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Objective: As mortality and morbidity after the Fontan operation has improved,
long-term outcome, including developmental aspects, have become more important.
To understand the long-term effects of this operation, we followed somatic devel-
opment for up to 15 years.

Methods: We evaluated 90 patients who underwent the Fontan operation between
1984 and 2004 (mean follow-up, 11.8 = 4.2 years). The modified Fontan operations
were atriopulmonary anastomosis (n = 19) and total cavopulmonary connection
(n = 71). Mean age at the time of surgical intervention was 5.5 = 4.8 years. Weight,
height, and body mass index were evaluated preoperatively and postoperatively and
given as percentiles on a normal growth curve.

Results: Postoperative weight, height, and body mass index reached the 47.2 * 35.6,
379 = 30.4, and 41.6 £ 31.2 percentiles, which were significantly better than
preoperative values (the 21.6 = 25.9, 25.9 = 25.7, and 20.0 = 25.1 percentiles).
Although neither early surgical intervention nor anatomic features affected postop-
erative growth, early Fontan completion demonstrated better somatic development
in subgroups of tricuspid atresia. Prior bidirectional Glenn shunting provided better
weight gain before the Fontan operation. Prior atrioseptectomy, central shunt, and
pulmonary artery reconstruction were associated with impaired somatic develop-
ment. Reoperation and catheter-based intervention improved somatic development.

Conclusions: Long-term catch-up growth can be observed in patients after the
Fontan operation. Early volume-unloading procedures might lead to better somatic
growth. Prior atrioseptectomy, central shunt, and pulmonary artery reconstruction
are associated with impaired weight and height gain, implying that the severity of
the underlying diseases affects postoperative somatic development.

he Fontan operation was first performed in patients with tricuspid atresia as

a functional repair.! Modifications of the Fontan operation,” staging with a

bidirectional cavopulmonary shunt (ie, the bidirectional Glenn [BDG]
shunt),®> and creation of fenestration in the Fontan pathway* have reduced the
mortality and morbidity associated with this operation. Today, the Fontan operation
is used to treat a wide range of congenital heart defects with functional single
ventricles. Improvements in preoperative management, surgical techniques, and
intensive care medicine have made the Fontan operation a safe procedure at younger
ages than ever before, and many reports describe excellent results from the Fontan
operation in small children.>”’ The early elimination of cyanosis and volume
overload in the functional single ventricle seems to be beneficial, but whether these
modifications provide better postoperative somatic development is unknown.
Despite the improvements in perioperative mortality, few studies have assessed the
potential for postoperative growth in children with Fontan circulation.
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TABLE 1. Patient characteristics (n = 90)
Abbreviations and Acronyms Total (n = 90)
APA = atriopulmonary anastomosis .
BDG = bidirectional Glenn Variable No. Percentage
BMI = body mass index Diagnosis
CHD = congenital heart disease Tricuspid atresia 19 211
PLE = protein-losing enteropathy Predominant right ventricle 30 33.3
TCPC = total cavopulmonary connection Transposition of the great arteries 47 52.2
Heterotaxy 7 7.8
Atrioventricular valve anomaly 19 211
Systemic venous anomaly 8 8.9
In the present study we evaluated somatic development P_ulrponary venous anomaly 4 44
. . . Palliative procedure
over the long-‘term afFer the Fqntan operation and investi- Atrioseptectomy 13 144
gated factors influencing somatic development. Moreover, Coarctation repair 8 8.9
the benefit of surgical and catheter-based interventions after Blalock-Taussig shunt 38 429
the Fontan operation was also evaluated. Central shunt 19 21.1
Pulmonary artery banding 10 1.1
Materials and Methods Pulmonary artery reconstruction 12 133
Patients Modification of Fontan completion
Between 1984 and 2004, 121 consecutive patients with function- Atriopulmonary anastomosis 19 21.1
ally univentricular hearts underwent Fontan-type operations at our Total cavopulmonary connection n 78.9
institution. There were 10 early deaths and 6 late failures (death or With fenestration 18 20.0
heart transplantation). Among the 105 survivors with Fontan cir- After bidirectional Glenn shunt 20 222

culation, 90 were followed up by serial measurements of weight
and height. Fifteen patients are known to be alive with a Fontan
circulation but could not be traced by means of regular follow-up.
The characteristics of 90 patients are shown in Table 1.

