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Abstract Infants with an unbalanced atrioventricular

septal defect (AVSD) frequently present with comorbidi-

ties that may have an impact on their medical course and

outcome. This study aimed to assess outcomes and explore

possible prognostic indicators for patients undergoing

surgical palliation for an unbalanced AVSD. The medical

records of all infants presenting to the authors’ institution

with an unbalanced AVSD over a 5-year period were ret-

rospectively reviewed for assessment of outcomes and

comorbidities. The study group consisted of 44 patients

with an overall survival rate of 51% for the entire follow-

up period. The majority of these patients (88%) underwent

single-ventricle palliation, with an 83% rate of survival to

initial hospital discharge and an overall long-term survival

rate of 50%. The midterm outcome was significantly worse

than that for a cohort of hypoplastic left heart syndrome

patients undergoing single-ventricle palliation during the

same period (P = 0.03). In addition, 30% of the patients

required either repair or replacement of their systemic

atrioventricular valve at initial palliation or during sub-

sequent follow-up evaluation. Of the patients with an

unbalanced AVSD, 75% had associated congenital anom-

alies. In conclusion, infants with an unbalanced AVSD are

a high-risk population with diminished midterm survival

compared with palliated patients who have more classic

forms of hypoplastic heart syndromes. This may be due to

the higher incidence of both severe atrioventricular valve

regurgitation and important associated congenital

anomalies.
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Complete atrioventricular septal defect (AVSD), also

known as common atrioventricular canal or endocardial

cushion defect, occurs in 7.3% of all congenital heart dis-

ease cases [8]. Among patients with an AVSD, other

noncardiac diagnoses are common. According to the data

from the Baltimore–Washington Infant Study, 76% of

patients with an AVSD had an associated chromosome

abnormality, syndrome, or laterality defect [8].

The majority of patients with an AVSD are balanced,

with the common atrioventricular (AV) valve equally

positioned over both ventricles. In a smaller percentage of

patients with an AVSD (*10%), the common AV valve is

unequally positioned over the right or left ventricle and

described as unbalanced [6]. The degree of ventricular

hypoplasia is variable among patients with an unbalanced

AVSD, and there may be an associated aortic or pulmonary

outflow tract obstruction. In addition, the common AV

valve typically has some degree of regurgitation of [4, 10,

17, 18].

The surgical options for patients with an unbalanced

AVSD depend on the underlying anatomy and range from

two ventricular repairs to a single-ventricle palliation [5].

For patients requiring single-ventricle palliation, the initial

procedure may be a Norwood procedure, an isolated aor-

topulmonary shunt, or pulmonary arterial banding. Due to
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the high incidence of associated risk factors, we hypothe-

sized that neonates with an unbalanced AVSD undergoing

single-ventricle palliation may have worse outcomes than

patients with more classic hypoplastic left heart lesions

undergoing similar surgical procedures.

Materials and Methods

A retrospective chart review was performed for all infants

presenting with an unbalanced AVSD at our institution

from June 1998 to June 2003. An unbalanced defect was

defined as one with more than 60% of the atrioventricular

valve area committed to one ventricle, as determined by

echocardiography and confirmed by two independent

echocardiographers. Information was gathered regarding

specific cardiac anatomic and functional details, associated

noncardiac diagnoses, surgical interventions performed,

and both short- and long-term outcomes. Follow-up data

were obtained until December 2005.

A cohort of patients with classic hypoplastic left heart

syndrome (HLHS) consisting of mitral and aortic hypo-

plasia or atresia who underwent surgical palliation at our

institution during a similar period and had similar follow-

up time was used for comparison analysis [19]. Both

cohorts had similar general characteristics such as gesta-

tional age (AVSD 38.3 vs HLHS 39 weeks), weight

(AVSD 3.1 vs HLHS 3.3 kg), fetal diagnosis (AVSD 69%

vs HLHS 55%), and follow-up time (AVSD 25 months;

range, 0.1–88 months vs HLHS 23 months; range, 0.1–

53 months).

A two-tailed Fisher’s exact test was used to examine for

differences in frequency data between the two groups.

