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Preliminary results of direct closure of an atrioventricular septal defect:
revisiting the original technique

Afriyoventrikdler septal defektin dogrudan kapatiimasinin ilk sonucilarn: Orjinal teknige dénus
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Background: This study aims to assess the preliminary
results of direct closure of atrioventricular septal defect
(AVSD).

Methods: Thirteen patients (complete type n=7, partial type
n=6) who underwent AVSDs correction with direct closure
technique in our department between September 2009 and June
2011 were included. Two patients with concomitant pulmonary
stenosis were managed in a single session. For direct suture
closure of ventricular septal defect (VSD), multiple interrupted
Teflon pledgets sutures were placed on the right side of the
interventricular septal crest and then they were passed through
the bridging leaflets of the common valve. For direct closure
of primum atrial septal defect (ASD) in patients with complete
type VSD closure sutures were used by passing through the
remnant of interatrial septum and tied off.

Results: The median age of the patients was 13 months. The
median age (7.5 months) and weight (4.3 kg) of the patients
with complete type was lower. The mean VSD size was
30.4+10 mm/m? The mean cardiopulmonary bypass and
ischemic cross clamp times were 51.3+11.2 min and 34.7+10.9
min, respectively. There was no in-hospital mortality. All
patients were discharged with sinus rhythm and less than
(2+) atrioventricular valve regurgitation. All the patients
were followed. The mean follow-up was 12.1+4.1 months.
Repeated echocardiograms did not revealed any progressive
atrioventricular valve dysfunction or left ventricular outflow
tract gradient.

Conclusion: Direct closure technique for repair of
atrioventricular septal defect is rapid and simple surgery
for the management of this complex pathology. This easily
reproducible technique could also encourage and facilliate
earlier repair of this pathology, preventing potential technical
challenges.

Key words: Atrioventricular septal defect; congenital heart defect;
surgical technique.

Amag¢: Bu caligmada atriyoventrikuler septal defektin
(AVSD) dogrudan kapatilmasinin ilk sonuclar1 degerlendi-
rildi.

Calisma plani: Eylul 2009 - Haziran 2011 tarihleri arasinda
klinigimizde AVSD’ler nedeni ile dogrudan kapama teknigi
ile ameliyat edilen 13 hasta (komplet tip n=7, parsiyel tip n=6)
calismaya dahil edildi. Iki hastada ek patoloji olarak var olan
pulmoner stenoz tek seansta duzeltildi. Ventrikiler septal
defekt (VSD) komponentinin kapatilmasi interventrikiiler
septumun sag tarafina tek tek yerlestirilen Teflon destekli
dikiglerin ana kapak¢igin “bridging” yaprak¢igindan gegiril-
mesi ile gergeklestirildi. Komplet tip hastalarda primum atri-
yal septal defektin (ASD) kapatilmasi, bu VSD dikislerinin
kapaktan gecirildikten sonra atriyumlar arasi septal ayrimi-
nin kenarindan gegirilip ayr1 ayr1 dugiimlenmesi ile saglandi.
Bulgular: Hastalarin medyan yag1 13 ay idi. Komplet tipli
hastalarin medyan yag1 (7.5 ay) ve agirliklar1 (4.3 kg) daha
dugukti. Ortalama VSD buyuklugin 30.42+ 10 mm/m? idi.
Hastalarin ortalama kardiyopulmoner baypas ve iskemik kros
klemp zamanlar sirastyla 51.3+11.2 dk ve 34.7+10.9 dk olarak
hesaplandi. Hastane i¢i mortalite olmadi. Hastalarin tamami
siniis ritminde ve atriyoventrikiler kapak yetersizlikleri en
fazla (2+) olarak taburcu edildi. Hastalarin tamami takip
edildi. Takip suresi ortalama 12.1+4.1 ay idi. Tekrarlanan
ekokardiyografi incelemelerinde hicbir hastada ilerleyen atri-
yoventrikiiler kapak disfonksiyonu veya sol ventrikiil cikig
yolu darlig: tespit edilmedi.

