
Background: This study aimed to present the short- and midterm outcomes after complete atrioventricular canal defect (CAVC) repair 
using a single-patch technique. 
Methods: This study included 30 children who underwent surgical correction of the CAVC using a single-patch technique. 
Results: The median age of the patients was 5.7 months (interquartile range [IQR], 5.0–7.5 months), and 23 patients (76.7%) had type 
A CAVC. Fourteen patients (46.7%) were female and 17 (56.7%) had been diagnosed with Down syndrome. The in-hospital mortality 
rate was 0%. No deaths were observed during a median follow-up of 4 years (IQR, 3.5–5.0 years). Patients without Down syndrome 
were associated with late moderate mitral regurgitation (MR) (p=0.02). Late MR less than moderate degree was observed in 96.6%, 
78.5%, and 50% of patients after 2, 4, and 5 years of follow-up, respectively, while late tricuspid valve regurgitation less than moder-
ate degree was observed in 96.7%, 85.9%, and 59.0% of patients after 2, 4, and 6 years of follow-up, respectively. After a median fol-
low-up of 4 years, only one patient had required surgical repair of a left ventricular outflow tract obstruction, which occurred 26 
months after the first operation. Multivariable logistic regression analysis adjusted for the type of CAVC, sex, Down syndrome, age, and 
weight revealed that the absence of Down syndrome was a risk factor for late moderate MR (MR-2) (odds ratio, 0.05; 95% confidence 
interval, 0.006–0.50; p=0.01). 
Conclusion: A single-patch technique for CAVC surgical repair is a safe method with acceptable short- and midterm results. 
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Introduction 

Atrioventricular (AV) septal defects include a spectrum of cardiac 

malformations characterized by varying degrees of incomplete de-
velopment of the inferior portion of the atrial septum, inflow por-
tion of the ventricular septum, and AV valves. This group of defects 
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can be further subdivided into partial, intermediate, and complete 
forms. In the complete AV canal (CAVC) form of AV septal de-
fects, the key element is the presence of a single AV valve that is 
common to the right and left AV chambers. The central aspect of 
this orifice is usually contiguous, with an ostium primum type of 
atrial septal defect above and a defect in the ventricular septum be-
low [1]. Rastelli et al. [2] classified complete AV septal defects into 
types A, B, and C and highlighted the variable degree of bridging 
by the left superior leaflet in a continuous spectrum of leaflet and 
chordal anatomies. Since the first successful repair of a complete 
AV septal defect by Lillehei in 1955, three different techniques 
have been employed. The modified single-patch technique was in-
troduced by Wilcox et al. [3] and Nicholson et al. [4]. All tech-
niques (double-patch, single-patch, and modified single-patch) are 
in use today; but, until now, there has been no comparison be-
tween them. Comparing outcomes between the modified sin-
gle-patch and double-patch surgical techniques seem difficult since 
the disease is heterogeneous and rare, and the surgeon may have a 
preference for the technique used. Although the double-patch 
technique seems to be a more thorough anatomical repair, the 
modified single-patch technique has an easier and faster learning 
curve, and uses a simplified approach [5,6]. 

Patients with repaired CAVCs represent a substantial percentage 
of grown-up congenital heart disease cases, and the efficacy of 
these techniques has been verified over the years. Herein, we pres-
ent the midterm results from one center after CAVC repair using 
the modified single-patch technique. 

Methods 

Ethical statements: The study was performed in accordance 
with the ethical standards of the institutional and/or national 
research committee and with the 1964 Declaration of Helsin-
ki and its later amendments or comparable ethical standards. 
The study was approved by the Institutional Review Board 
and Ethics Committee of Onassis Cardiac Surgery Center 
(No. 705/15.01.2021). Informed consent for surgery was ob-
tained preoperatively from the relatives of the children.

1. Study population 
The study included 30 children who underwent CAVC repair us-
ing the single-patch technique from 2015 to 2022 in a single cardi-
ac surgery center. The surgical procedure was performed by three 
surgeons. All patients were preoperatively evaluated by a cardiolo-
gist and transthoracic echocardiography (TTE). The classification 
of CAVC was based on the Rastelli classification [2]. Type B 

CAVC was not observed in any patient. All perioperative and fol-
low-up data were recorded in our database. Postoperative length of 
stay in the intensive care unit and in the hospital was recorded. 

