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Background. Left ventricular outflow tract obstruction
(LVOTO) is the second most frequent reason for reop-
eration after atrioventricular canal (AVC) defect repair.
Limited data are available on the mechanisms of
LVOTO, their treatment, and outcomes.

Methods. Between 1998 and 2010, 56 consecutive chil-
dren with AVC underwent 68 LVOTO procedures. The
AVC was partial in 4, transitional in 9, and complete in
43. The LVOTO procedure was required in 21 patients at
the primary AVC repair, and the initial LVOTO proce-
dure in 35 patients was a late reoperation after AVC
repair.

Results. During a mean follow-up of 50 � 41 months, 5
patients (24%) with LVOTO repair at AVC repair re-
quired a reoperation for LVOTO, and 7 patients (20%)
whose initial LVOTO repair was a reoperation required a

second reoperation for LVOTO repair. Overall freedom
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from LVOTO reoperation was 98.5% at 1 year, 92.5% at 3
years, 81% at 5 years, 72.2% at 7 years, and 52.5% at 10 and
12 years. The freedom from reoperation was neither
significantly different between partial, transitional, and
complete AVC (p � 0.78) nor between timing of the
LVOT procedure (p � 0.49). Modified single-patch AVC
repair was associated with a higher LVOTO reoperation
rate (p � 0.04). Neither the mechanisms leading to
LVOTO nor the surgical techniques used were indepen-
dent predictors of reoperation.

Conclusions. LVOTO in AVC is a complex and multi-
factorial disease. Aggressive surgical repair has im-
proved late outcomes; however, risk factors for reopera-
tion and the ideal approach for repair remain to be
defined.

(Ann Thorac Surg 2012;94:599–605)

© 2012 by The Society of Thoracic Surgeons
Left ventricular outflow tract (LVOT) obstruction
(LVOTO) is the second most frequent indication for

reoperation after primary atrioventricular canal (AVC)
repair, ranging from 1% to 7% [1–4]. The truncated base
to apex distance but elongated apex to aortic valve
distance predisposes to LVOTO [5]. Piccoli and col-
leagues [4] found potential factors predisposing to
LVOTO in 70% of patients in an analysis of 114 AVC
specimens, of which 21% were due to an abnormal
position of the papillary muscle and the remainder due to
intrinsic hypoplasia of the LVOT. More recently, Adachi
and colleagues [6] found that 52% in a series of 31
autopsy specimens of AVC had an anterosuperior exten-
sion of the ventricular septal defect (VSD) beyond the
atrioventricular junction, narrowing the LVOT diameter
independently of the depth of the VSD [6].

Accepted for publication April 2, 2012.

Presented at the Forty-eighth Annual Meeting of The Society of Thoracic
Surgeons, Fort Lauderdale, FL, Jan 28–Feb 1, 2012.

Address correspondence to Dr Myers, Department of Cardiovascular
Surgery, Children’s Hospital Boston and Harvard Medical School, 300
Few clinical data are available on the mechanisms of
LVOTO after AVC repair or on their treatment and
outcomes [7, 8]. Risk factors for the development of
LVOTO have not been defined. This report reviews the
causes of obstruction in 56 children with AVC, their
surgical management, and the midterm follow-up after
repair.

Material and Methods

The study was approved by the Children’s Hospital
Boston Institutional Review Board. Patient consent was
waived.

Study Design
This study is a retrospective review of all patients with
AVC who underwent an operation to relieve LVOTO
between 1998 and 2010 at our institution, regardless of
whether the initial AVC repair was done at our institu-
tion. Patients were excluded if they did not undergo
biventricular repair. The primary outcome measure was
the need for reoperation for recurrent LVOTO. Clinical
or treatment variables were recorded to determine pre-

