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Abstract

OBJECTIVES: There are limited data available on the height of the ventricular component of the septal deficiency (VSD) in patients under-
going complete atrioventricular septal defect (CAVSD) repair. VSD height may influence optimal choice of repair strategy with potential
consequences for long-term outcomes. We aimed to measure VSD height using 2-dimensional echocardiography and review its associa-
tion with postoperative outcomes.

METHODS: We retrospectively reviewed the preoperative echocardiograms of 45 consecutive patients who underwent CAVSD repair be-
tween May 2010 and December 2015 at a single centre. VSD height and left ventricular length on the four-chamber view were measured.
Demographic details and early and late outcomes including reoperation and long-term survival were studied.
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RESULTS: Twenty patients underwent modified single-patch repair and 25 patients underwent double-patch repair of CAVSD. VSD height
in the modified single-patch group ranged from 4.2 to 11.7 mm and in the double-patch group ranged from 5.1 to 14.9 mm. Nine patients
had a deep ‘scoop’ with a VSD height of >10 mm, (7 double patch, 2 modified single patch). VSD height did not correlate with a specific
Rastelli classification. There was no significant difference in the VSD height (P = 0.51) or the VSD height-to-left ventricular length ratio
(P = 0.43) between the 2 repair groups. There was no 30-day mortality. Eight patients required reoperation; however, VSD height was not a
significant predictor of reoperation (hazard ratio 0.95, 95% confidence interval 0.69–1.33; P = 0.08).

CONCLUSIONS: There was no correlation between VSD height and risk of reoperation after CAVSD repair. A deep ventricular scoop is un-
common in CAVSD patients.
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ABBREVIATIONS

2d2 Dimensional
CAVSD Complete atrioventricular septal defect
DP Double patch
HR Hazard ratio
LAVV Left atrioventricular valve
LV Left ventricular
LVOT Left ventricular outflow tract
LVOTO Left ventricular outflow tract obstruction
MSP Modified single patch
VSD Ventricular septal defect

INTRODUCTION

Recent studies [1] have demonstrated no significant difference in
long-term outcomes based on the surgical repair technique fol-
lowing repair of complete atrioventricular septal defect (CAVSD).
The 2 most commonly employed repair strategies are the modi-
fied single-patch (MSP) and the double-patch (DP) techniques.
The DP technique has been the most extensively utilized tech-
nique and involves placement of separate atrial and ventricular
septal patches. In contrast, the MSP technique, which was devel-
oped by Wilcox et al. [2] and Nunn [3, 4] independently in the
1990s, has rapidly grown in popularity due to its relative techni-
cal ease, as there is no requirement to size a ventricular septal
patch (as with the DP technique) or to divide bridging leaflets (as
in the classical single-patch technique). However, a large ventric-
ular component to the septal deficiency, especially with a deep
ventricular septal defect (VSD), continues to be a concern for
some surgeons when considering whether to perform the MSP
technique for CAVSD repair [5]. There has long been concern
both for the propensity to develop left ventricular outflow tract
obstruction (LVOTO) and for the potential impact on left atrio-
ventricular valve (LAVV) function with the MSP technique [6–10]
due to the approximation of the valvar leaflets to the ventricular
septal crest. Although previous studies [1] demonstrate compara-
ble outcomes with both MSP and DP techniques, it is impossible
to control for surgeon preference in choosing repair technique
based on subtleties of CAVSD anatomy such as VSD height and
depth of septal scoop.

Echocardiography is an essential part of the preoperative as-
sessment of CAVSD patients prior to repair [11] and its evolution
over time has revolutionized the diagnosis and management of
patients with CAVSD [12]. Previous echocardiographic studies
have demonstrated no significant difference in the LAVV annulus
size, tenting height, size of vena contracta and left ventricular

outflow tract (LVOT) volumes in patients undergoing the DP and
MSP technique [13, 14]. However, there are currently limited
data available in the literature regarding the VSD height or
‘scoop’ depth [5, 15] and its correlation with the chosen surgical
technique and clinical outcomes. These anatomical data are im-
portant as the depth of the septal ‘scoop’ may influence the likeli-
hood of LVOTO or LAVV regurgitation following different repair
strategies [5]. This study aimed to determine the prevalence of a
deep ventricular ‘scoop’ in patients undergoing CAVSD repair
and review its association with postoperative outcomes and re-
pair technique (DP vs MSP).