The mean age at the time of the Fontan operation was 5.5 * 4.8
years, ranging from 0.6 to 20 years. The mean follow-up period
was 11.8 = 4.2 years. Modifications of the Fontan operation
included atriopulmonary anastomosis (APA; n = 19), performed
until 1989, and total cavopulmonary connection (TCPC; n = 71),
performed from 1988. In patients treated with TCPC, a fenestra-
tion was created at the time of Fontan completion in 18 patients,
and a BDG shunt was used before the Fontan operation in 20
patients (Table 1).

Data Collection of Somatic Development
Somatic development was evaluated before and 1, 2, 5, 7, 10, 12,
and 15 years after the Fontan operation by using body weight and
standing height, which were related to the standard growth per-
centiles (normal is 50 percentile), as described previously.®° The
body mass index (BMI) was calculated and related to the standard
growth percentiles. For 20 patients who underwent BDG shunting,
somatic development was also evaluated before and after BDG
shunting. Data were collected from the patients’ records when they
were available at the Hannover Medical School. For patients
followed up elsewhere, data were collected by means of fax
transmission.

Informed consent was obtained from all patients, their parents,
or both. The Ethics Committee of the Hannover Medical School
approved the study protocol.

Statistical Analysis

Values are expressed as the mean * standard deviation. Data were
analyzed by using the SPSS statistical software system (SPSS, Inc,
Chicago, Ill). The primary outcome was determined as the weight,

height, and BMI at the final follow-up examination. This outcome
was then compared with preoperative data by using the paired
Student 7 test. The primary outcome was analyzed with a variety of
categoric variables by using the unpaired Student ¢ test and with
metric variables by using correlation analysis. Multivariate analy-
sis was done by using a linear regression model to identify the risk
factors that predict the primary outcome. Potential interactions
among variables included in the model were analyzed by means of
contingency table methods.

Results

Postoperative Body Weight, Height, and BMI

The primary outcomes determined by weight, height, and
BMI at the last follow-up were the 47.2 = 35.6, 37.9 =
30.4, and 41.6 = 31.2 percentiles, respectively (Figure 1).
These values were significantly higher than the patients’
preoperative values, which were on the 21.6 = 25.9,25.9 *
25.7, and 20.0 = 25.1 percentiles (P < .01 in all variables).
The number of patients smaller than the fifth percentile
decreased from 34 (37.8%) to 13 (14.4%) in weight, from
27 (30.0%) to 12 (13.3%) in height, and from 36 (40.0%) to
9 (10.0%) in BMI, whereas the number of the patients larger
than the 85th percentile increased from 4 (4.4%) to 17
(18.9%) in weight, from 3 (3.3%) to 9 (10.0%) in height,
and from 4 (4.4%) to 11 (12.2%) in BMI. Body weight and
BMI have significantly improved by 1 year after the oper-
ation. Height has significantly improved by 2 years postop-
eratively (Table E1).

1200 The Journal of Thoracic and Cardiovascular Surgery « November 2007



Ono et al

Surgery for Congenital Heart Disease

Weight Height BMI
100 ok * *

80

60 S

40

20 _
|

[ — ] ]

Weight Height BMI
- * * %
== T
80 F
60
40
20 l
0 1 p— — — 1

Pre Post Pre Post Pre Post

Figure 1. Box plots of preoperative and postoperative weight,
height, and BMI expressed as percentiles. The central box ex-
tends from the 25th percentile to the 75th percentile; the center
line marks the 50th percentile (median). The lines projecting from
the hox encompass the range of the data. *P < .01. BMI, Body
mass index.