dictors of reoperation.
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Surgical Technique
Cardiopulmonary bypass with moderate systemic hypo-
thermia was used in all patients. Myocardial protection
consisted of antegrade blood cardioplegia. The subaortic
area was accessed through an aortotomy or a right
atriotomy, or both, with transeptal access to the left
atrium. The techniques were tailored to the underlying
mechanism of obstruction. Accessory tissue and anoma-
lous septal attachments associated with the left atrioven-
tricular valve were resected through the aortic valve. The
left atrioventricular valve was often inspected through a
transeptal approach as well to ensure that chordal resec-
tion would not compromise left atrioventricular valvar
function and to test the valve after completing the repair.
A discrete subaortic membrane was bluntly and sharply
resected, and any hypertrophied or protruding myocar-
dium was resected. If the endocardial fibroelastosis ex-
tended up onto the ventricular aspect of the aortic valve
leaflets, the leaflets were thinned to allow for better
mobility, and fused commissures were incised. In tunnel-
like LVOTO, more extensive enlargement of the LVOT
was required, such as a modified Konno procedure.
Posterior deviation of the conal septum creating LVOTO
was treated by resection of the protruding myocardium.

Statistical Analysis
Statistical analyses were performed with SPSS 19 soft-
ware (SPSS Inc, Chicago, IL). Data are presented as mean �
standard deviation. Continuous variables were analyzed
with the Student t test or the related-samples Wilcoxon
signed rank test, when appropriate, and categoric vari-
ables were analyzed with the �2 test. Differences between
AVC group continuous variables were analyzed with
analysis of variance with Bonferroni post hoc correction.
Actuarial estimates were calculated using the Kaplan-
Meier method, and differences between curves assessed
by the log-rank test.

Univariable and stepwise Cox multivariable regression
analyses were used to identify the predictors of late
outcomes. Preoperative and operative variables with a
univariable p of less than 0.1 or those judged to be
clinically important were entered into the Cox models.
Hazards ratios for reoperation of risk factors were calcu-
lated using univariable and multivariable Cox propor-
tional hazards estimates. All statistical tests were two-
tailed and p values of less than 0.05 were taken as
significant.

Results

Demographics
From April 1998 through December 2010, 56 consecutive
children with common AVC defects underwent 68 oper-
ations to relieve LVOTO. Given the retrospective nature
of the study, the indication and timing for a procedure to
relieve LVOTO were not uniform. For LVOTO proce-
dures at AVC repair, this was most often based on the
anatomic aspect of the LVOT on echocardiography and

confirmed on surgical inspection, such as accessory atrio-
ventricular valve tissue under the superior bridging leaf-
let or accessory chords attaching from the superior bridg-
ing leaflet to the LVOT, and not on any predefined
echocardiographic-based or catheter-based estimation of
obstruction because gradients calculated in the setting of
a large VSD are often underestimated. In patients where
the VSD was essentially closed (reoperations after AVC
repair or at partial AVC repair), the gradient measured
by catheterization, along with LV hypertrophy, were
usually used as criteria. However, given the retrospective
nature of this study spanning 12 years, it was not always
possible to know the determinant factor that brought the
child back to the operating room.

Twenty patients (36%) had Down syndrome. The AVC
was partial in 4 patients (7%), transitional in 9 (16%) and
complete in 43 (77%). Among patients with complete
AVC, 34 were Rastelli type A (79%), 5 type C (12%), and
4 unknown (9%); furthermore, 3 had tetralogy of Fallot/
AVC variant, 1 had an interrupted aortic arch, and 2 had
heterotaxy syndrome. The complete AVC defect was
balanced in 25 patients, left dominant in 3, and right
dominant in 15. Limited data were available on the initial
AVC repair in 7 patients because it occurred at another
institution and they were referred for management of
late LVOTO. Indications for LVOTO repair were identi-
fication of subaortic stenosis before the initial AVC repair
in 21 patients and correction during the AVC repair, or
anatomic and hemodynamic obstruction by echocardiog-
raphy or catheterization after AVC repair in the remain-
ing patients, at a mean of 68.7 � 62.5 months from the
initial repair.