Logistic regression analysis was used to identify predictors

associated with mortality. Statistical significance was

defined as a P value less than 0.05.

Results

Unbalanced AVSD was diagnosed for 44 patients at our

institution during the specified time frame. Figure 1 dis-

plays the overall outcomes for the study group. Two in

utero deaths occurred (one terminated), and two patients

died before surgical intervention after decisions were made

to withdraw support secondary to multiple congenital

anomalies.

Figure 2 shows the breakdown of the initial surgical

procedures performed. The majority of patients who

underwent surgery had single-ventricle palliation (35/40).

Three patients had biventricular repairs, all of whom sur-

vived. One patient had a one and a half ventricular repair

(comprising an initial pulmonary arterial band and

coarctation repair at 1 week of life and subsequent right

bidirectional Glenn) and died of complications after the

second surgery. One patient underwent repair of obstructed

total anomalous pulmonary venous return on day 1 of life

and died shortly thereafter.

In addition, most patients were unbalanced to the right

side, resulting in a hypoplastic left ventricle (39/44). Of the

39 patients in this group, 16 had left ventricular outflow

tract obstruction, and 13 had associated aortic coarctation.

Two of the five patients unbalanced to the left with a

hypoplastic right ventricle had right ventricular outflow

tract obstruction, and three had coarctation.

Table 1 lists the rates of survival to hospital discharge

for different subcategories of the patient population. The

rate of survival to initial hospital discharge was 83%

among the 40 patients who underwent surgery. There were

no significant differences in survival to hospital discharge

based on type of surgery performed. In addition, no sig-

nificant difference in survival to hospital discharge was

found between unbalanced AVSD patients undergoing

single-ventricle palliation with the Norwood procedure

Fig. 1 Overall outcomes for the entire study population. TAPVR,

total anomalous pulmonary venous return

Fig. 2 Initial surgical procedures performed (n = 40). AP, aortopul-

monary; TAPVR, total anomalous pulmonary venous return
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(83% survival) or a systemic to pulmonary artery shunt

alone (92% survival) and the HLHS cohort (74% survival)

(Table 1). Among the surgically treated patients, survival

to hospital discharge was not significantly affected by fetal

diagnosis, chromosomal anomalies, or heterotaxy

association.

Table 2 delineates the midterm survival rates for the

different subcategories of patients. The overall survival rate

for the entire postnatal cohort was 51% (20/39, with 3

patients lost to follow-up evaluation) during a median

follow-up period of 25 months (range, 0.1–88 months).

Patients undergoing single-ventricle palliation had a mid-

term survival rate of 50%. Within this group, those who

underwent a Norwood procedure had a 40% midterm sur-

vival rate, compared with 64% for those who underwent an

aortopulmonary shunt. The comparison HLHS cohort had

an overall midterm survival rate of 74% during a median

follow-up period of 23 months (range, 0.1–53 months).

Compared with the HLHS cohort, a significantly worse

survival rate was found not only among the AVSD patients

undergoing the Norwood procedure but also among all

unbalanced AVSD patients undergoing single-ventricle

palliation (50% vs 74%; P = 0.03). Patients undergoing

aortopulmonary shunt alone showed no difference in sur-

vival compared with the HLHS group (64% vs 74%,

respectively; P = 0.5). Of the 16 patients who survived

with single-ventricle palliation, 13 underwent successful

Fontan completion, 2 were considered poor Fontan candi-

dates and remained at the hemi-Fontan stage, and 1 never

advanced beyond repeated aortopulmonary shunts.

More than two-thirds of the patients (69%) had a pre-

natal diagnosis. However, when the midterm survival rate

for the patients with the prenatal diagnosis (17/29) was

compared with that for the patients with the postnatal

diagnosis (3/11) who underwent surgery, no significant

difference was found (P = 0.16), although the number of

patients with the postnatal diagnosis was quite small.

Extracardiac anomalies were present in 73% (32/44) of

the patients. Table 3 lists the various anomalies found.

