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Abstract
Objective. There is a paucity of information regarding 
appropriate management of children with Down’s syn-
drome and a functional single ventricle. We report the 
results of bidirectional superior cavopulmonary shunts 
in six patients with Down’s syndrome with a functional 
single ventricle.
Methods. Between January 1991 and December 2004, we 
identifi ed six patients with Down’s syndrome among 263 
who had undergone bidirectional superior cavopulmo-
nary shunts (BCPSs). There were four males and two 
females. The age at BCPS ranged from 1 to 12 years 
(mean 4.3 ± 3.9 years), and body weight varied between 
8.2 and 29.4 kg (mean 13.8 ± 7.8 kg). All six patients had 
an unbalanced complete atrioventricular septal defect, 
with right ventricular hypoplasia present in fi ve and left 
ventricular hypoplasia in one.
Results. There were no operative deaths, but one case 
required takedown of the BCPS. Except for this case, 
postoperative courses were generally uneventful. The 
median duration of follow-up was 46 months (range 
12–80 months). Only two of fi ve survivors after BCPS 
underwent a subsequent Fontan procedure, and one of 
these patients died of pulmonary hypertension post-

operatively. The remaining three patients appeared to 
have signifi cant risk factors for the Fontan procedure 
due to severe common atrioventricular valve regurgita-
tion or persistent pulmonary vascular obstructive disease, 
including one who has completely dropped out from the 
Fontan track.
Conclusion. Down’s syndrome is a risk factor in patients 
with functionally single ventricle due to persistent 
pulmonary hypertension and airway obstruction. These 
results show that single ventricle repair in patients with 
Down’s syndrome is accompanied with diffi culties, and 
patient selection for the Fontan procedure should be 
done carefully.
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Introduction

Refi nements and modifi cations of the Fontan operation 
have provided defi nitive surgical palliation for children 
with congenital heart disease in whom biventricular 
repair is not feasible.1–3 However, there is a paucity 
of information to guide management of children with 
Down’s syndrome (trisomy 21) and a functional single 
ventricle. This is because Down’s patients have a high 
incidence of congenital heart disease4–6, but rarely have 
hypoplasia of either ventricle. Furthermore, Down’s 
patients are at risk of developing persistent pulmonary 
hypertension7 and pulmonary airway obstruction,8 which 
may compromise the outcome of univentricular repair. 
Herein, we report the results of bidirectional superior 
cavopulmonary shunts in six patients with Down’s 
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syndrome and a functional single ventricle (unbalanced 
atrioventricular septal defect).

Subjects and methods

Between January 1991 and December 2004, we identifi ed 
six patients with Down’s syndrome among 263 who had 
undergone bidirectional superior cavopulmonary shunt 
(BCPS). There were 4 males and 2 females. The age at 
BCPS ranged from 1 to 12 years (mean 4.3 ± 3.9 years), 
and body weight varied between 8.2 and 29.4 kg (mean 
13.8 ± 7.8 kg). All six patients had an unbalanced com-
plete atrioventricular septal defect, with severe right ven-
tricular hypoplasia present in fi ve and left ventricular 
hypoplasia in one (Table 1). Procedures that preceded 
BCPS included one case each of the following: unilateral 
modifi ed Blalock-Taussig anastomosis (mBTA); bilat-
eral mBTA; bilateral mBTA + central (ascending aorta-
to-pulmonary artery) shunt + central pulmonary artery 
plasty; pulmonary artery banding (PAB) + patent ductus 
arteriosus (PDA) ligation; PAB + coarctectomy; and 
modifi ed Norwood procedure in a patient with left ven-
tricular hypoplasia.

Results

Clinical details are given in Table 1. The mean pulmo-
nary artery pressure (mPAP) ranged from 11 to 20 mmHg 
(16.0 ± 3.3 mmHg). Nakata’s pulmonary artery index9 

(PAI) ranged from 195 to 503 mm2/BSA (m2) (347 ± 
129 mm2/m2). Ventricular function was preserved and 
atrioventricular valve regurgitation was less than mild 
on Doppler echocardiography in all six patients. Pre-
operative hemodynamic parameters in these patients 
fulfi lled our institutional criteria for BCPS (mPAP ≤ 
20 mmHg, PAI ≥ 200, and well developed peripheral 
pulmonary vascular bed on angiography).

There were no operative deaths. One patient, whose 
PAP was on the borderline of our criteria, required 
takedown of the BCPS on postoperative day (POD) 2 
owing to elevated superior vena caval (SVC) pressure 
(30 mmHg). Except for this case, postoperative courses 
were generally uneventful with an acceptable SVC pres-
sure: 13.5 ± 4.8 mmHg (6–18 mmHg) upon arriving at the 
intensive care unit (ICU) and 10.7 ± 5.2 mmHg (2.0–
14.5 mmHg) before discharge from the ICU. The length 
of ICU stay ranged from 2 to 4 days (median 2.8 days), 
and the length of hospital stay ranged from 16 to 109 
days. The early postoperative period was marked by 
chylothorax in two patients, with one of them requiring 
a prolonged hospital stay (109 days). Postoperative data 
are summarized in Table 2.