Common AVC Repair
Operations in 12 patients before AVC repair comprised
pulmonary artery banding in 5, coarctation repair in
1,aortic arch reconstruction in 2, and 1 patient each
underwent Norwood stage I palliation with a modified
Blalock-Taussig shunt; Damus-Kay-Stansel anastomosis;
bidirectional Glenn anastomosis and tricuspid valve re-
pair; pulmonary valvotomy, RVOT muscle bundle resec-
tion, and patch augmentation; mitral valvuloplasty; right
modified Blalock-Taussig shunt; and bidirectional Glenn
anastomosis and Fontan operation. The initial AVC re-
pair was done between 1981 and 2010. The overall mean
age was 16 � 32.8 months (median, 5; range, 0 to 15 years)
at AVC repair, 11.7 � 24.8 months in patients with
complete AVC, 12.8 � 12.5 months for transitional AVC,
and 7.1 � 7.1 years for patients with partial AVC.

The AVC repair consisted of double-patch repair in 27
patients, single-patch repair in 6, modified single-patch
repair (ie, “Australian” technique) in 5, single-patch repair
of the VSD component and direct ASD component repair
in 2, ostium primum patch repair in 8 patients with
partial or transitional AVC, and was unidentified in 8.
Procedures performed concomitantly to AVC repair
(other than LVOTO relief) are detailed in Table 1.

LVOTO at Initial Repair
At the initial operation, 21 patients required a procedure

to relieve LVOTO (2 with partial AVC). The mechanism
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of LVOTO consisted of accessory submitral tissue in 18,
accessory attachments and displacement of the septal
papillary muscle toward the LVOT in 3, a subaortic
membrane/muscle ridge in 1, and a posterior malalign-
ment VSD in 1 patient with interrupted aortic arch. The
operative techniques used are detailed in Table 2. Thir-
teen patients required the use of one technique, 6 re-
quired two techniques, and 2 required three techniques.

Reoperation for LVOTO
Among the 21 patients who required a procedure to
relieve LVOTO at their initial repair, 5 required reopera-
tion for recurrence of obstruction at a mean of 61 � 35
months (median, 69; range, 12 to 92 months) from the
initial repair. The mechanism of LVOTO recurrence was
a discrete subaortic membrane in 5 patients, septal hy-
pertrophy in 2, accessory submitral tissue or chords in 3,
and a displaced papillary muscle toward the LVOT in 1.
Lesions were mixed in 3 patients. None of these patients
required a further reoperation during a mean follow-up
of 37 � 36 months (median, 24; range, 3 to 142 months).

The initial LVOTO repair in 35 patients was as a late
reoperation after AVC repair at a mean of 68.7 � 62.5
months from the initial repair (median, 51; range, 0 to 272
months). The LVOTO repair was a reoperation in 40

Table 1. Concomitant Procedures to Primary Atrioventricular
Canal Defect Repair

Procedure No.

Takedown
Damus-Kay-Stansel 4
Bidirectional Glenn shunt 3
Blalock-Taussig shunt 1
Fontan 1

IAA repair, resection of conal septum 1
Aortic arch augmentation 3
Coarctation repair 3
Baffling hepatic veins to right atrium 1
Baffling LSVC to right atrium 1
Intramural coronary unroofing 1
RVOT patch augmentation 3
Muscular VSD repair 1
Pulmonary artery debanding 5
Diaphragmatic hernia repair 1
Lung biopsy 1

IAA � interrupted aortic arch; LSVC � left superior vena cava;
RVOT � right ventricular outflow tract; VSD � ventricular septal
defect.

Table 2. Operative Techniques of Subaortic Stenosis Relief
at Primary Atrioventricular Canal Repair

Technique No.

Conal septum resection 2
Submitral accessory tissue resection 18
Myectomy 8

Membrane resection 2
patients. The mechanism of LVOTO consisted of a dis-
crete subaortic fibromuscular membrane in 35 proce-
dures, submitral accessory tissue or accessory mitral
attachments to the septum and LVOT in 20, septal
hypertrophy or protrusion in 17, and papillary muscle
attachments to the LVOT in 2. Lesions were of more than
one etiology in half of the procedures, with two mecha-
nisms involved in 10 procedures and three mechanisms
involved in 10 procedures. The operative techniques
used are detailed in Table 3. Because the lesions were
mostly mixed, more procedures required several tech-
niques: 8 procedures included one of the techniques, 18
required two techniques, 12 required three techniques, 1
required four techniques, and 1 required five techniques.