Heterotaxy syndrome was present in 41% (18/44) of the

patients. Right isomerization occurred in 11 patients and

left isomerization in 4 patients (3 had undetermined sid-

edness). The patients with heterotaxy association had an

overall survival rate of 56%. The overall survival rate for

the patients with extracardiac anomalies was 45%, similar

to that for patients without extracardiac anomalies

(P = 0.5).

Of the patients who underwent initial operations, 12

(30%) subsequently underwent AV valve repair or

replacement. As shown in Table 4, the overall survival rate

for the patients requiring valve surgery was 25% compared

with 64% for the patients not requiring AV valve repair or

replacement (P = 0.03). Four patients underwent multiple

attempts at repair or replacement of the AV valve. Three

patients required repair of total anomalous pulmonary

venous return. Two of these patients ultimately died,

whereas the third patient was lost to follow-up evaluation.

Multivariable logistic regression analysis identified only

the need for AV valve intervention as a predictor of mor-

tality, with an odds ratio of 5.3 (95% confidence interval

[CI], 1.14–24.90). There were no interactions or predictive

odds ratios with other variables such as fetal diagnosis,

heterotaxy association, or other congenital anomalies

(Table 4).

Table 1 Survival to initial hospital discharge for all patients with an

unbalanced atrioventricular septal defect (AVSD)a

N Survivors n (%) P valueb

Overall 42 33 (76) –

Surgically treated 40 33 (83) –

SV palliation 35 29 (83) 1

Norwood 22 17 (77) 0.8

Shunt only 12 11 (92) 0.7

HLHS cohort 81 66 (74)

a Survival to discharge was separated into all patients who received

operations, SV palliation, a Norwood procedure, or solely an aorto-

pulmonary shunt. These different categories were compared with the

hospital survival of 81 patients who had HLHS within a similar period
b Comparison between subcategories of AVSD and HLHS patients

undergoing the Norwood procedure

SV single ventricle

HLHS hypoplastic left heart syndrome

Table 2 Midterm survival outcomes for patients with an unbalanced

atrioventricular septal defect (AVSD)a

N Survivors n (%) P valueb

Overallc 39 20 (51) –

Surgically treatedc 37 20 (54) –

SV palliation 32 16 (50) 0.03

Norwood 20 8 (40) 0.007

Shunt only 11 7 (64) 0.5

HLHS cohort 81 60 (74)

a Overall and surgical survival is illustrated (3 patients lost to follow-

up were excluded). Furthermore, survival was calculated for all SV

patients, patients undergoing the Norwood procedure, and patients

undergoing shunt placement. These categories were compared with

the HLHS cohort
b Comparison between subcategories of AVSD and HLHS patients

undergoing the Norwood procedure
c Three patients lost to follow-up

SV single ventricle

HLHS hypoplastic left heart syndrome
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Discussion

The reports on outcomes for patients with unbalanced

AVSDs undergoing biventricular repair are few and even

fewer for those undergoing single-ventricle palliation.

Drinkwater and Laks [7] reported on 45 unbalanced AVSD

patients, most of whom underwent pulmonary arterial

banding as an initial procedure. Of these patients, 34 sub-

sequently received modified Glenn shunts, with a hospital

survival rate of 91%. Five patients reportedly underwent

Fontan palliation, but the overall survival rate for this cohort

was not reported. Other smaller studies have reported

mortality rates ranging from 50% to 100% [3, 6, 15].

Our results further demonstrate that patients with an

unbalanced AVSD, specifically those undergoing single-

ventricle palliation, are a high-risk population with com-

parable short-term but diminished midterm survival rates in

relation to patients with more classic hypoplastic left heart

lesions undergoing similar surgical procedures at our

institution and others [9, 13, 19, 20]. The outcomes for

unbalanced AVSD patients undergoing an aortopulmonary

shunt alone (our institution prefers aortopulmonary shunts

to pulmonary arterial banding to generate restrictive pul-

monary blood flow) were comparable with those for the

HLHS Norwood cohort, suggesting that these patients may

have a better outcome than unbalanced AVSD patients

requiring a Norwood procedure. This could serve as

important data for counseling families with such infants.