Sonug: Atriyoventrikiler septal defektin dogrudan kapatma
teknigi ile kapatilmasi tamiri bu kompleks patolojinin teda-
visinde hizl1 ve basit bir cerrahidir. Kolaylikla uygulanabilen
bu cerrahi ayni zamanda teknik zorluklardan kaynaklanan
hatalarin ontine gecerek, bu patolojinin daha da erken tamir
edilmesini 6zendirebilir ve bunu kolaylagtirabilir.

Anahtar sozciikler: Atriyoventrikiler septal defekt; dogustan kalp
hastaligi; cerrahi teknik.
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Atrioventricular septal defect (AVSD) is a complex
pathology which can manifest in a large spectrum of
anatomy depending on the varied development of the
endocardial cushion. This results in AVSD ranging from
partial to complete. Many surgical approaches have
been developed according to anatomic type. Since the
benefit of early correction for long-term prognosis has
been demonstrated, surgery in younger populations has
been evaluated for simplified techniques.t™

Direct closure is the initial technique described
in 1955 for the repair of AVSD, but since then,
many modifications have been made in the search of
excellence. The classic single-patch technique demands
division and reimplantation of leaflets; therefore, it
was replaced with the double-patch method to avoid
leaflet division. This was challenging, especially in
young infants with a limited valve area. The new
technique also has encountered difficulty in calculating
the height of the ventricular septal defect (VSD) patch,
and problems related to the patch dimension of the left
atrioventricular valve function are uncertain. Recently,
the trend has been moving toward simplification of
surgical techniques through the elimination of patches,
but controversy still exists concerning the optimal
surgical option.!'?

Therefore, we decided to revisit the various methods
and apply the direct closure technique for the repair
of AVSD. The purpose of this study was to evaluate
the preliminary results of our experience with this
technique with regard to surgical outcome and early
follow-up results.

PATIENTS AND METHODS

Between September 2009 and June 2011, 20 patients
underwent correction for AVSD. Our surgical evaluation
of this minimalist technique was gradual, and the first
six patients were operated on using patch materials. Two
patients with complete AVSD (CAVSD) were repaired
with the Australian technique, and five patients with
partial (incomplete) AVSD (PAVSD) were repaired
with the bovine pericardial patch closure of the primum
atrial septal defect (ASD). Since June 2010 when we
began this program, 13 consecutive AVSD patients were
repaired using this method. During this period, only one
patient with combined systemic venous return anomaly
was excluded from this study. Of these 13 patients, seven
had CAVSD, and six had PAVSD. Data was obtained
from the referring pediatric cardiologists, and Doppler
echocardiography was used to ascertain the severity
of AV valve regurgitation and VSD measurements.
Atrioventricular valve regurgitation (AV VR) was graded
as none, trivial, mild (1+), moderate (2+), and severe (3+).
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The VSD size was measured from the crest to the
septum to the common AV valve during end diastole.
We also used Rastelli’s classification for the patients
with complete AVSD.

Surgical technique

All operations were performed using a moderate
hypothermic cardiopulmonary bypass (CPB) and
antegrade cold crystalloid cardioplegia. For direct suture
closure of VSD, multiple interrupted sutures of 4-0
Ti-cron with Teflon pledgets were placed on the right
side of the interventricular septal crest and were then
passed through the bridging leaflets of the common
valve (Figure 1). Although the degree of cleft closure
was dependent on the anatomy of the valve, it was
closed to have total coaptation of leaflets in all patients.
This was done in the usual fashion with interrupted
6-0 Prolene sutures (Ethicon, Somerville New Jersey).
Direct closure of the primum ASD in CAVSD patients
was performed using Ti-Cron VSD closure sutures
which were passed through the remnant of the interatrial
septum (Figure 2) and then tied off. Therefore, the atrial
septum and AV valve leaflets were pulled down on the
VSD crest and connected in the same plane.