The patients were followed up in the outpatient clinic with rou-
tine clinical examinations and TTE. ΤΤΕ was performed during 
the hospital stay, 1 week after hospital discharge, and every 6 
months thereafter. AV valve function postoperative and at fol-
low-up was evaluated using TTE. The last follow-up date was the 
date when TTE was performed. Currently, there are no clear crite-
ria for grading mitral regurgitation (MR) in children. New echo-
cardiographic indices and classification systems for semiquantita-
tive and quantitative evaluations have been proposed for adults; 
however, their validity and reproducibility in children are un-
known. Quantitative assessment is often important to guide the 
management of children with MR [7]. Postoperative MR and tri-
cuspid valve regurgitation (TR) were initially classified as follows: 
without, mild, moderate, and severe [7]. Furthermore, for the pur-
pose of this study and data analysis, the postoperative and fol-
low-up MR and TR were divided into two groups based on degree 
(trivial-to-mild regurgitation MR and mild-to-moderate regurgita-
tion MR). MR-1 and TR-1 were defined before discharge, while 
MR-2 and TR-2 were defined at follow-up.  

2. Surgical technique  
All patients underwent midline sternotomy. In cases of previous 
pulmonary artery banding (PAB), redo midline sternotomy was 
performed. Fresh pericardium was used in all cases. Standard aor-
tic and bicaval venous cannulation was performed by placing the 
patient on cardiopulmonary bypass with the superior vena cava 
cannula first. A vent was placed in the left heart through the right 
superior pulmonary vein. The patient was cooled to 34°C. Histi-
dine-tryptophan-ketoglutarate solution was used for cardioplegia. 
The modified single-patch technique was used in all cases [1,3,4]. 
In cases where PAB had caused pulmonary artery stricture, pulmo-
nary artery plasty was also performed using a piece of bovine peri-
cardium. In one case, the sternum was left open after leaving the 
theater and was closed the next day uneventfully. 

3. Statistical analysis 
Continuous variables are presented as median (interquartile range 
[IQR]) and the rest as number (percentage). The normality of 
variable distribution was tested using the Shapiro-Wilk test, histo-
grams, and Q-Q plots. The Student t-test, Mann-Whitney test, chi-
square test, or Fisher exact test were used for data analysis. Correla-
tions between variables were examined using Spearman (rs) or 
Pearson (r) correlation coefficients. Binary logistic regression anal-
ysis was implemented to identify the possible risk factors for post-
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operative MR and TR, and the effect size was presented as the 
odds ratio (OR). The confidence interval (CI) was set at 95%. Sta-
tistically significant differences were considered if p < 0.05. IBM 
SPSS ver. 25 for Windows (IBM Corp., Armonk, NY, USA) was 
used for data analysis. 

Results 

Of the 30 patients who underwent surgery, 23 (76.7%) had type A 
CAVC. The median age of the patients was 5.7 months (IQR, 5.0–
7.5 months). There were 14 female patients (46.7%) and 17 pa-
tients (56.7%) with Down syndrome (trisomy 21). 

None of the patients had other genetic abnormalities. Regarding 
defect size, the ventricular component ranged from 12 to 16 mm, 
and the atrial component ranged from 11 to 21 mm. Previous PAB 
was recorded in six patients (20.0%). The median aortic cross-
clamp (ACC) time was 92 minutes (IQR, 74–105 minutes). Oth-
er perioperative details are listed in Table 1. No difference in car-
diopulmonary bypass and ACC times was observed between pa-
tients with and without previous PAB (p > 0.05 for both; t-test and 
Mann-Whitney test, respectively) (Table 2). Postoperative MR-1 
(mild-to-moderate) and TR-1 (mild-to-moderate) were not asso-
ciated with the type of CAVC, previous PAB, sex, or presence of 
trisomy 21 (all p > 0.05) (Table 3). In addition, patient age and 
weight at the time of surgery were not associated with MR-1 and 
TR-1 (all p > 0.05) (Table 3). In contrast, patient weight at the 
time of surgery was closely associated with TR-1 (p = 0.06), while 
age was not (p = 0.27) (Table 3). In two cases, postoperative chy-
lothorax was observed, which was treated medically. The median 
in-hospital length of stay was 8 days (IQR, 7–9 days), while the 30-
day mortality and in-hospital mortality were both 0%. Early or late 
pacemaker implantation was not required in any patient. 