The peak LVOT gradient decreased from a mean of
65.7 � 21 mm Hg before repair to 7.4 � 11.4 mm Hg (p �
0.001) after repair. The median grade of aortic regurgita-
tion after repair was 1 (trivial), with 1 patient with
moderate regurgitation and the rest with mild or less
regurgitation. Four patients presented with valvar aortic
stenosis, with gradients across the aortic valve distinct
from the prior gradient across the LVOT ranging from 15
to 35 mm Hg. Two patients (5%) required early epicardial
permanent pacemaker placement for complete heart
block.

There were no early deaths. Two patients died during
a mean follow-up of 50 � 41 months (median, 40.5; range,
2 to 156). One died after modified Konno aortic root
enlargement and the other of a noncardiac complication.

Overall, the peak LVOT gradient progressed to 41.6 �
42.1 mm Hg (p � 0.004 compared with after repair). The
median aortic regurgitation grade was 1 (trivial, p � 0.047
compared with early after LVOTO repair). One of the 4
patients with valvar aortic stenosis underwent a reopera-
tion for combined LVOTO repair and aortic valvotomy.

Seven patients required a new reoperation for LVOTO,
at a mean of 54 � 31 months from LVOTO repair. The
mechanism of recurrent LVOTO was a subaortic mem-
brane in 6 patients, septal hypertrophy in 2, and submi-
tral accessory tissue to the LVOT in 3. The reoperation
consisted of membrane resection in 5 patients, myectomy
in 2, submitral accessory tissue resection in 2, anterior
mitral leaflet augmentation in 1, and modified Konno
procedure in 3. Overall freedom from LVOTO reopera-

Table 3. Operative Techniques of Subaortic Stenosis Relief
at Reoperation

Technique No.

Resection of
Membrane 41
Submitral accessory tissue or attachments 22

Septal myectomy 27
Modified Konno 5
Aortic valve repair 9

Commissurotomy 3
Leaflet thinning 9
tion was 98.5% � 1.5% at 1 year, 96.8% � 2.3% at 2 years,
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92.5% � 3.6% at 3 years, 81.3% � 6.3% at 5 years, 72.2% �
8.3% at 7 years, and 52.5% � 11.6% at 10 and 12 years.

Risk Factors for LVOTO Reoperation
The Kaplan-Meier analysis stratified by AVC type is
illustrated in Figure 1, showing no significant difference
among the curves (log-rank test, p � 0.78). The freedom
from reoperation stratified by timing of the LVOTO
procedure is illustrated in Figure 2, with no significant
difference between reoperation rates if the LVOTO pro-
cedure was at the initial AVC repair or secondarily
during a reoperation (p � 0.49). The freedom from
LVOTO reoperation stratified by initial AVC repair tech-
nique is illustrated in Figure 3. The difference between
curves reached statistical significance (log-rank test, p �
0.02). Freedom from reoperation was 92.2% � 5.3% at 3
years, 74.9% � 10.5% at 5 years, and 37.4% � 27% at 10
years in patients with a double-patch AVC repair com-
pared with 70% � 18.2% at 3 years, 46.7% � 22.6% at 5
years, and 0% at 10 years in patients with a modified
single-patch repair. The difference between these two
specific curves was statistically significant (p � 0.04).

Preoperative and operative variables were entered into
univariable and stepwise multivariable Cox regression
models (Table 4 and Table 5). Of all of the variables
studied, only initial AVC repair using the modified sin-
gle-patch technique was predictive of reoperation for
LVOTO (hazard ratio, 3.83; 95% confidence interval, 1.03
to 14.2; p � 0.045) at univariable analysis compared with
double-patch repair. None of the studied variables were
independent predictors of LVOTO reoperation at multi-
variable analysis (data not presented).