Effect of Type of Fontan Operation

Postoperative development of 19 patients after APA was
compared with that of 71 patients treated with TCPC. Data
from 3 patients treated with APA who underwent TCPC
conversion 6, 7, and 14 years after the Fontan operation
were excluded from this analysis for the time points after
the conversion (Figure 2 and Table E2). Interestingly, the
patients treated with APA showed significantly higher post-
operative body weight (P = .02) and BMI (P = .007) than
the weight of those treated with TCPC.

In the 71 patients treated with TCPC, the influences of
fenestration and of having a prior BDG shunt were evalu-
ated. As for fenestrations, they were closed in 8 patients
postoperatively. We found no significant preoperative or
postoperative differences between patients treated with
fenestrated and nonfenestrated Fontan operations (Table
E3). Concerning prior BDG shunting, patients with BDG
shunts showed significantly better weight (P = .03) and
BMI (P = .01) at the time of the Fontan operation
compared with those without prior BDG shunts (Figure 3
and Table E4).

Somatic development of 20 patients with BDG shunts
were evaluated before and after BDG shunting and com-
pared with that of patients undergoing single-stage Fontan
operations to analyze the effects of volume-unloading pro-
cedures (Table 2). Both BDG shunting and single-stage
Fontan procedures showed improved weight, height, and
BMI shortly after the procedures, and there was no statis-
tically significant difference between the procedures with
respect to postoperative catch-up.

APA TCPC APA TCPC APA TCPC

Figure 2. Box plots of postoperative weight, height, and BMI
expressed as percentiles in patients with atriopulmonary anas-
tomosis (APA) or total cavopulmonary connection (TCPC). The
central box extends from the 25th percentile to the 75th percen-
tile; the center line marks the 50th percentile (median). The lines
projecting from the box encompass the range of the data. *P <
.05, **P < .01. BMI, Body mass index.

Effect of Age at the Time of the Fontan Operation

Whether young age at volume unloading (BDG shunts) or
Fontan completion affects the outcome of somatic develop-
ment was analyzed (Table 3). Univariate analysis showed that
neither age at volume unloading nor age at the time of the
Fontan operation had any significant effect on primary out-
come (postoperative weight, height, and BMI). However, when
the same comparison was performed in selected patients with
tricuspid atresia, there was a significant negative correlation
between age at the time of the Fontan operation and postop-
erative weight (P = .047, R = —0.462) and height (P = .037,
R = —0.482). BMI had no significant correlation with age at
the time of the Fontan operation in this subgroup (P = .257).

Preoperative and Postoperative Factors Influencing
Somatic Growth Failure

Several factors that might influence somatic development
were analyzed (Table 3). Univariate analysis showed that
the right ventricular dependant systemic circulation or other
anatomic features were not relevant. Among palliative pro-
cedures, a prior atrioseptectomy was identified as a risk
factor for impaired weight gain (P = .02) and height gain
(P = .02) after the Fontan operation. Patients with a prior
atrioseptectomy also showed significantly lower height be-
fore (P = .001) surgical intervention compared with the
other patients. A prior central shunt was a risk factor for
impaired weight gain (P = .03) and BMI (P = .008). A
prior pulmonary artery reconstruction was identified as a
risk factor for impaired postoperative BMI (P = .04). Mul-
tivariate analysis revealed that a prior central shunt was a
risk factor for impaired weight gain (P = .01) and BMI
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Figure 3. Box plots of preoperative and postoperative weight, height, and BMI expressed as percentiles in patients
after BDG shunting or not. The central box extends from the 25th percentile to the 75th percentile; the center line
marks the 50th percentile (median). The lines projecting from the box encompass the range of the data. *P < .05,
**P < .01. BMI, Body mass index; BDG, hidirectional Glenn shunt.

