (0%) — �.999
Lowest PaO2 (mm Hg, mean � SD) 41.2 � 15.2 41.6 � 15.8 37.0 � 5.3 0.493 .625
Lowest base deficit (mmol/L, mean � SD) �2.8 � 4.2 �2.6 � 4.4 �4.7 � 0.6 0.796 .433
Lowest arterial pH (mean � SD) 7.33 � 0.09 7.33 � 0.1 7.34 � 0.05 �0.100 .921
Highest plasma lactate (mmol/L, mean � SD) 2.5 � 2.0 2.6 � 2.1 1.8 � 0.8 0.624 .537
Highest serum creatinine (�mol/L, mean � SD) 61.4 � 2.7 60.8 � 21.9 68.3 � 34.1 �0.545 .589
Highest oxygenation index (mean � SD) 14.3 � 19.6 15.0 � 20 7 � 1.7 0.667 .510
Duration of ventilation (d, mean � SD) 2.1 � 3.3 1.5 � 1.7 8.3 � 8.5 �1.399 .296

perative
CPB time (min, mean � SD) 63.8 � 21.5 59.4 � 13.9 109 � 37.3 �2.289 .146
Lowest mean arterial pressure on CPB for �10 min

(mm Hg, mean � SD)
24.2 � 6.9 24.6 � 6.6 20.3 � 10.5 1.007 .322

Lowest flow on CPB for �10 min (mL/[kg · min], mean � SD) 129.5 � 23.6 132 � 21.8 100 � 25 2.432 .021
Lowest rectal temperature for �10 min on CPB (°C, mean � SD) 24.2 � 3.2 24.4 � 3.2 22.3 � 2.6 1.096 .281
Lowest blood temperature immediately before DHCA

(°C, mean � SD)
19.0 � 2.3 19.1 � 2.4 18.4 � 1.5 0.510 .614

Crossclamp time (min, mean � SD) 34.5 � 15.7 31.7 � 8.1 63 � 41.7 �1.297 .323
DHCA time (min, mean � SD) 27 � 8.7 27.1 � 7.9 26 � 17.6 .107 .924
Repeat CPB in operating room 2 (6%) 2 (6%) 0 (0%) — �.999

ostoperative day 1
Highest dopamine used (�g/[kg · min], mean � SD) 6.8 � 6.4 6.7 � 6.6 8.3 � 2.9 �0.424 .674
Lowest PaO2 (mm Hg, mean � SD) 73.2 � 52.5 74.6 � 54.6 59.3 � 21.9 0.474 .639
Lowest base deficit (mmol/L, mean � SD) �1.0 � 3.5 �1.1 � 10.3 �0.67 � 4.0 �0.184 .855
Lowest arterial pH (mean � SD) 7.37 � 0.07 7.33 � 0.07 7.29 � 0.1 1.079 .289
Highest plasma lactate (mmol/L, mean � SD) 6.2 � 3.3 6.3 � 3.4 5.2 � 1.6 0.568 .574
Highest serum creatinine (�mol/L, mean � SD) 64.4 � 18.3 64.6 � 18.8 63.0 � 13.1 0.141 .889
Highest oxygenation index (mean � SD) 7.9 � 4.2 7.9 � 4.2 8.3 � 5.1 �0.180 .859

ostoperative days 2-5
Highest dopamine used (�g/[kg · min], mean � SD) 8.6 � 20.8 8.6 � 21.8 8.3 � 3.8 0.023 .982
Lowest PaO2 (mm Hg, mean � SD) 64.1 � 24.8 64.5 � 25.5 60 � 19 0.297 .768

Lowest base deficit (mmol/L, mean � SD) �0.344 � 3.6 �0.448 � 3.8 0.667 � 1.5 �0.502 .619

The Journal of Thoracic and Cardiovascular Surgery ● Volume 133, Number 4 911.e2
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ABLE E2. Continued
Total

(n � 34)
Simple

(n � 31)
Complex
(n � 3)

Statistical
test*

P
value

Lowest arterial pH (mean � SD) 7.34 � 0.07 7.35 � 0.07 7.29 � 0.09 1.394 .173
Highest plasma lactate (mmol/L, mean � SD) 3.5 � 3.1 3.6 � 3.1 2.5 � 0.8 0.605 .549
Highest serum creatinine (�mol/L, mean � SD) 79 � 33.9 78.7 � 35.2 71.3 � 18.6 0.404 .689
Highest oxygenation index (mean � SD) 4.8 � 2.5 4.65 � 2.4 6 � 2.6 �0.912 .368

ostoperative day 6 and later
Highest dopamine used (�g/[kg · min], mean � SD) 1.5 � 3.4 1.3 � 3.1 3.3 � 5.8 �0.991 .329

pinephrine used 6 (18%) 5 (15%) 1 (33%) — .464
Lowest PaO2 (mm Hg, mean � SD) 66.8 � 16.4 66.8 � 17.3 56.3 � 11.7 1.013 .319
Lowest base deficit (mmol/L, mean � SD) 0.065 � 4.7 �1.07 � 4.8 1.7 � 3.2 �0.620 .540
Lowest arterial pH (mean � SD) 7.37 � 0.06 7.37 � 0.06 7.36 � 0.06 0.078 .938
Highest plasma lactate (mmol/L, mean � SD) 1.3 � 0.45 1.3 � 0.46 1.3 � 0.46 �0.038 .970

ighest serum creatinine (�mol/L, mean � SD) 59.7 � 28.7 61.6 � 27.9 40.0 � 17.3 1.30 .203
Highest oxygenation index (mean � SD) 2.7 � 2.1 2.7 � 2.2 2.7 � 1.5 0.033 .974

verall
Duration of hospitalization (d, mean � SD) 18.9 � 12.9 18.3 � 13.1 26.1 � 4.4 �0.987 .331
Duration of ventilation (d, mean � SD) 8.5 � 7.5 8.3 � 7.8 10.3 � 4.0 �0.444 .660
Duration sternum open (d, mean � SD) 2.7 (5.8) 2.6 (5.9) 4 (4.6) �0.401 .691
Convulsions at any time 3 (10%) 3 (10%) 0 (0%) — �.999
Cardiopulmonary resuscitation at any time 2 (6%) 2 (6%) 0 (0%) — �.999
Dialysis at any time 1 (3%) 1 (3%) 0 (0%) — �.999

fter Bonferroni correction, only differences of �.0001 remain significant. CPB, Cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest.
Statistical tests: �2, t test, 2-sided Fisher exact test. †Blishen BR. The 1981 socioeconomic index for occupations in Canada. Can Rev Sociol Anthropol.

987;24:465-88.

11.e3 The Journal of Thoracic and Cardiovascular Surgery ● April 2007


	Early childhood health, growth, and neurodevelopmental outcomes after complete repair of total anomalous pulmonary venous connection at 6 weeks or younger
	Materials and Methods
	Subjects
	Early Childhood Assessments
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgment
	References