The median follow-up of patients was 48 months (IQR, 42–60 
months). No deaths were observed during follow-up. The degree 

Table 1. Perioperative details 

Variable Data
No. of patients 30
Type of CAVC
 A 23 (76.7)
 C 7 (23.3)
Female sex 14 (46.7)
Down syndrome 17 (56.7)
Age (mo) 5.7 (5.0–7.5)
Weight (kg) 6.8 (5.8–8.2)
Previous PAB 6 (20.0)
Aortic cross-clamp time (min) 92 (74–105)
Cardiopulmonary bypass time (min) 122.5 (98–132)
Degree of postoperative AV regurgitation
 Postoperative MR
  Trivial 4 (13.3)
  Mild 9 (30.0)
  Moderate 17 (56.7)
 Postoperative TR
  Trivial 3 (10.0)
  Mild 19 (63.3)
  Moderate 8 (26.7)
Postoperative chylothorax 2 (6.7)
Open chest and delayed chest closure 1 (3.3)
Intensive care unit stay (day) 2 (2–3)
Length of stay in hospital (day) 8 (7–9)
30-Day mortality and in-hospital mortality 0 (0)

Values are presented as number only, number (%), or median (interquar-
tile range).
CAVC, complete atrioventricular canal; PAB, pulmonary artery banding; 
AV, atrioventricular; MR, mitral valve regurgitation; TR, tricuspid valve 
regurgitation.

Table 2. Association of cardiopulmonary bypass and aortic cross-
clamp time with previous pulmonary artery banding 

Variable
Previous pulmonary artery banding

p-value
Yes No

Cardiopulmonary bypass 
time (min)

110.0±22.0 120.6±20.0 0.30

Aortic cross-clamp time 
(min)

78.0 (72.0–90.0) 93.5 (82.0–105.0) 0.32

Values are presented as mean±standard deviation or median (interquar-
tile range).

Table 3. Association of preoperative characteristics of patients with postoperative mild-to-moderate MR and TR before discharge 

Variable
Postoperative MR Postoperative TR

No (n=23) Yes (n=7) p-value No (n=22) Yes (n=8) p-value
Type of CAVC 0.70 0.14
 Type A 18 5 15 8
 Type C 5 2 7 0
Previous PAB 4 2 0.60 6 0 0.15
Female sex 10 4 0.67 11 3 0.68
Down syndrome 15 2 0.19 13 4 0.69
Age (mo) 5.5 (4.7–6.5) 6.1 (5.5–10.5) 0.19 5.7 (5.0–9.0) 5.7 (4.8–6.0) 0.27
Weight (kg) 6.2 (5.7–7.8) 7.2 (6.9–8.8) 0.11 6.9 (6.0–8.0) 5.8 (4.8–7.3) 0.06

Values are presented as number only or median (interquartile range).
MR, mitral valve regurgitation; TR, tricuspid valve regurgitation; CAVC, complete atrioventricular canal; PAB, pulmonary artery banding.
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of AV valve regurgitation during follow-up was recorded by TTE. 
The follow-up TTE findings and data are presented in Table 4. 
The type of CAVC and sex were not associated with late moderate 
MR-2 (p > 0.05), while not having trisomy 21 was associated with 
late moderate MR-2 (p = 0.02, Fisher exact test) (Table 5). The 
type of CAVC, sex, and trisomy 21 was not associated with late 
moderate TR-2 (p > 0.05, Fisher exact test) (Table 5). In addition, 
age and weight at the date of surgery were not associated with late 
moderate MR-2 and TR-2 (p > 0.05, Mann-Whitney test) (Table 
5). Left ventricular outflow tract (LVOT) obstruction was ob-
served in one patient 26 months after surgery. During follow-up, 
MR less than moderate degree was observed in 96.6%, 78.5%, and 
50% of patients at 2, 4, and 5 years, respectively (Fig. 1), while TR 
less than moderate degree was observed in 96.7%, 85.9%, and 59% 
of patients at 2, 4, and 6 years, respectively (Fig. 2). After a median 
follow-up of 4 years, one patient had undergone surgery for LVOT 
obstruction 26 months after the first operation. Multivariable lo-

gistic regression analysis adjusted for type of CAVC, sex, Down 
syndrome, age, and weight revealed that the absence of trisomy 21 

Table 4. Transthoracic echocardiography follow-up details

Variable Data
No. of patients 30
Follow-up (mo) 48 (42–60)
Degree of AV regurgitation at follow-up
 MR
  Trivial 2 (6.7)
  Mild 15 (50.0)
  Mild to moderate 13 (43.3)
 TR
  Trivial 1 (3.3)
  Mild 20 (66.7)
  Mild to moderate 9 (30.0)
Reoperation for left ventricle outflow obstruction 1 (3.3)

Values are presented as number only, median (interquartile range) or 
number (%).
AV, atrioventricular; MR, mitral valve regurgitation; TR, tricuspid valve 
regurgitation.