(P = .03). A prior coarctation repair was identified as a risk
factor for impaired weight gain (P = .02). The interactions
between palliative procedures and the diagnosis were shown
in Table 4.

Effects of Surgical and Catheter-based Interventions
After the Fontan Operation

Nine reoperations were performed more than 6 months after
the Fontan operation. There were 3 TCPC conversions, 3
operations to relieve subaortic stenosis, 1 aortic valve re-
placement, and 2 reconstructions of the Fontan pathway.
The mean interval between the Fontan operation and reop-

eration was 5.3 * 4.1 years (7 months to 14 years). In these
patients weight and height improved significantly after the
reoperation (Table 5). Twenty-one patients had catheter-
based interventions after the Fontan operation: closure of
the collateral vessels (15 patients; 10 in venous collaterals
and 5 in arterial collaterals) and pulmonary artery dilatation
(6 patients). The mean interval between the Fontan opera-
tion and intervention was 6.1 * 4.4 years (1-15 years).
These patients demonstrated improved weight gain after the
procedure (Table 4). BMI was influenced neither by reop-
eration nor by interventions.

TABLE 2. Comparison of somatic development after the volume-unloading procedure (bidirectional Glenn shunt or

single-stage Fontan operation)

BDG* Single-stage Fontan procedure P value
Follow-up (y) n Weight Height BMI n Weight Height BMI Weight Height BMI
Preoperative 20 115*x125 219*+224 202+227 70 19.0+248 248+248 16.0=* 21.6 0.07 0.64 0.45
1 20 319=x275 297292 395343 70 248+246 268 =249 266 * 256 0.27 0.66 0.14
2 20 290=*258 36.2+347 320x243 70 301 *285 31.1*+258 31.8=x279 0.87 0.55 0.98
5 20 309+245 37.0x357 327205 70 347314 347=*=291 357291 0.56 0.77 0.62
Ji 15 352*+278 402+353 325+236 70 401 *332 36.2+297 40.6=* 303 0.51 0.62 0.23
10 10 413*+279 376354 436+261 70 454+352 386286 39.2=*33.0 0.64 0.91 0.39
12 10 450*+279 421+336 444+287 70 450377 390=*304 39.2=+330 0.89 0.76 0.78
Last follow-up 20 399 +327 36.7+337 312+234 70 490365 377295 445 =328 0.68 0.88 0.32

*Fontan completion was performed at a mean interval of 13 months (6-22 months) for all cases.
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TABLE 3. Factor analysis influencing somatic development after the Fontan operation

Weight Height BMI
Univariate Multivariate Univariate Multivariate Univariate Multivariate
Variable n Percentile P value P value Percentile P value P value Percentile P value P value
Diagnosis
Tricuspid atresia 19 55.1 = 36.2 .28 450 = 379 .35 454 + 30.7 .55
Predominant RV 30 413 £ 354 .27 36.6 +27.3 a7 376 =314 .39
TGA 47 476 = 359 91 35.5 = 28.1 43 433 =324 60
Heterotaxy 7 457 =437 91 35.9 = 236 .84 440 =439 .88
AVV anomaly 19 456 = 37.8 .82 33.9 = 26.6 .52 459 =362 .50
Systemic venous 8 62.1 = 40.1 22 525 = 289 .16 536 =348 .26
anomaly
Pulmonary venous 4 495 + 46.2 .90 315 + 36.8 .67 438 + 388 .89
anomaly
Palliative procedure
Atrioseptectomy 13 279 = 29.7 .02 231+ 215 .02 .05 309 +284 .18
Coarctation repair 8 249 =335 .06 .02 29.0 = 38.5 39 31.6 = 33.1 .35
Blalock-Taussig shunt 38 48.7 = 37.7 14 36.1 = 31.1 .64 43.2 = 33.1 .68
Central shunt 19 314+ 313 .03 .01 35.1 + 28.6 .65 250 =204  .008 .03
PA banding 10 48.6 = 34.1 .90 421 £ 35.2 .65 410+319 .95
PA reconstruction 12 29.7 = 30.1 .07 293 = 31.8 .29 29.6 = 18.0 .04
Age at unloading A3 .55 .82
Age at Fontan 45 .53 .93
procedure
Sao, after Fontan .97 .25 .23
procedure