Fig 1. Freedom from left ventricular outflow tract obstruction reop-
eration stratified by complete atrioventricular canal (AVC) repair
(solid line), transitional AVC (dashed line) repair, and partial AVC

(gray line) repair. The error bars show the standard deviation.
Comment

LVOTO remains a significant cause for reoperation in
AVC defects. The “goose-neck” deformity of the LVOT

Fig 2. Freedom from left ventricular outflow tract obstruction reop-
eration (black line) stratified by timing of outflow tract obstruction
repair relative to common atrioventricular canal defect repair. (Pri-
mary operation, dashed line.) The error bars show the standard
deviation.

Fig 3. Freedom from left ventricular outflow tract obstruction reop-
eration stratified by common atrioventricular canal repair in transi-
tional and complete common atrioventricular canal defects. The
analysis excluded eight procedures with an unidentified repair.
(Double-patch repair, black line; modified single-patch repair, dark
gray line; other repair, medium gray line; and ostium primum re-

pair, light gray line.) The error bars show the standard deviation.
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predisposes to obstruction in AVC because the LVOT is
narrowed and elongated due to a lower inflow-to-outflow
ratio of the LV [5] and increased aortic and left atrioven-
tricular valve separation [9], along with scooping out of
the ventricular crest [6].

This study has shown that the mechanisms clinically
responsible for LVOTO in AVC are complex and can

Table 4. Cox Regression Analysis of Predictors of
Reoperation

Variable

Univariable

HR (95% CI) p Value

Down syndrome 0.50 (0.14–1.85) 0.3
AVC type 0.80

Partial 1 (reference)
Transitional 1.18 (0.15–9.27) 0.88
Complete 0.69 (0.06–7.75) 0.77

AVC repair type 0.16
Double-patch 1 (reference)
Modified single-patch 3.83 (1.03–14.21) 0.045
Single patch 1.11 (0.21–5.97) 0.90
Single ventricular

septal defect patch
0.00 (0.00–0.00) 0.99

Ostium primum
patch

0.26 (0.03–2.32) 0.23

Age at AVC repair 0.99 (0.98–1.01) 0.46
Body surface area 0.31 (0.02–4.76) 0.40
Timing of LVOTO

repair
0.51

Primary 1 (reference)
Reoperation 0.68 (0.22–2.08) 0.50

Age at LVOTO repair 0.99 (0.98–1.004) 0.20
Mechanism of LVOTO

Fibroelastic
membrane

0.73 (0.24–2.25) 0.58

Septal hypertrophy 1.66 (052–5.23) 0.39
Accessory mitral

attachments or
tissue

0.55 (0.18–1.70) 0.30

Accessory papillary
muscle attachments

1.88 (0.23–15.13) 0.55

Number of
mechanisms

1.11 (0.52–2.35) 0.79

LVOTO repair
techniques

Membrane resection 0.49 (0.16–1.49) 0.21
Accessory submitral

tissue resection
0.67 (0.22–2.08) 0.49

Myectomy 0.63 (0.21–1.93) 0.42
Aortic valvuloplasty 2.53 (0.28–22.45) 0.40
Modified Konno 1.58 (0.20–12.68) 0.67
Conal septum

resection
0.05 (0.00–23,70,463) 0.74

Number of LVOTO
repair techniques

0.51 (0.21–1.22) 0.13

AVC � atrioventricular canal defect; CI � confidence interval; HR �
hazard ratio; LVOTO � left ventricular outflow tract obstruction.
include a range of the following: discrete fibroelastic
membrane, hypertrophic muscle, tunnel stenosis, acces-
sory atrioventricular valve tissue and attachments, ab-
normal papillary muscle position, malalignment of the
aorta over the septum, and iatrogenic by impingement by
a mitral prosthesis [4, 8, 10, 11]. This disease is difficult to
treat effectively, with a very high LVOTO reoperation
rate. In practically the only detailed series on this patient
population, van Arsdell and colleagues [8] reported a
37% reoperation rate after LVOTO repair in 19 patients
with AVC, with freedom from reoperation of 66% at 6
years, leading to the assumption that standard fibrous
ring resection and myectomy is palliative and that addi-
tional enlargement of the LVOT is necessary.