Two layers of running 5-0 Prolene sutures were used
for closure of the ASD for repairs in the patients with
PAVSD. The bites were passed through the septal part of
the newly created tricuspid valve and then from the crest
of the atrial defect. The coronary sinus drainage was left
on the right atrium in its natural position. This suture
line was started at the inferior part of the defect where
the inferior part of the crest of the ostium primum joins
the posterior leaflet. The sutures were superfical on the
inferior AV valve leaflet and ran obliquely until the level

Figure 1. Operative view of teflon pledgeted ventricular septal
defect sutures placed on the septal crest and passing from the
bridging leaflet.
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Figure 2. Atrial septal defect closure by ventricular septal defect
sutures passed the rough the superior rim of the ostium primum.

of the ventricular septum was reached. Special attention
was given to prevent AV blockage in this area.

In two patients with associated pulmonary stenosis,
infundibular band resection and transannular pericardial
patch enlargement were performed concomitantly. The
rest of the operation was completed in the usual manner.

All patients were followed up clinically, and repeat
echocardiography was done before discharge, at the first
month and after six months postoperatively, at the end of
the first year, and then every year afterwards.

Statistical analysis was performed with the StatView
software (SAS Institute, Inc., Cary, North Carolina,
USA). Data was expressed as the median and ranges or

Table 1. Preoperative patient characteristics

as the mean + standard deviation. Student’s t test was
performed when necessary.

RESULTS

The median age at surgery was 13 months, and smaller
ages and weight were found in the CAVSD group.
Trisomy 21 was a part of the pathology of most
of the CAVSD patients. Five of those patients were
classified as Rastelli type A, one patient was type B,
and one was type C. The size of the left atrium was
measured in all patients pre- and postoperatively and
was significantly decreased after repair. As expected,
the mean pulmonary arterial pressure was higher in
patients with CAVSD, and it dropped significantly
to 26.8+6.0 mmHg immediately after the operation.
Hemodynamically, important valve dysfunction was
more common in patients with PAVSD (50%). The
preoperative characteristics and VSD properties are
detailed in Table 1.

Despite technical differences due to the presence
of VSD, the mean cardiopulmonary and cross-
clamp operative times were similar in the PAVSD
and CAVSD patients (p>0.05). In two patients with
additional pulmonary stenosis, infundibular resection
and transannular patch enlargement were performed
concommitantly. Although they had additional surgical
procedures, their operational times were close to the
times of the other patients. The intraoperative data is
summarized in Table 2.

There was no in-hospital death, but one late mortality
occurred in a patient with Trisomy 21 two months later
due to food aspiration. The mean ventilatory time was
longer in the CAVSD group and for two patients with
preoperative congestive heart failure and recurrent
pulmonary infection who needed mechanical ventilation
support for three and five days, respectively (Table 3).

PAVSD (n=6) CAVSD (n=7) All patients (n=13)
n Range Mean+SD n Range Mean+SD n Range  Mean+tSD
Median age (month) 18 8-168 - 75 372 - 13 3-168 -
Median weight (kg) 14.1 9.2-333 - 43 3.5-18 - 9 35333 -
Trisomy 21 (n) 1 - - 5 - - 6 - -
AVVR >2+ (n) 3 - - 2 - - 5 - -
Mean VSD size (mm) - - - - - 9.3+2.4 - - -
Mean indexed VSD (mm/m?) - - - - - 30.4+1 - - -
Mean systolic PAP (mmHg) - - 32+11.5 - - 67.5+6.1 - - 51.4+20.4
LVOTO (n) 0 - - 0 - - 0 - -
Associated pathologies:
pulmonary stenosis (n) 1 - - 1 - - 2 - -

PAVSD: Partial atrioventricular septal defect; CAVSD: Complete atrioventricular septal defect; SD: Standard deviation; AVVR: Atrioventricular valve
regurgitation; VSD: Ventricular septal defect; PAP: Pulmonary artery pressure; LVOTO: Left ventricular outflow tract obstruction.
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Table 2. Operative data

PAVSD (n=6) CAVSD (n=7) All patients (n=13)
n Mean+SD n Mean+SD n Mean+SD
Cardiopulmonary bypass time (min) 54.8+11.8 48.3+10.6 51.3%11.2
Aortic cross clamp time (min) 38.3+12.1 31.6+9.6 34.7+10.9
Associated procedures 1 1 2

PAVSD: Partial atrioventricular septal defect; CAVSD: Complete atrioventricular septal defect; SD: Standard deviation.

