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Background: Complete atrioventricular septal defect is a complex cardiac malformation

characterized by an ostium primum atrial septal defect, a common atrioventricular valve, and

a variable deficiency of the ventricular septum inflow. The left AV valve and right AV valve

have no clear division. The treatment of complete atrioventricular septal defects has evolved

in recent decades, but it remains challenging. This retrospective study evaluated early and

late outcomes in patients undergoing surgery at a single heart center.

Patients and Methods: We retrospectively evaluated outcomes in 52 complete atrioven-

tricular septal defect patients undergoing definitive repair from January 2016 to

January 2018. All patients were repaired with either the classic one-patch technique or the

two-patch technique.

Results: The mean age at operation was 4.12 ± 0.26 months (2 months–3 years). Forty cases

(76.9%) included in the study have Down’s syndrome. After the operation, the atrioventri-

cular valve showed marked improvement, and pulmonary artery pressure tended to decrease

when compared with preoperative levels. Arrhythmias in two cases with 3rd-degree AV

block required permanent pacing (3.8%). In-hospital mortality was observed in 1/52 (1.9%)

of patients. The 3-year overall survival rate after repair was 98.1%. No significant difference

was found between the two groups.

Conclusion: The surgical repair of complete atrioventricular septal defects demonstrated

excellent results at a very early age and even in the case of Down’s syndrome.
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Introduction
Complete atrioventricular septal defect (AVSD) is a complicated congenital heart

defect with an ostium primum type of atrial septal defect, a large ventricular septal

defect, and severe atrioventricular valve lesions. Surgical repair for atrioventricular

septal defects brings significant risks. These are one of the biggest challenges for

cardiovascular surgeons and anesthetists, particularly in developing countries.1

Pediatric patients with complete AVSD have substantial morbidity as well as

mortality due to postoperative atrioventricular valve regurgitation, remaining intra-

cardiac shunts, pulmonary hypertension, and many severity cardiac arrhythmias.

Currently, three different surgical techniques have been applied, including the

classical one-patch technique, two-patch technique, and the modified single-patch

technique (or Australian technique), which have its advantages and disadvantages.

Using this or the other techniques have usually been a surgeon’s choice based on
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their experience. Nevertheless, the shift to younger age for

surgery of complete AVSD, even in symptomatic

neonates2,3 has increased concerns with respect to the

dividing and re-attachment of the fragile and delicate

valve tissue of newborn babies and young infants in the

one-patch technique.4 Excellent outcomes with the early

surgical repair of complete AVSD have been reported with

the two-patch technique.5–7

In Hue Central Hospital, we have performed either

one-patch or two-patch surgical technique recently and

had some valuable experience. To explore the early and

late outcomes of patients with complete AVSD undergoing

surgical repair, we conducted this study aims to compare

the preoperative and postoperative conditions of valve

regurgitation and pulmonary hypertension; evaluate poten-

tial complications and mid-term survival rate.

Patients and Methods
Patients
Fifty-two patients undergoing the surgical repair of complete

AVSD were selected for a retrospective study. Complete

AVSD patients with a single ventricle were excluded from

the study. They were enrolled in the study from January 2016

to January 2018 after the ethical approval of the Research

Ethics Committee of Hue Central Hospital under the refer-

ence number of 01012018/HCH. Patient consent to review

their medical records was also obtained.

Surgical Technique
Twenty patients underwent surgical repair of complete

AVSD with the classic one-patch technique (as shown in

Figure 1), and thirty-two patients were repaired using the

two-patch technique (as shown in Figure 2).

One-patch was performed by closing the ventricular

septal defect (VSD) directly with Prolene 6.0 and dividing

the left AV and the right AV. We closed the cleft of the left

AV valve leaflet, then closed the atrial septal defect (ASD)

with a pericardial membrane.8

With the two-patch technique, we firstly closed the

cleft of the left AV valve leaflet. The sutures were per-

formed through the superior patch dividing the left AV and

the right AV. These sutures were passed through ASD to

close the ASD by pericardial membrane.9

Data Analysis
Patients were divided into two groups according to the sur-

gical method: the one-patch group and the two-patch group.

All data were collected from the medical records of the

hospital during the patients hospitalized and a follow-up

visit to our outpatient clinic. Clinical examination and echo-

cardiographic exploration were regularly carried out at below

time: pre-operation, post-operation, 3 months, 6 months,

12 months, 18 months, and 3 years after discharge.

Statistical analysis was undertaken using the SPSS

statistical program version 22 (IBM Corp., NY, USA).