Table 5. Association of preoperative characteristics of patients with late (at follow-up) mild-to-moderate MR and TR 

Variable
MR at follow-up TR at follow-up

No (n=17) Yes (n=13) p-value No (n=21) Yes (n=9) p-value
Type of CAVC 0.10 >0.99
 A 11 12 16 7
 C 6 1 5 2
Female sex 8 6 >0.99 9 5 0.69
Down syndrome 13 4 0.02* 13 4 0.44
Age (mo) 6.0 (5.5–6.5) 5.5 (5.0–9.0) 0.99 6.0 (5.0–9.0) 5.5 (5.2–6.0) 0.26
Weight (kg) 6.8 (5.8–7.8) 7.1 (6.8–8.2) 0.78 7.1 (6–8.2) 5.8 (5.8–6.3) 0.06

Values are presented as number only or median (interquartile range).
MR, mitral valve regurgitation; TR, tricuspid valve regurgitation; CAVC, complete atrioventricular canal.
*p<0.05.
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Fig. 1. Disease free from moderate mitral valve regurgitation 
during follow-up.
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Fig. 2. Disease free from moderate tricuspid valve regurgitation 
during follow-up.
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was a risk factor for late moderate MR (MR-2) (OR, 0.05; 95% CI, 
0.006–0.50; p = 0.01) (Table 6). 

Discussion 

The modified single-patch repair technique for CAVC is a well-es-
tablished technique [5-8,9]. However, division of the bridging leaf-
lets is often required, and this process may cause some issues 
during the long-term follow-up of these patients. Nevertheless, sur-
vival rates after CAVC repair with the modified single-patch tech-
nique have been reported to be 98.8%, 96.3%, and 96.3% at 5, 10, 
and, 20 years, respectively [5,10]. Our intermediate results indicat-
ed a mortality rate of 0%. Our patients were children and experi-
enced an excellent quality of life. 

AV valve function during follow-up, especially the left AV valve, 
has always been an issue, and the modified single-patch technique 
has been associated with this complication [5]. However, in a large 
study, moderate regurgitation of the left AV valve was reported in 
15% of patients, and that finding did not correlate with trisomy 21, 
history of PAB, cleft management, or age [5]. Freedom from reop-
eration for left AV valve regurgitation has been reported to be as 
low as 62% after 10 years [11]. Reynen et al. [5] described reoper-
ation for left AV valve regurgitation in 6% of cases. Most investiga-
tors did not find any relationship between left AV valve regurgita-
tion and trisomy 21 [5]. Backer et al. [12] performed a meta-analy-
sis of the three repair techniques and found that the rate of reopera-
tion for left AV valve regurgitation was 2% in the modified sin-
gle-patch, 7% in the two-patch, and 9.7% in the classic single-patch 
technique. In our study, moderate left AV valve regurgitation was 
observed in 23.3% of patients, but none of them required left AV 
valve reintervention. In addition, in our study, there was no re-
quirement for pacemaker implantation as a postoperative proce-
dure. Pacemaker reoperations have been described in patients pre-
viously, varying between 2% and 12% [10,13]. 

LVOT obstruction is a well-described mid- to long-term compli-
cation of CAVC repair [14]. In 4% to 5% of patients, LVOT ob-

Table 6. Multivariable logistic regression analysis of risk factors for 
moderate mitral regurgitation at follow-up 

Variable OR (95% CI) p-value
Type of CAVC, C 0.05 (0.003–1.26) 0.07
Female sex 1.03 (0.08–11.90) 0.98
Down syndrome 0.05 (0.006–0.49) 0.01*
Age 0.92 (0.36–2.39) 0.87
Weight 1.51 (0.42–5.48) 0.52

OR, odds ratio; CI, confidence interval; CAVC, complete atrioventricular 
canal.
*p<0.05.

struction may require reoperation. In our study, one patient re-
quired reoperation for LVOT obstruction, which was diagnosed 2 
years after initial repair. The pathology was consistent with the de-
velopment of a discrete subaortic membrane, and reoperation was 
successfully performed. During the latest follow-up, the patient 
was free of recurrence. 

This study was a retrospective analysis of patients who under-
went CAVC correction using the modified single-patch technique. 
The small number of patients in this study may have affected our 
analysis (short-, mid-, and long-term results). Furthermore, the pa-
tients underwent surgery in a single department of a tertiary Cardi-
ac Surgery Hospital. This study included only infants and children. 
In addition, the study did not include a comparison of the two 
techniques (single- versus double-patch technique) to draw reli-
able conclusions about the effectiveness and benefits of the sin-
gle-patch technique. 

The single-patch technique for CAVC surgical repair is a meth-
od with acceptable short- and midterm results considering that it is 
a simplified approach. However, long-term assessment is warrant-
ed, and prospective randomized studies are needed to compare the 
advantages and disadvantages between the double-patch and mod-
ified single-patch techniques. 
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