The median duration of follow-up was 46 months 
(range 12–80 months). Two patients underwent a total 
cavopulmonary connection (TCPC) at 12- and 24-month 
intervals from the BCPS, respectively. One of these 
patients died from acute cardiac insuffi ciency 16 days 
after the TCPC. Another patient is currently alive (New 
York Heart Association functional class I). One of 
the remaining three patients after the BCPS was not 

Table 1 Preoperative data

Case Associated 
anomalies

Previous 
operation

Age at previous 
operation (year)

mPAP 
(mmHg)

PAI (mm2 /m2) AVVR EF (%)

1 PS BTA 2 – 245 Trivial 63
hypo-RV BTA 4

Central shunt
PA plasty 8

2 PDA PDA lig. PAB 4 months 17 321 Mild –
hypo-RV

3 PDA CoA PDA lig. PAB 2 weeks 17 500 Mild 65
hypo-RV CoA repair

4 PS BTA 1 20 195 Trivial 60
hypo-RV

5 PA BTA 2 months 17 503 Mild 74
hypo-RV BTA 2

6 DORV CoA m-Norwood 1 month 11 315 Mild –
SAS hypo-LV

Mean 16 ± 3.3 347 ± 129 66 ± 6.0

mPAP, mean pulmonary artery pressure; PA, pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary artery; PAI, pul-
monary artery index; AVVR, atrioventricular valve regurgitation; EF, ejection fraction; AVSD, atrioventricular septal defect; BTA, 
Blalock-Taussig anastomosis; PS, pulmonary stenosis; hypo-RV, hypoplastic right ventricle; PDA, patent ductus arteriosus; PAB, pul-
monary artery banding; CoA, coarctation; DORV, double-outlet right ventricle; SAS, subaortic stenosis; hypo-LV, hypoplastic left 
ventricle
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considered a candidate for Fontan completion due to 
pulmonary hypertension. The other two patients are still 
considered candidates for the Fontan procedure but 
have risk factors, including severe (CAVVR) and persis-
tent pulmonary vascular obstructive disease detected on 
open lung biopsy.

Discussion

Children with Down’s syndrome have a high incidence 
of congenital heart disease but rarely have severe hypo-
plasia of one ventricle or unbalanced ventricles. There-
fore, there is a paucity of information on the appropriate 
management of Down’s patients with a functional single 
ventricle. It is known that Down’s patients are prone 
to have premature development of pulmonary vascular 
obstructive disease and pulmonary vasoconstriction 
exacerbated by hypercarbia and hypoxia due to airway 
obstruction.10 Spicer and coworkers11 reported that com-
pletion of the TCPC was achieved in only two of fi ve 
patients who were staged with a BCPS. On the other 
hand, Campbell and coworkers12 reported that in appro-
priately selected patients with trisomy 21 and ventricular 
hypoplasia who are unsuitable for biventricular repair 
the Fontan procedure is not contraindicated and pro-
vides short-term benefi t.

In the presence of borderline or mild hypoplasia, 
patients may be amenable to one-and-one-half ventricle 
repair. Moreover, the volume of the right ventricle could 
be underestimated at preoperative inspection because of 
the pulmonary overcirculation. However, all fi ve patients 
in this cohort had a severely hypoplasitc or diminutive 
right ventricle, precluding this option. Another concern 
with this procedure is the diffi culty of dividing a common 
atrioventricular valve appropriately for unequally sized 
ventricles, and the presence of atrioventricular valve 
regurgitation could be detrimental to its physiology. 
Therefore , the indication of one-and-one-half ventricle 
repair for unbalanced atrioventricular septal defect may 
not be guided by physiological and morphological crite-
ria for patients with a hypoplastic right ventricle with 
intact ventricular septum.

In our study, fi ve of the six Down’s syndrome patients 
who underwent BCPS for functional single ventricle had 
a reasonable SVC pressure, and two of them have under-
gone a subsequent Fontan procedure (Table 3). The only 
patient who required takedown of the BCPS had a bor-
derline high pulmonary artery pressure according to our 
criteria. This suggests the importance of adequate patient 
selection guided by proper assessment of preoperative 
data to achieve successful BCPS.

Prior to BCPS, pulmonary arterial blood fl ow should 
be strictly regulated by PAB for patients with pulmonary 

Table 2 Postoperative data

Case Age at 
operation 
(years)

Weight at 
operation (kg)

Length of stay (days) Pleural 
drainage 
(days)

CVP (H2O) AVVR Complications

ICU Hospital ICU entry ICU exit

1 12 29.4 3  23  4 18.0 14.5 None
2 2  9.5 4  32 14 14.5 13.0 Mild Chylothorax
3 3 11.5 2  16  6 17.0 14.0 Trivial
4 4 11.2 – – – 19.0 – Trivial Take-down
5 4 12.7 2 109 50 12.0 10.0 Trivial Chylothorax
6 1  8.2 3  24  4  6.0  2.0 Mild