We report several interesting findings in the current
study. Firstly, the patient population that had a proce-
dure for LVOTO was different from the general AVC
population, with only 33% with Down syndrome and 40%
with unbalanced AVC, and later AVC repair for patients
with complete AVC defects partly due to secondary
referral from an other institution after initial manage-
ment in a single-ventricle pathway.

Secondly, we found an improved reoperation rate after
LVOTO repair with an aggressive surgical approach and
using combinations of various techniques, although the
reoperation burden remains high, at 21% overall, and the
freedom from reoperation exceeds 90% at up to 3 years,
81% at 5 years, and 72% at 7 years. The outcomes were
similar among the underlying types of AVC, whether
partial, transitional, or complete AVC defects. We also
note that the techniques were tailored and combined to
the underlying anatomy; only 3 patients with an isolated
fibromuscular subaortic membrane were managed with
membrane resection alone because the subaortic mem-
brane as in this subset is a manifestation of abnormal
flow in the LVOT and not the lone cause of LVOTO.

Thirdly, we report LVOTO management at initial AVC

Table 5. Cox Regression Analysis of Predictors of
Reoperation Specific to Complete Common Atrioventricular
Canal

Variable

Univariable

HR (95% CI) p Value

Complete AVC variant 0.82
None 1 (reference)
Tetralogy of Fallot 0.95 (0.12–7.36) 0.96
Heterotaxy 0.00 (0–) 0.99
Interrupted aortic arch 1.92 (0.24–15.29) 0.54

Complete AVC
dominance

0.34

Balanced 1 (reference)
Right dominant 2.74 (0.69–10.94) 0.15
Left dominant 2.80 (0.27–29.27) 0.39

Rastelli classification 0.74
Type A 1 (reference)
Type C 0.97 (0.12–7.98) 0.98
AVC � atrioventricular canal defect; CI � confidence interval; HR �
hazard ratio.
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repair. LVOTO is frequently underestimated before AVC
repair because of the low systemic cardiac output and
high left-to-right shunt, which results in artificially low
gradient. The decision to treat suspected LVOTO at AVC
repair lies more on the anatomic aspect on echocardiog-
raphy and during surgical repair than measurable pre-
operative hemodynamic indicators. Our approach has
been relatively aggressive in this subset of patients. The
data appear to support this paradigm: the outcomes were
similar between patients who had LVOTO repair at
primary AVC repair and those who required reoperation
for LVOTO after AVC repair.

Finally, we find it interesting that the modified single-
patch repair of complete AVC defects was associated
with a higher incidence of reoperation. Although some
authors suggest that using a patch in an already small
LVOT could predispose to granulation and progressive
LVOTO from reaction to the patch, this was not the cause
of LVOTO in any of our patients. Adachi and colleagues
[6] reported in a study of complete AVC specimens that
52% had significant “scooping” of the VSD crest, for
example, an anterosuperior extension of the VSD behind
the left atrioventricular valve annulus, independent of
depth of the VSD toward the apex. They postulated that
AVC repairs that forgo a VSD patch, such as the modified
single-patch repair, could predispose to a small LVOT
and risk of obstruction [6].

Our outcomes data tend to support this hypothesis,
with significantly more reoperations in modified sin-
gle-patch repairs, although we use this AVC repair
technique relatively less frequently than double-patch
or classic single-patch repairs. We have not used the
no-patch repair, which has been reported in a limited
number of patients with no reoperations for LVOTO
[12, 13]. We attempted to review imaging of this
ventricular scoop on echocardiograms done before the
AVC repair; however, the available images only
showed the parasternal long-axis view of the LV,
showing the anteroposterior diameter of the LVOT but
not the septum in this area.