RV, Right ventricle; TGA, transposition of the great arteries; AVV, atrioventricular valve; PA, pulmonary artery; Age at unloading, age at volume unloading
by bidirectional Glenn shunt or Fontan procedure; Sao,, arterial oxygen saturation.

Protein-losing Enteropathy

Three (3.3%) patients had protein-losing enteropathy (PLE)

rarily increased to the 50th percentile but was at the first
percentile 12 years postoperatively.

1.5, 2, and 4 years postoperatively. The first 2 patients showed
no catch-up growth and remained at less than the first percen-
tile both for weight and height during the follow-up. The third
patient, who had PLE 4 years postoperatively, showed growth
catch-up until the onset of PLE (from the 5th to the 25th
percentile in height and from the 10th to the 25th percentile in
weight). After the onset of PLE, the patient’s increase in height
gradually slowed, and the height was at the first percentile 12
years postoperatively. Similarly, the patient’s weight tempo-

Discussion

Somatic development and growth in childhood are the basic
overall indicators of adequate therapy for congenital heart
disease (CHD). Patients with a single functional ventricle in
our study showed a dramatic deceleration of weight and height
gain before the Fontan operation, whereas catch-up growth
occurred in both weight and height during long-term

follow-up.

TABLE 4. Potential interactions between palliative procedure and diagnosis

TCA RV  TGA  Het AW  SysV  PulV Atrio CoA BT cs PAB
Atrio 0.06 0.35 0.77 1.00 0.46 0.33 1.00
CoA 0.20 0.43 0.72 1.00 0.67 1.00 1.00 0.01
BT 0.07 1.00 0.40 0.45 0.31 1.00 0.03 0.1 1.00
CS 0.34 0.79 0.20 1.00 0.75 0.06 1.00 0.03 0.20 0.13
PAB 0.1 0.73 0.32 1.00 1.00 0.51 1.00 0.63 0.005 0.04* 0.1
PA reconstruction 0.45 1.00 0.54 0.59 0.45 1.00 1.00 0.37 0.29 0.55 <0.001 0.62

TCA, Tricuspid atresia; RV, predominant right ventricle; TGA, transposition of the great arteries; Het, heterotaxy; AVV, atrioventricular valve anomaly; SysV,
systemic venous anomaly; PulV, pulmonary venous anomaly; Atrio, atrioseptectomy; CoA, coarctation repair; BT, Blalock-Taussig shunt; CS, central shunt;
PAB, pulmonary artery banding. *Negative interaction.
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TABLE 5. Effects of intervention on somatic development after the Fontan operation

Weight Height BMI
Variable n  Preoperative Postoperative P value Preoperative Postoperative P value Preoperative Postoperative P value
Reoperation 9 372x342 554 =391 0.008 212 =348 353+ 26.0 0.02 500 £319 528 =313 0.58
Intervention 21 317 £30.0 36.0 = 324 0.04 323 =324 348 =333 0.34 341272 3719=*295 0.37

Previous studies®'? have reported somatic growth after
the Fontan operation, but they concluded that growth re-
mained significantly lower than in the normal population at
their end point because of short follow-up periods. Our
follow-up data were collected until 15 years postoperatively
and provide evidence that the Fontan operation, despite its
palliative nature,'? results in a significant improvement in
somatic growth over the long-term. Although the pace of
catch-up growth after the Fontan operation is much slower
than that after biventricular repair, such as closure of a
ventricular septal defect,'* corrective repair of tetralogy of
Fallot,'® or switch operations to transpose the great arteries
(for which catch-up growth is complete within a few years
after the operation),'®!” our study shows that the Fontan
operation is a reasonable surgical choice.