Mean 4.3 ± 3.9 13.9 ± 7.8 2.8 ± 0.8 40.8 ± 39 15.6 ± 18 13.5 ± 4.8 10.7 ± 5.2

ICU, intensive care unit; CVP, central venous pressure

Table 3 Postoperative course

Case Result PAP (mmHg) PA stenosis AVVR Respiration problem

1 Drop out 14 Nonconfl uent None None
2 Awaiting Fontan 19 None Severe None
3 Fontan 15 rt-PA Mild Tracheostenosis
4 Take-down – None – Tracheomalacia
5 Awaiting Fontan  9 None Trivial None
6 Fontan 10 lt-PAa Mild None

PAP, pulmonary artery pressure; rt-PA, right pulmonary artery
aDistal anastomosis of the right ventricle to the pulmonary artery conduit
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overcirculation, and inversely, by systemic-pulmonary 
arterial shunt for those with a poor pulmonary vascular 
bed. In addition to these procedures, abnormal aorto-
pulmonary collateral vessels that increase pulmonary 
blood fl ow should be closed with catheterization-guided 
coil embolization before BCPS. It is reported that AVVR 
and central pulmonary artery stenosis are risk factors for 
poor outcome.13–15 Therefore, moderate to severe atrio-
ventricular valve regurgitation (AVVR) on echocardiog-
raphy and signifi cant stenosis of the central pulmonary 
artery that causes unbalanced pulmonary blood fl ow 
distribution should be repaired in association with BCPS. 
In our cohort, one patient required valve repair for 
severe AVVR after BCPS. In this patient, CAVVR grad-
ually deteriorated even after BCPS and eventually 
required CAVV repair using an edge-to-edge technique 
4 years after BSPS. CAVVR was reduced to less than 
mild after surgery but deteriorated again to a severe 
degree during follow-up. In this case, CAVV replace-
ment will be required concomitantly with or as a prepa-
ratory operation for the Fontan procedure. Another 
patient required repair of the central pulmonary artery 
prior to BCPS. This patient had a stenosis of the proxi-
mal left pulmonary artery, presumably due to constric-
tion of the PDA tissue, which required patch arterioplasty 
performed concomitantly with the central shunt. The 
patient currently has a recurrence of this stenosis after 
BCPS (left BTA was constructed simultaneously).

Another point to be considered in children with 
Down’s syndrome is that they frequently have respira-
tory complications, infl uencing pulmonary vascular 
resistance,8,10 and persistent pulmonary hypertension, 
which adversely affects outcome after the Fontan proce-
dure. In this study, upper airway obstruction (tracheo-
malacia and tracheostenosis) had been detected in two 
patients. One of these patients, who had a tracheomala-
cia with recurrent respiratory infection that was promi-
nent during infancy, underwent BCPS at 4 years of age, 
which alleviated the symptoms. However, BCPS take-
down was required in this patient because of high 
Glenn pressure even with manipulation of the ventilator 
setting. The other patient who had trachostenosis, 
however, underwent successful Fontan completion after 
a tracheostomy.

In this series, one patient died from acute cardiac 
insuffi ciency 16 days after the Fontan operation, 
although preoperative hemodynamic values fulfi lled our 
criteria (mPAP 10 mmHg, PAI 305, and AVVR mild). 
The patient had a good postoperative course until sudden 
clinical deterioration after intense crying and breath-
holding resulting in severe cyanosis. Pathological fi nd-
ings in autopsy demonstrated severe medial hypertrophy 
in about half of the preacinar small pulmonary arteries. 

Yamaki and coworkers16 reported that residual medial 
hypertrophy of the small pulmonary arteries, which 
causes pulmonary hypertensive crisis after surgery, is 
a major risk factor in Fontan candidates. Because of 
this pathological result, lung biopsy was performed in 
another patient awaiting Fontan procedure at 3 years 
after BCPS. Although all criteria had been fulfi lled based 
on preoperative hemodynamic studies (mPAP 10 mmHg, 
PAI 350, AVVR trivial), histological analysis showed 
that hypertrophy of the media remained in almost all 
preacinar small pulmonary arteries. In this case, the 
Fontan operation was postponed, and the patient is 
currently awaiting repeat lung biopsy, which is to be 
performed after 1–2 years.

Conclusion

Only two of fi ve survivors after BCPS underwent a sub-
sequent Fontan procedure, and one of these two patients 
died of pulmonary hypertension postoperatively. The 
remaining three patients appeared unsuitable for the 
Fontan procedure due to severe CAVVR or persistent 
pulmonary vascular obstructive disease, including one 
who has completely dropped out of the Fontan track.

These results show that single ventricle repair in 
patients with Down’s syndrome has diffi culties, 
and patient selection for the Fontan procedure should 
be done carefully. Especially, one must pay attention to 
specifi c problems associated with Down’s patients, such 
as airway obstruction or rapidly progressing pulmonary 
vascular changes. We suggest that medial hypertrophy 
of small pulmonary arteries should be sought by means 
of open lung biopsy in borderline cases to evaluate 
the status of the pulmonary vasculature because 
hemodynamic variables measured while the patient is 
sedated may not represent their active status. Further 
study is necessary to establish a treatment algorithm 
of single ventricle repair in patients with Down’s 
syndrome.
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