This study has several limitations. It is a retrospective
review of LVOTO reoperations in AVC patients and
represents a 12-year period of evolving experience with
managing this disease. Any inferences drawn from these
data are thus limited by confounding variables, such as
AVC type, repair type, and mechanism of LVOTO and
techniques used to treat them, as well as duration of
follow-up, which are differently distributed between
study groups. Our sample size also limits our ability to
perform extensive statistical adjustments for these differ-
ences. Nonetheless, this study reports a large number of
patients and procedures on the problem of LVOTO in
AVC patients, and attempts were made to correct for
these potential confounders.

The choice of type of AVC repair was at the discretion
of the operating surgeon. This introduces the risk of
selection bias because the modified single-patch repair

was used primarily in patients with a small VSD, whereas
single-patch or double-patch repair are the standard of
care for most surgeons at our institution, depending on
the anatomy and surgeon preference.

This study was not designed to identify predictors for
reoperation in all AVC repairs, which explains why most
known risk factors for LVOTO were not found to be
significant. However, the prevalence of Rastelli type A
lesions, unbalanced AVC (35% right-dominant complete
AVCs), and AVC variants was increased within this
subgroup of AVC patients. This was a very challenging,
complex group of patients overall, with several patients
previously managed with single-ventricle palliation and
a relatively high age at complete AVC repair (12 months)
compared with the mean age at complete AVC repair at
our institution (age 3 to 4 months).

This study also only identified patients with AVC and
an LVOT operation, regardless of where the AVC repair
was done. This design permitted the analysis of a greater
number of LVOT operations at the expense of not being
able to have a comparison group of AVC patients who
did not require LVOTO repair or to study predictors at
the initial AVC repair for late LVOTO reoperation. Had
the study included only patients with a complete, bal-
anced AVC with no associated lesions and with an AVC
repair at our institution, only 18 patients would have
been included (5 at AVC repair, the rest as a reoperation).
Prior studies have looked at the prevalence of LVOTO in
AVC patients, and the goal of this study was to report the
widest possible available patient population within the
spectrum of AVC defects.

In conclusion, LVOTO in AVC is a complex, multifac-
torial disease that is difficult to address. Aggressive
surgical repair has improved late outcomes; however,
risk factors for reoperation, and the ideal approach for
repair remain to be defined.
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DR EMILE A. BACHA (New York, NY): While people are
thinking about questions; I do not use the modified single-patch
technique much at all, but in defense of the technique, if you
have a very shallow ventricular septal defect, sometimes it is
wrong to put a patch there because you are going to disrupt the
valve more than if you plicate it primarily. We are going to have
a proponent speak in a minute, but we have to remember that
there are indications that I think are still good for that technique.

DR CARL LEWIS BACKER (Chicago, IL): That was a nice
presentation. This is a difficult group of patients. I was curious
that your incidence of left ventricular (LV) outflow tract obstruc-
tion was so high with the modified single patch or Australian
technique. In Graham Nunn’s series, they had over 120 modified
single-patch operations with no instances of left ventricular
outlet obstruction requiring resection with up to a 15-year
follow-up. In our own series from Children’s Memorial Hospital,
we now have 56 modified single-patch procedures. Only one
patient has had an LV outflow tract obstruction (LVOTO)
operation for discrete subaortic stenosis in a child who also had
about the way we have done the operation and the way Graham
Nunn did the operation and the way you are doing the opera-
tion. Any comment on this?

DR MYERS: Thank you very much, Dr Backer. I would like to
qualify that all patients included could have had their primary
atrioventricular canal repair done anywhere, as long as they had
a diagnosis of atrioventricular (AV) canal repair and required
LVOT reoperation at our institution.

Another element is that we use the modified single-patch
technique relatively seldom, and it may be a patient selection
issue that we were not able to correct for. Although it was a
predictor at univariable analysis and in the Kaplan-Meier curves
stratified by AV canal repair type, the multivariable analysis
didn’t confirm the modified single patch technique as an inde-
pendent predictor of reoperation.

DR BACHA: So was the follow-up different between the differ-
ent techniques?
DR MYERS: No, it was not significantly different.
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