Similar to previous studies,'®!'! we found that height was
more impaired than weight after the Fontan operation. As
for height, Witzel and colleagues'® described the bone and
muscle development in CHD and showed evidence that
patients after the Fontan operation had abnormal bone mass
compared with that of the healthy population, whereas most
patients with other kinds of CHD showed a normal bone
mass. They speculated that reduced physical activity from
birth, which hinders adequate stimulation of skeletal devel-
opment, and abnormal hormonal status might be the cause
of this phenomenon. As for the weight, our patients treated
with APA, which is not thought to create an ideal Fontan
circulation, were significantly heavier than those treated
with TCPC. Mean BMI of the patients undergoing APA was
on the 58th percentile, whereas the patients undergoing
TCPC remained on the 37th percentile. These results sug-
gest that the inadequate increase of weight might be attrib-
uted to congestive heart failure that developed long after the
Fontan operation. In this sense weight is not a simple
indicator for adequate somatic development long after the
Fontan operation.

The effects on postoperative somatic development of the
modifications of the Fontan operation, such as staging with
a BDG shunt or fenestration in the Fontan pathway, are of
concern to surgeons. In patients with TCPC, baffle fenes-
tration did not significantly affect somatic development.
Arterial oxygen saturation after the Fontan operation did not
affect somatic development. Goff and coworkers'® showed
improved somatic development after fenestration closure,
but this difference was due to postoperative catch-up

growth. As we reported previously, fenestration is beneficial
for the long-term outcome,?” and these findings suggest that
mild arterial desaturation is well tolerated and permits
catch-up growth. On the other hand, patients who under-
went BDG shunting were significantly heavier at the time of
the Fontan procedure compared with the other patients.
Previous reports show similar results.!' Furthermore, when
BDG shunting was compared with the single-stage Fontan
operation with respect to the volume-unloading procedure,
BDG shunting showed similar postoperative catch-up
growth. These consequences would confirm the hypothesis
that it is the volume-unloading operation (BDG shunt or
single-stage Fontan operation) and not completion of the
Fontan operation that results in the improved hemodynamic
status and permits improved growth and suggest that a
staged approach to completion of the Fontan operation is
important because BDG shunting can be performed in
infancy.

Given that young age at the time of the Fontan operation
is no longer considered a risk factor, the effects of an early
establishment of Fontan circulation on somatic development
is a crucial concern. It has seemed likely that the early
establishment of Fontan circulation protects ventricular
function, improves cyanosis, and allows an appropriate
catch-up growth of the children, but there has been no
consensus that this is the case. Stenbog and associates'’
described significantly improved physical growth after the
Fontan operation performed at a mean age 8.5 years, but
Cohen and coworkers'® showed significantly decreased
weight and length in children who underwent the Fontan
operation at a mean age of 20 months. Ovroutski and
colleagues® showed that patients who underwent extracar-
diac Fontan operations before 4 years of age had better
acceleration of weight gain compared with those whose
operations were delayed. Although our overall results
showed no significant correlation between somatic develop-
ment and age at the time of the Fontan operation, an analysis
in patients with tricuspid atresia revealed that young age at
the time of the Fontan operation demonstrated better post-
operative weight and height gain. A possible explanation of
the discrepancy between this study and earlier studies is that
the patients in the previous studies who underwent the
Fontan operation when they were older were better candi-
dates than younger patients. In the study by Cohen and
coworkers'® showing somatic growth failure, half the in-
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fants had hypoplastic left heart syndrome requiring a Nor-
wood procedure. In contrast, the study of Stenbog and
associates'! reported on a large population of patients who
would be considered ideal Fontan candidates and showed
better somatic growth. Schuurmanns and colleagues?'
showed that catch-up growth is correlated with the severity
of the initial growth disturbance and not with age at surgical
correction of isolated CHD. Furthermore, in patients with a
single functional ventricle, seriousness of the heart disease
might influence both preoperative and postoperative so-
matic growth. If comparisons were done between patient
groups with heart disease of comparable severity, it might
be found that the early establishment of Fontan circulation
leads to better somatic growth.