All data were expressed as percentages, mean, standard

deviation, or median values as per data type (qualitative or

quantitative). Categoric variables between the two groups

were compared using the χ2 test or the Fisher exact, where

appropriate. Continuous variables were compared using

the Mann Whitney U-test for independent samples. The

survival rate after repair was calculated using the Kaplan–

Meier method.

Results
The characteristics of 52 patients who underwent the defini-

tive repair of complete AVSD are presented in Table 1. The

mean of age and weight was 4.1 ± 0.3 months (range from

2 months to 3 years) and 6.1 ± 0.8 kg (range from 5.7 to

9.3 kg), respectively. Most patients (80.8%) were under

Figure 1 One-patch technique to repair of complete AVSD: (1) Close the VSD

directly; (2) close cleft of the left AV valve leaflet; (3) close the ASD with

a pericardial membrane.
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6 months of age. Down’s syndrome was seen in 40 (76.9%)

patients. The degree of atrioventricular valve regurgitation

before surgery was mostly moderate to severe, from 2/4 or

more. Most patients had pulmonary hypertension (96.2%),

and up to 35 pediatric patients had severe pulmonary hyper-

tension >60 mmHg (67.3%). No significant difference was

found between the two groups.

The operative data and outcomes are shown in Table 2.

After the surgery, the condition of valve regurgitation was

significantly improved, with mild valve regurgitation for

the left AV valve (92.3%) and for the right AV valve

(96.2%). Patients after surgery no longer had pulmonary

hypertension (92.3%). Common complications in the sur-

gical treatment of complete AVSD are low cardiac output

Figure 2 Two-patch technique: (1) Close the cleft of the left AV valve leaflet; (2) close VSD with a pericardial membrane; (3) close the ASD with a pericardial membrane.
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syndrome (7.7%) and acute kidney failure (11.5%) requir-

ing peritoneal dialysis. In addition, the most unexpected

complication was 3rd-degree AV block, which was seen in

2 (3.8%) patients. One patient (1.9%) died after the opera-

tion. There was no significant difference in outcome data

between the two groups.

The patients were re-examined and showed good sur-

gical results (Table 3). One patient with moderate left AV

valve regurgitation needed to be closely monitored.

Weight gain was monthly obtained in almost patients

after repair. Respiratory infections as late complications

occurred at a low rate. The 3-year overall survival (OS)

rate after repair was 98.1% (Figure 3).

Discussion
The diagnosis of AVSD is usually based on echocardio-

graphy results. Echocardiography is particularly effective

for describing the anatomy of AVSD and possible

comorbidities. Understanding the anatomy and morphol-

ogy of AVSD and advances in surgical technology have

significantly reduced postoperative mortality. The timing

of surgical intervention in patients is best at 3 to 6 months

of age.10 Surgical delays lead to an increase in respiratory

illnesses and pulmonary vascular disease.11 The trend

towards early surgery reduces pulmonary hypertension,

which is one of the main causes of morbidity.12,13

Our data showed that the mean of age and weight at

operation was 4.1 ± 0.3 months (range from 2 months to

3 years) and 6.1 ± 0.8 kg (range from 5.7 to 9.3 kg), respec-

tively, which was similar to those in the previous reports such

as Bakhtiary with the median age was 3.8 months (range

from 15 days to 4.7 years), and the median weight was 5.0 kg

(range from 3.0 to 19 kg).14 St Louis with the median age and

weight at surgery was 4.6 months and 5.0 kg, respectively.15

Earlier surgical repair of complete AVSD might be theo-

retically beneficial because annular dilation or degenerative

Table 1 Patient’s Preoperative Characteristics

Preoperative Data Total (n=52) One-Patch Group (n=20) Two-Patch Group (n=32) p-value

Male, n (%) 24 (46.2) 10 (19.2) 14 (26.9) 0.660

Trisomy 21, n (%) 40 (76.9) 16 (30.8) 24 (46.2) 0.938

Age at AVSD repair (month), mean (SD) 4.1 (0.3) 4.4 (5.1) 3.9 (2.1) 0.723

Weight at AVSD repair (kg), mean (SD) 6.1 (0.8) 6.6 (1.8) 5.7 (2.1) 0.123

Rastelli AVSD types, n (%)

A 40 (76.9) 14 (26.9) 26 (50.0) 0.194

B 11 (21.2) 5 (9.6) 6 (11.5)

C 1 (1.9) 1 (1.9) 0 (0.0)

Other cardiovascular morbidity, n (%)