All patients were in sinus rhythm, and none needed
antiarrhythmic medication postoperatively. Postoperative
echocardiography was done before discharge for all
patients, and none had more than mild AV valve
regurgitation (<+2).

The mean follow-up time for all patients was 12.1+4.1
months. Repeat echocardiographies did not reveal any
progressive AV valve dysfunction or new appearance,
nor did they show progression of the left ventricular
outflow tract (LVOT) gradient. As a consequence, none
of the patients were reoperated on during this period.

DISCUSSION

Wilcox first reported the simplified technique which
eliminated the VSD patch in 1997. Since then, this
technique has been widely preferred by many clinics, and
excellent short- and mid-term results have been reported.!'
The pediatric cardiac surgery department was opened
in our hospital at 2009, and the simplified one-patch
technique has been our preference from the beginning.

Because some authors have reported good
experiences with direct closure of AVSDs, we decided
to evaluate our technique and move to a more simplified
method by gradually eliminating the atrial patch
component.”* In a way, we traveled back to the future”
by revisiting and showing respect to an originally
descriptive technique. Our clinic is one of the referral
centers for neighboring countries with patients in need
of congenital cardiac surgery. Therefore, we accept
many late-diagnosed cases, which makes our patient
population older than usual. Consequently, these older
patients have tissues that are more damaged, but they
also have fibrotic and stronger cardiac tissues, making
them ideal candidates for the no-patch technique. This

Table 3. Postoperative results

was the main factor which encouraged us in our switch
to the simplified technique. At the beginning of our
experience, we used direct closure for PAVSD and then
applied direct closure featuring the no-patch technique
to patients with CAVSD and to younger and lower-
weight patients.

Besides simplifying the surgery, it was
demonstrated that eliminating the VSD patch has
the advantage of better coaptation of the left AV
valve by lowering the implantation level of the valve
to the crest of the interventricular septum.?3*¢ We
were able to practice this method with success even
in our older patient group who had a large VSD
and thickened valves, and none of our patients had
more than mild residual AV valve regurgitation after
repair. In addition, this method is easier to perform
on low-weight patients due to their flexible tissues,
as we experienced in four patients weighting less
than five kilograms. Prétre et al.””! demonstrated that
direct closure of primum type ASD is possible even
with greater defect size. He also hypothesized that
this method also prevented postoperative arrhythmia
by decreasing the size of the dilated atrium. We
showed that direct closure of the ostium primum
defect is possible, even in a 14-year-old patient with
a left atrial diameter of 34 mm and that direct closure
significantly reduces atrial size in all patients.
However, we were not able to demonstrate that this
is the reason for the persistence of sinus rhythm
postoperatively. Postoperative atrial arrhythmia has
a multifactorial etiology, including the amount and
place of suture lines, damage to the sinus node artery,
and myocardial protection. Since all of our patients
had sinus rhythm postoperatively and on follow-up,

PAVSD (n=6) CAVSD (n=7) All patients (n=13)
Mean+SD Mean+SD Mean+SD
Ventilatory support time (hour) 7.3£2.2 15.8+9.2% 11.247.5%
ICU stay time (day) 1.2+0.4 4+0.7* 2.5+1.6%

PAVSD: Partial atrioventricular septal defect; CAVSD: Complete atrioventricular septal defect; SD: Standard deviation;
* Except for two patients with preoperative congestive heart failure and recurrent pulmonary infection.
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we at least showed that this method doesn’t aggravate
postoperative rhythm disturbances.