Several preoperative and postoperative factors that might
influence somatic development were analyzed. No anatomic
feature showed any significant difference. Nevertheless, re-
garding palliative procedures, atrioseptectomy led to a sig-
nificantly impaired height and weight gain. In this study
patients treated with atrioseptectomy exhibit anatomic fea-
tures of the hypoplastic left heart complex (dominant right
ventricle) or double-inlet left ventricle (dominant left ven-
tricle), which made no correlation between atrioseptectomy
and a right dominant systemic ventricle. The reason why
this simple procedure influenced postoperative somatic de-
velopment is to be defined. We previously reported that the
presence of an obstructed pulmonary venous return is a
significant risk factor for the Norwood procedure.?” Latent
pulmonary vascular obstructive disease by restrictive atrial
septum defect in infancy might affect the post-Fontan de-
velopment. Those patients who underwent central shunt or
pulmonary artery reconstruction showed significantly lower
weight and lower BMI. They demonstrated hypoplasia or
distortion of central pulmonary arteries, suggesting that
adequate development of pulmonary arteries is important
for good catch-up growth after the Fontan operation. Fur-
thermore, this subgroup of patients has previously been
identified as at risk. Gentles and associates® demonstrated,
for a large number of patients, that atrioseptectomy and
central shunt were risk factors for worse functional status
after the Fontan operation, and Fishberger and coworkers>?
demonstrated that prior atrioseptectomy and pulmonary ar-
tery reconstruction were risk factors for late tachyarrhyth-
mia. These findings are quite in accord with our results.

Reoperations after the Fontan operation accelerated the
catch-up growth in both weight and height, and interven-
tions also accelerated postoperative weight gain. These
findings indicate that patients with Fontan circulation re-
quire surgical and interventional management postopera-
tively for adequate catch-up growth. PLE, the cause of
which is not fully understood, is also a risk factor for growth
failure once it develops.

Study limitations include that 15 patients had no follow-up
information available, introducing possible bias; that parental
height, a significant contributor to overall somatic growth, was
unavailable; that nutritional intake and daily activity patterns
were not available in this retrospective analysis; and that po-
tential confounders of poor growth, such as genetic contribu-
tions other than parental height, were not available.

In summary, catch-up growth occurred in weight, height,
and BMI for the long-term after the Fontan operation. Fenes-
tration in the Fontan pathway showed no adverse effect on
postoperative somatic development. An earlier volume-
unloading procedure might lead to better somatic growth. A
prior atrioseptectomy, a prior central shunt, and a prior pulmo-
nary artery reconstruction were risk factors for impaired so-
matic development, implying that the seriousness of the un-
derlying cardiac malformation might deeply affect the
preoperative and postoperative somatic development. Reopera-
tions and catheter interventions accelerated somatic develop-
ment after the procedures, emphasizing the necessity of
constant postoperative care for catch-up growth.

We thank Dr Hikaru Matsuda, Professor Emeritus, Osaka Uni-
versity Graduate School of Medicine, for his support of this
research.
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TABLE E1. Somatic development after the Fontan operation

Follow-up (y) n Weight (percentile) Height (percentile) BMI (percentile)
Preoperative 90 216 =259 259 = 25.7 20.0 = 25.1
1 90 26.0 = 25.3* 28.3 +26.9 28.4 + 256t
2 89 29.9 + 28.3" 31.7 = 27.8*% 30.1 + 26.6"
5 88 33.9 + 306 35.2 + 30.2" 336 + 27.7"
7 81 39.0 = 32.4" 35.4 + 30.2" 406 + 29.3"
10 80 454 + 34.3" 385 + 28.8" 41.1 = 32.0"
12 67 458 + 37.2" 38.5 = 30.4" 422 = 319"
15 42 52.6 + 36.9" 35.3 +29.9" 516 + 31.7"
At last follow-up 90 472 + 356" 37.9 + 304" 416 = 31.2"

BMI, Body mass index. *P < 0.05 and TP < .01 versus preoperative.