Furthermore, although not statistically significant, extra-

cardiac anomalies such as chromosomal derangements and

heterotaxy syndrome likely contribute to the poor outcome

for these patients. Given that 73% of our patients had ex-

tracardiac anomalies (compared with 11% of the HLHS

cohort [19]), it is possible that with continued addition to

the cohort, this characteristic may prove to be an important

determinant of outcome. It also is possible that anomalies

in patients who did not survive were not discovered, hence

confounding the data.

Significant AV valve regurgitation occurs frequently

among patients with an unbalanced AVSD [10, 18], and

our data showed a 30% incidence of AV valve regurgita-

tion requiring intervention. The need for AV valve repair

or replacement resulted in a statistically significant increase

in mortality among our patients, indicating that this char-

acteristic is a significant risk factor for survival. Findings

also show atrioventricular valve regurgitation to be a risk

factor for HLHS patients undergoing single-ventricle pal-

liation [1, 14, 16]. The need for repair of anomalous

pulmonary venous drainage, found more frequently among

patients with an unbalanced AVSD, is almost certainly a

major risk factor, although our study cohort was too small

to show statistically significant differences in outcomes.

Our cohort did show a high rate of single-ventricle

palliation compared with two-ventricle repair. This likely

represents a significant referral bias because many patients

were transferred specifically for such palliation, and many

had severely hypoplastic left-sided structures. Because a

Table 3 Extracardiac anomalies (n): Overview of associated non-

cardiac lesions in patients with an unbalanced atrioventricular septal

defect (AVSD)

Chromosomal anomalies

Di George Syndrome (1)

Turner syndrome (2)

Mckusick-Kaufman syndrome (1)

C3 and 18 balanced translocation (1)

Down syndrome (3)

Jacobson syndrome (1)

Trisomy 13 (1)

Partial deletion of c15 (15p11-) (1)

Gastrointestinal abnormalities

Malrotation (10)

Duodenal atresia (2)

Hirschsprung disease (1)

Miscellaneous

Cystic hygroma (1)

Single kidney (2)

Absent vagina (1)

Heterotaxy (18)

Table 4 Risk factors associated with a worse outcome for patients with an unbalanced atrioventricular septal defect (AVSD)a

n Survivors n (%) P valueb Odds ratio (95% CI)c

Required AVV intervention 12 3 (25) 0.03 5.3 (1.1–24.9)

Fetal diagnosis 29 17 (59) 0.16 1.2 (0.4–4.3)

Extracardiac anomalies 32 13 (45) 0.5 1 (0.3–3.8)

Heterotaxy 18 10 (56) 0.5 0.7 (0.2–2.3)

CI confidence interval, AVV atrioventricular valve
a Only the need for AVV intervention was isolated as a significant risk factor for poor outcome
b Comparison between patients with and without a particular diagnosis
c Multivariable logistic regression analysis
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two-ventricle repair is preferable when feasible, new sur-

gical techniques and diagnostic criteria to determine

suitability for two-ventricle repair for patients with bor-

derline anatomy are important endeavors currently

underway [4, 5, 11].

Prenatal diagnosis of an unbalanced AVSD was deter-

mined for 69% of the patients in our cohort. However, no

statistically significant difference in outcome was found

between prenatally and postnatally diagnosed patients.

Varied findings of benefit from a prenatal diagnosis have

been reported for transposition of the great arteries [2],

hypoplastic left heart syndrome [21], pulmonary atresia

[22], and other disorders [12]. In our cohort of patients with

an unbalanced AVSD, although survival was perhaps

similar between those diagnosed pre- and postnatally, other

perinatal and postnatal morbidities may have occurred

without in utero diagnoses that could have been avoided

with prenatal knowledge of this lesion. Furthermore, the

psychological benefit of prenatal counseling for families

about probable outcomes and arrangements for labor and

delivery are undoubtedly valuable.

In summary, patients with an unbalanced AVSD are a

unique group with a wide variety of associated cardiac and

noncardiac lesions. Due to relatively poor midterm survival

rates for single-ventricle palliation, families should be

counseled appropriately, with particular emphasis on the

difference in survival rates between the more classic

hypoplastic heart lesions and the negative effects of any

known associated anomalies such as AV valve

regurgitation.
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