It could also be hypothesized that direct closure
of atrial and ventricular defects may cause excessive
tension on suture lines, which could cause a
subsequent increased risk of tearing. Two layers of
suture lines are used for repair of PAVSD to prevent
recurrence, whereas in CAVSD patients, there is
only one suture line. In this technique, separated
Teflon pledgetted sutures on the ventricular septum
first pass from the leaflet tissue and then from the
atrial septum by sandwiching the valve. They are
then individually tied. Therefore, each pledgeted
stitch equally absorbs the tension. We did not
observe any dehiscence in the early postoperative
and short-term follow-up period, which correlates
with other authors’ experiences.*’! Another finding
which eliminates this excessive tension hypothesis is
the absence of postoperative transient and permanent
atrioventricular block related to myocardial edema as
a result of tissue damage.

We did not find any statistically significant
difference between the operative times in PAVSD and
CAVSD patients. We suggest that this is due to the
simplicity of the VSD closure since it eliminates patch
sizing and implantation; hence, this extra time can be
used for valve repair, a challenging step, especially
for the future prognosis of the patient. This time
advantage also provides a good opportunity for repair
of combined pathologies, as we noticed in two patients
with associated pulmonary stenosis. They underwent
repair with concommitant infundibular band resection
and transannular pericardial patch enlargement and
had similar operative times as the other patients with
isolated AVSD.

Another advantage of this technique is the short
cardiopulmonary and cross-clamp time due to the
simplicity of this method, an important factor for
extubation and intensive care unit (ICU) stay time,
especially in patients with pulmonary hypertension,
congestive heart failure, and a history of recurrent
pulmonary infection.*$8% Qur experience showed that
we had shorter operative times and, subsequently,
shorter ventilatory support and ICU stay periods than
in previously published articles.®”! This indicates the
technicual success of this surgical technique since
residual or acquired lesions in patients who are already
pulmonary hypertensive would complicate their
postoperative course.

Theoretically, there is an increased risk for LVOT
obstruction in patients operated on with this simplified

technique because of pulling down the atrioventricular
valve and excessively narrowing the already elongated
LVOT. This concern has been discussed before by
several authors as a potential problem if VSD patch
is eliminated. Nevertheless, the long-term outcomes
reported by other clinics have demonstrated that
the incidence of postoperative LVOT obstruction is
not higher than for other methods.”*!9 Kalfa et
al.' demonstrated that low age at initial surgery is
a significant risk factor for developing secondary
subaortic stenosis. Due to the older age of our patients,
we believe that this risk was lower in our particular
patient group. Our follow-up period was short for
evaluating future LVOT stenosis, but it has also been
shown that in 30% of patients, stenosis appears in the
postoperative first year.'” We did not observe any
newly developed obstruction or increase in gradient
through the LVOT postoperatively.

Nevertheless, we believe that this direct closure
technique featuring no patch is not applicable for the
repair of all types of combined complex pathologies
with AVSD, as we observed in a patient with partial
AVSD and an unroofed coronary sinus with left
persistent vena cava superior drainage. This patient
needed to be repaired with a pericardial patch for the
reorganization of the atrial septation and correction of
systemic venous drainage. Therefore, this patient was
not included in this study.

Our study had an important limitation in that it
consisted of a small group of patients with a short
follow-up period, but it must be considered that these are
the preliminary results of a study in progress.

In conclusion, our experience indicates that direct
closure featuring a no-patch technique for repair of
AVSD is a simple and fast surgical procedure for a
complex pathology, even in cases of younger, lower-
weight patients. This easily reproducible technique
could also prevent potential technical errors and
facilitate surgical repair, thus encouraging earlier repair
in infancy. The preliminary results were satisfactory
and promising, but longer follow-up in a larger series is
needed to confirm the safety and long-term benefits of
this technique.
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