PATIENTS AND METHODS

Patient population

A total of 47 consecutive patients who had undergone biventric-
ular surgical repair of CAVSD between May 2010 and December
2015 were identified from institutional databases located at The
Children’s Hospital at Westmead, Sydney, Australia. Preoperative
echocardiograms were available for analysis in 45 patients who
were included in the study. Patients with an associated diagnosis
of tetralogy of Fallot and other conotruncal defects were ex-
cluded. The study was approved by the Sydney Children’s
Hospital Network Human Research Ethics Committee (HREC/16/
SCHN/216) and the need for individual patient consent was
waived.

Two-dimensional echocardiographic assessment

Two separate operators independently measured the size of the
ventricular component of the septal deficiency (VSD height) and
the left ventricular (LV) length on the four-chamber view at end-
diastole (Fig. 1). The VSD height was defined as the distance from
the deepest point of the ventricular component at the level of
the atrioventricular junction to the intersection between the
atrioventricular valve components. Since the size of the hearts
varied within this study, the measurements were standardized by
measuring the LV length, as a marker of LV size. LV length was
defined as the distance from the LV apex to the intersection of
the atrioventricular valve components at the atrioventricular
junction. The ratio of the VSD height to LV length was then calcu-
lated for comparison. Since the LV apex may not be included
in the four-chamber view, an assessment of foreshortening
[where the 2-dimensional (2D) ultrasound plane does not cut
through the true apex] was also made due to the risk of underes-
timating the LV dimension on this view. The mean values of these
2 measurements were then used as final discrete values.
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Surgical technique

The procedural details for repair of CAVSD have been reported
previously [16]. Briefly, all CAVSD repair operations were per-
formed via a median sternotomy with aortobicaval cannulation
and moderate hypothermia with either the DP or modified
single-patch (MSP) technique depending on the surgeon prefer-
ence. Patient follow-up data were obtained through hospital,
clinic, and cardiologist medical records. Overall median follow-
up duration was 4.2 (interquartile range 2.8–5.8) years.

Statistical analyses

Continuous variables were described as median and range and
categorical variables were compared using the Pearson’s v2 or
Fisher’s exact test. Differences between continuous variables were
analysed using the Mann–Whitney U-test for 2 samples. Risk fac-
tors for time to first reoperation were modelled using Cox regres-
sion modelling with the associated hazard ratio (HR) estimated.
P-value <0.05 was considered statistically significant. Statistical
analyses were performed with SPSS 25.0 for Mac (SPSS, Chicago,
IL, USA).

RESULTS

Patient characteristics

Of the 45 patients identified, 20 underwent MSP and 25 under-
went DP repair of CAVSD. Table 1 lists the patient demographic
details with no significant differences demonstrated between the
2 groups based on repair technique. The median age at the time
of repair was 4.2 (interquartile range 2.3–5.7) months for MSP
and 3.5 (interquartile range 2.5–4.3) months for the DP group
with no significant difference between groups (Table 1, P = 0.52).
The zone of apposition was closed in all MSP cases and in 23/25
(92%) of DP cases. The cardiopulmonary bypass and aortic cross-
clamp times were significantly shorter in the MSP group com-
pared with the DP group (Table 1).

Ventricular septal defect height

The VSD height in the MSP group ranged from 4.2 to 11.7 mm
with a mean height of 7.3 ± 1.9 mm, and in the DP group, the
VSD height ranged from 5.1 to 14.9 mm with a mean height of
8.3 ± 2.4 (Table 2). Figure 2 demonstrates the broad range of VSD
heights at the time of CAVSD repair, with 9 patients (7 DP, 2
MSP) having a deep ‘scoop’, defined as a VSD height >10 mm.
There was no significant difference in mean VSD height (P = 0.51),
or deep ‘scoop’ (P = 0.13) between the 2 repair groups (P = 0.51,
Table 2).

Ratio of ventricular septal defect height to left
ventricular length

The ratio of the VSD height to LV length varied widely in both
groups, ranging from 14% to 47% (Fig. 3A). There was no signifi-
cant difference in the VSD height-to-LV length ratio between the
2 repair strategies (P = 0.43) or in LV length between groups
(P = 0.69). Foreshortening was present in 7 patients (28%) in the
DP group and 5 patients (25%) in the MSP group and was not
significantly different between groups.

Rastelli classification

Rastelli classification was confirmed at the time of surgery by the
operator and included 20 Rastelli A, 1 Rastelli B and 24 Rastelli C
patients. The distribution of Rastelli types did not differ signifi-
cantly between the 2 repair groups (Table 1, P = 0.49). The height
of the VSD did not correlate with a specific Rastelli class (Fig. 3B).