TABLE E2. Comparison of somatic development with type of Fontan operation

APA TCPC P value
Follow-up (y) n Weight Height BMI n Weight Height BMI Weight Height BMI
Preoperative 19 258 =300 227+211 204+=259 71 205=*=249 267269 199 =251 A3 .55 .94
1 19 285 *+251 243+231 340x259 71 253255 293+278 275257 .63 A7 .46
2 19 303 =286 238*+217 395+338 71 298284 338290 281 +247 .95 .16 21
5 19 36.3+30.7 286+247 462*+311 71 332+308 37.0+315 305=*26.2 .70 .29 .05
7 18 442 +330 298264 479*+278 62 379+324 374+313 372290 A7 .35 .25
10 17 577 +346 402=+278 391302 61 429+339 386295 41.0=*323 12 .84 .84
12 17 61.3+367 429+307 b528+335 61 399+369 379307 362302 .04 .56 11
15 15% 685 +343 433*+292 551+330 27 430+359 324+314 414+276 .03 .28 .28
Last follow-up 19 64.7 =345 389+273 582+31.2 71 426*+347 376313 36.8*294 .02 .87 .007

BMI, Body mass index. *Patients converted from atriopulmonary anastomosis to total cavopulmonary connection were excluded.

TABLE E3. Comparison of somatic development with and without fenestration

Fenestration No fenestration P value
Follow-up (y) n Weight Height BMI n Weight Height BMI Weight Height BMI
Preoperative 18 179*+197 244 +254 244+254 53 213*+265 275*+276 184+ 258 .62 .68 40
1 18 221 +227 279+293 295+285 53 264 *265 298*+276 26.8* 248 .54 .80 12
2 18 290275 290=+279 255+245 53 301=*x289 355+294 295=+249 .89 A2 A8
5 18 265 *+262 29.1+264 199+225 53 354320 396 =*328 34.0=* 26.6 .30 22 .69
7 12 265 +230 265+254 324+331 51 404 =*338 398 *+321 38.2+284 .20 .20 .59
10 10 370*+291 326*+216 420+335 51 439+348 39.7=*307 408+ 324 58 51 .92
12 10 306 *+295 303+205 46.0+351 51 409=+378 392=*322 352+299 .56 A3 .56
Last follow-up 18 348 =295 309+265 324+275 53 452+362 399+327 383=301 23 .29 A7

BMI, Body mass index.
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TABLE E4. Comparison of somatic development after the bidirectional Glenn operation

After BDG Not after BDG P value
Follow-up (y) n Weight Height BMI n Weight Height BMI Weight Height BMI
Preoperative 20 305*x285 296+293 342=*+314 51 165*223 256=*+261 143 =198 .03 .58 .01
1 20 300=*280 334%+333 339x257 51 235*x245 278256 25.0=*255 34 45 22
2 20 293+284 339345 254227 51 300287 338269 294=*257 .93 .99 .56
5 20 305*278 368345 272*+224 51 342+319 370305 319=*278 .66 .98 .53
7 12 326*+276 31.2*+340 376+254 51 392=*336 308=*340 37.1*303 .53 .45 .96
10 10 450*=280 373x312 525*x241 51 424=*352 389+294 383336 .83 .88 14
12 10 420=*358 354*+318 471+288 51 394=*376 384308 329304 .85 18 .28
Last follow-up 20 399 +327 36.7+337 31.2*+234 53 437x2357 38.0=*=307 390=x314 .68 .88 32

BMI, Body mass index.
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