Ostium secundum type of atrial septal defect 24 (46.2) 9 (17.3) 15 (28.8) 0.895

Persistent ductus arteriosus 38 (73.1) 13 (25.0) 21 (40.4) 0.963

Coarctation of the Aorta 5 (9.6) 3 (5.8) 2 (3.8) 0.577

Pulmonary stenosis 3 (5.8) 1 (1.9) 2 (3.8) 0.673

Tetralogy of Fallot 1 (1.9) 1 (1.9) 0 (0.0) 0.385

Anomalous pulmonary venous return 2 (3.8) 1 (1.9) 1 (1.9) –

Degree of left AV valve regurgitation, n (%)

<2/4 9 (17.3) 5 (9.6) 7 (7.7) 0.057

2–3/4 38 (73.1) 13 (25.0) 25 (48.1)

>3/4 5 (9.6) 2 (3.8) 3 (5.8)

Degree of right AV valve regurgitation, n (%)

<2/4 10 (19.2) 5 (9.6) 5 (9.6) 0.138

2–3/4 36 (69.2) 12 (23.1) 24 (46.2)

>3/4 6 (11.6) 3 (5.8) 3 (5.8)

Pulmonary artery pressure, n (%)

<30 mmHg 2 (3.8) 1 (1.9) 1 (1.9) 0.077

30–60 mmHg 15 (28.9) 5 (9.6) 10 (19.2)

>60 mmHg 35 (67.3) 14 (26.9) 21 (40.4)
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changes, or both, of the common atrioventricular valve,

might proceed as the children ages. Some reports could

prove that annular dilatation is significant to develop left

atrioventricular valve regurgitation and raises the risk for re-

operation in older children.10,16

In addition, the early surgical treatment also helps to

maintain the function of the atrioventricular valves, and

the repair of atrioventricular valves at this stage is more

convenient due to the absence of annulus dilation.17

The two-patch technique was performed in 32 (61.5%)

of our patients. The kind of surgical technique did not

show any significant differences in terms of postoperative

valve regurgitation, pulmonary hypertension, potential

complication, overall survival rate. Pan studied on 98

patients with complete AVSD, in which 46 infants under-

went the modified single-patch technique, and 59 infants

underwent the two-patch technique.7 No significant differ-

ence was seen between the two surgical techniques in

terms of postoperative atrioventricular valve regurgitation,

residual ventricular septal defect, left ventricular outflow

tract obstruction, and mortality except for a longer cross-

clamp time for the two-patch group. Pan also showed that

two patients developed heart block that needed

a pacemaker insertion, but there was no significant differ-

ence between the two groups. Two of our patients devel-

oped 3rd-degree AV block that required a pacemaker,

which is similar to the occurrence in other centers through-

out the world.

In our series, both the early outcomes and mid-term

survival were very acceptable after the treatment of com-

plete AVSD. The rate of complication was low, and all of

them then have been well managed by multi-modalities,

and no case required re-operation. In the study of

Bakhtiary, there was no perioperative, early or late mor-

tality. However, left atrioventricular valve regurgitation

continued a matter during further follow-up.

Reoperations for atrioventricular valve regurgitation were

ordered in 6% of their patients.

Postoperative follow-up focuses on optimizing cardiac

output and avoiding pulmonary hypertension. Using nitric

Table 2 Operative Data and Postoperative Outcomes

Postoperative Data Total

(n=52)

One-Patch Group

(n=20)

Two-Patch Group

(n=32)

p-value

Time of extracorporeal circulation (mins), mean (SD) 125.3 (19.5) 130.5 (16.5) 121.6 (19.2) 0.096

Time of clamping aorta (mins), mean (SD) 84.3 (14.2) 86.5 (15.3) 82.1 (12.7) 0.274

Degree of postoperative valve regurgitation, n (%)

Left AV valve

<2/4 48 (92.3) 19 (36.5) 29 (55.8) 0.967

2–3/4 4 (7.7) 1 (1.9) 3 (5.8)

>3/4 0 (0.0) 0 (0.0) 0 (0.0)

Right AV valve

<2/4 50 (96.2) 20 (38.5) 30 (57.7) 0.670

2–3/4 2 (3.8) 0 (0.0) 2 (3.8)

>3/4 0 (0.0) 0 (0.0) 0 (0.0)

Pulmonary artery pressure, n (%)

<30 mmHg 48 (92.3) 19 (36.5) 29 (55.8) 0.967

30–60 mmHg 4 (7.7) 1 (1.9) 3 (5.8)

>60 mmHg 0 (0.0) 0 (0.0) 0 (0.0)