Reoperation and survival

Eight patients required reoperation during follow-up with 7
patients requiring reoperation during their index hospital admis-
sion. Indications for early reoperation were closure of residual
VSD in 1 patient and significant LAVV regurgitation in 6 patients

Figure 1: Demonstration of measurements of the VSD height and LV length measured using 2-dimensional echocardiography on four-chamber view. LV: left ventricu-
lar; VSD: ventricular septal defect.
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(Table 3). One patient who had undergone DP repair required
late reoperation for LVOTO.

Two patients with a deep VSD required reoperation. Both
patients had undergone previous DP repair and required reoper-
ation for LVOTO and severe LAVV regurgitation, respectively.
Utilizing Cox regression, VSD height was not a significant predic-
tor of reoperation (HR 0.95, 95% confidence interval 0.69–1.33;
P = 0.77). There was no 30-day mortality. Two patients died dur-
ing long-term follow-up due to cardiac failure and respiratory
failure, respectively.

COMMENT

Repair of CAVSD is a challenging intra-cardiac operation and
several factors influence the surgeon’s choice of repair technique
including subtleties of the underlying anatomy, patient age and
size, associated cardiac abnormalities, operative experience, and
institutional repair preferences. Regardless of repair technique

utilized, reoperation for LAVV dysfunction and LVOTO remain
important long-term concerns. With evolution of the MSP tech-
nique, more focus has been placed on the extent and nature of
the VSD with regards to repair technique and the risk of LAVV
dysfunction and development of LVOTO post-CAVSD repair.
Although there is no clear evidence that VSD height impacts out-
comes following CAVSD repair, it is often considered as one of
the criteria guiding choice of repair technique. Backer et al. [10]
considered a VSD height of >12 mm to be an indication for DP
repair. Importantly, our study suggests that a deep ventricular
scoop is uncommon in CAVSD patients, with the VSD being
<_10 mm in 80% of patients in our cohort. Moreover, there does
not appear to be a clear VSD height ‘cut-off’ at which risk the of
reoperation increases.

Concern regarding the impact of a deep ventricular ‘scoop’ on
the postoperative outcome after MSP repair of CAVSD continues
to be an issue for some surgeons when considering whether to
perform this technique. This relates to the distance that the AV
valve leaflet tissue must be displaced down and fixed to the

Table 1: Patient and operative characteristics of complete atrioventricular septal defect repair

Characteristics MSP (n = 20) DP (n = 25) P-value

Age at AVSD repair (months), median (IQR) 4.2 (2.3–5.7) 3.5 (2.5–4.3) 0.52
Weight (kg), median (IQR) 4.5 (3.8–5.5) 4.5 (3.6–5.2) 0.59
Female gender, n (%) 11 (55) 11 (44) 0.46
Down syndrome, n (%) 9 (45) 10 (40) 0.74
Associated cardiovascular anomalies, n (%)

Coarctation of aorta 1 (5) 2 (8) 0.69
DOLAVV 0 3 (12) 0.11
Single papillary muscle 0 3 (12) 0.11
LVOTO 0 0
Preoperative ECHO LAVVR >_ 3 3 (15) 2 (8) 0.46

Rastelli class, n (%) 0.49
A 8 (40) 12 (48)
B 1 (5) 0
C 11 (55) 13 (52)

Prior PAB, n (%) 4 (20) 2 (8) 0.24
Management of zone of apposition, n (%) 0.20

Complete closure 20 (100) 23 (92)
Left open 0 2 (8)

Cardiopulmonary bypass time (min), mean ± SD 126 ± 45 167 ± 57 0.001
Aortic cross-clamp time (min), mean ± SD 88 ± 38 132 ± 50 0.0001
Postoperative ECHO LAVVR grade, n (%) 0.83

None 0 1 (4)
Trivial 3 (15) 3 (12)
Mild 13 (65) 16 (64)
Moderate 4 (20) 5 (20)
Severe 0 0

30-Day PPM insertion, n (%) 1 (5) 0 0.26

AVSD: atrioventricular septal defect; DOLAVV: double orifice left atrioventricular valve; DP: double patch; IQR: interquartile range; LAVVR >_ 3: moderate or greater
left atrioventricular valve regurgitation; LVOTO: left ventricular outflow tract obstruction; MSP: modified single patch; PAB: pulmonary artery banding; PPM: per-
manent pacemaker; SD: standard deviation.