Postoperative complications, n (%)

Low cardiac output syndrome 4 (7.7) 1 (1.9) 3 (5.8) 0.499

Pericardial effusion, pleural effusion 6 (11.5) 2 (3.8) 4 (7.7) 0.578

Postoperative bleeding 3 (5.8) 2 (3.8) 1 (1.9) 0.327

Acute kidney failure 6 (11.5) 2 (3.8) 4 (7.7) 0.578

3rd-degree AV block 2 (3.8) 1 (1.9) 1 (1.9) –

Death 1 (1.9) 0 (0.0) 1 (1.9) –

ICU stay (days), mean (SD) 14.3 ± 3.7 14.6 (4.9) 14.2 (3.7) 0.622

Hospital stay (days), mean (SD) 21.4 (8.5) 22.1 (7.5) 21.0 (9.2) 0.857
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oxide in all patients with a pulmonary artery pressure

greater than 50% of the system pressure at the end of

surgery is suggested.18 Postoperative follow-up should

pay attention to hypoxia, hypertension, pain, and hypother-

mia as factors that cause lung contractions.

The surgical treatment of complete AVSD should focus

on the lack of valve tissue leading to limited atrioventri-

cular valve mobility.19 In our study, postoperative atrio-

ventricular valve regurgitation significantly improved,

giving positive results. In other studies, the two-patch

technique maintained the valve structure, reduced the

lack of valve tissue, and reduced the progression of atrio-

ventricular valve regurgitation.20,21

One patient (1.9%) in-hospital died. Premature infant

patients had a shorter postoperative time as well as a better

prognosis. This finding is reasonable because older patients

often have severe pulmonary hypertension and a large degree

of regurgitation from which it is difficult to recover.11 The

overall in-hospital mortality according to St Luis was

3.0%,15 which was higher than that in our study.

In our study, the degree of postoperative valve regur-

gitation was followed for up to 18 months, and the out-

comes were improved greatly. The three-year OS rate

among patients after repair was very high (98.1%). Late

complications such as respiratory infections were found at

a low rate, and most of them were well responded with

appropriate therapeutics. The mortality was higher, and the

OS rate was lower in the past (1974–2000) according to

Ginde,22 which the overall perioperative mortality was

10.1%, and the overall estimated survival for the entire

cohort was 85% at 10 years.

Our study has several limitations. It is

a retrospective study at a single heart center, with mid-

term follow-up among patients. All patients underwent

surgical repair at Cardiovascular Center of Hue Central

Hospital, mostly with a small team of cardiovascular

surgeons, and the outcome data might not estimate for

alterations in repair techniques and postoperative treat-

ment at other centers.

Table 3 Re-Examination After 3, 6, 12 and 18 Months

Follow-Up 3 Months (n=51) 6 Months (n=51) 12 Months (n=51) 18 Months (n=51) 3 Years (n=44)

Left AV valve regurgitation

<2/4 48 48 49 49 44

2–3/4 3 3 2 2 0

>3/4 0 0 0 0 0

Right AV valve regurgitation

<2/4 50 50 51 51 44

2–3/4 1 1 0 0 0

>3/4 0 0 0 0 0

Pulmonary hypertension

<30 mmHg 48 49 51 51 44

30–60 mmHg 3 2 0 0 0

>60 mmHg 0 0 0 0 0

Weight gain monthly

n (%) 43 (84.3%) 45 (88.2%) 48 (94.1%) 48 (94.1%) 43 (97.7%)

Late complication

Respiratory infections 5 (9.8%) 4 (7.8%) 4 (7.8%) 3 (5.9%) 0 (0%)

Figure 3 Overall survival curve of the patients within 3-year follow-up.
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Despite the limitations, our experience with both one-

patch and two-patch technique evidenced the relatively

short clamping aorta and extracorporeal circulation times,

which was consistent with the literature. Further prospec-

tive studies are strongly recommended in the field with

larger sample size and long-term follow-up to ascertain

conclusions drawn from this study.

Conclusions
Our results highlight that all types of complete AVSD can

be well repaired at a very early age, and even in case of

Down’s syndrome. Both one-patch and two-patch techni-

ques are safe and reproducible surgical methods that can

achieve low mortality and good mid-term outcomes.

Therefore, the surgery should be performed as soon as

possible before pulmonary hypertension and other preo-

perative complications occurring.

Abbreviations
AVSD, atrioventricular septal defect; AV, atrioventricular;

ASD, atrial septal defect; VSD, ventricular septal defect;

ICU, intensive care unit; OS, overall survival.
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