Table 2: Echocardiographic features before complete atrioventricular septal defect repair

Characteristics MSP (n = 20) DP (n = 25) P-value

Mean VSD height, mean ± SD 7.3 ± 1.9 8.3 ± 2.4 0.51
Mean LV length, mean ± SD 27.1 ± 4.4 28.6 ± 7.4 0.69
Mean VSD height to LV length ratio, mean ± SD 0.28 ± 0.08 0.30 ± 0.08 0.43
Deep scoop (VSD height >10 mm), n (%) 2 (10) 7 (28) 0.13

DP: double patch; LV: left ventricular; MSP: modified single patch; VSD: ventricular septal defect.
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Figure 2: (A) Graphical representation of VSD height and LV length in complete atrioventricular septal defect patients stratified by repair technique. (B) VSD height
stratified by need for reoperation and complete atrioventricular septal defect repair type. LV: left ventricular; VSD: ventricular septal defect. Double patch (red dia-
mond) and modified single patch (blue circle).

Figure 3: (A) Graphical representation of VSD height-to-LV length ratio stratified by CAVSD repair technique. (B) VSD height in CAVSD patients stratified by Rastelli
class and repair technique; CAVSD: complete atrioventricular septal defect; LV: left ventricular; VSD: ventricular septal defect. Double patch (red diamond) and modi-
fied single patch (blue circle).
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ventricular septal crest, which may alter LAVV function or result
in further elongation of the LVOT when the VSD is deep.
Although numbers are small and the overall differences were not
significant, there appears to be a preference amongst surgeons in
our unit towards repair with the DP technique when there is a
deep VSD scoop defined by a VSD height >10 mm. Seven of
these patients were in the DP group compared with only 2 in the
MSP group; however, it is impossible to know whether the ap-
proach to these patients altered the overall outcome in this
study. A larger study is required to address the question of
whether the type of repair technique alters outcome in patients
with a VSD height >10 mm.

Anatomical studies focusing on the morphological aspects of
CAVSD illustrate the close relationship between the VSD height
and LVOT diameter [15, 17]. A morphometric analysis by Adachi
et al. [5] found 16 of 43 atrioventricular septal defect heart speci-
mens had anterosuperior extension of the scoop, associated with
a skewed shape of the scoop and significantly narrower LVOT.
They suggested that not only the VSD height was important, but
also the presence of anterosuperior extension could affect valvar
competence after MSP repair. However, assessing for the pres-
ence of anterosuperior extension can be quite challenging with
conventional 2D echocardiography techniques, and subsequent
studies [1, 9] have failed to show a difference in reintervention
for LVOTO between MSP and DP repair. With regard to LAVV
function, there is evidence that the LAVV annulus has more sys-
tolic contraction with the MSP technique compared to DP repair
with no other identifiable differences in mechanics of LAVV func-
tion following repair with the 2 techniques [14]. Despite the small
cohort size, this finding suggests that LAVV function is not nega-
tively impacted by use of the MSP technique as suggested by
equivalent rates of LAVV reintervention in our study and previous
studies [1].

2D echocardiography has been the cornerstone of CAVSD di-
agnosis and preoperative assessment [11], being both non-
invasive and widely accessible. However, recent advances [12] in
3-dimensional echocardiography may provide the opportunity
to better understand the anatomical defects of CAVSD due to
better depth perception and resolution allowing better sensitivity
in determining complex leaflet and LVOT abnormalities [18], as
well as mechanisms for failed repair [19]. The issue with correlat-
ing preoperative CAVSD anatomy and long-term outcomes is the
length of time it takes to accrue useful long-term follow-up data.
Future studies correlating 3-dimensional echocardiography as-
sessment and failed repair during long-term follow-up would be
beneficial.

Limitations

This study was limited by its small sample size, retrospective na-
ture, single-centre nature and the inability to control for surgeon
preference or decision-making in choice of repair technique. All
measurements were performed using available images stored
from the patient’s preoperative transthoracic echocardiogram
and were therefore limited to the imaging data available. The 2D
definition of the transthoracic echocardiogram and any fore-
shortening may have resulted in underestimation of the LV
length dimensions.

CONCLUSIONS

There was no correlation observed between the VSD height and
risk of reoperation after CAVSD repair and mean VSD height was
similar between repair techniques. Whilst a deep ventricular scoop
is uncommon in CAVSD patients, there appears to be surgeon
preference for the DP technique in these patients, and further
studies on this particular subgroup are needed. Measurement of
the VSD height should be an essential part of the standard preop-
erative assessment of CAVSD patients in the current era.
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