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Original Article

Left Atrioventricular Valve Regurgitation After Correction
of Atrioventricular Septal Defects

Yuichi Suiokawa, Takahiro Nisuma, Atsuhiro Nakasnmva and Ryuji Tominaca

Department of Cardiovascular Surgery, Kyushu University

Abstract Purpose : Progressive regurgitation of the left atrioventricular valve (AV) remains a major
postoperative problem in the repair of atrioventricular septal defect (AVSD). The aim of this study
was to review a case series of AVSD repair and reoperation for significant left AV valve regurgitation
from this institution.

Methods : Forty—nine patients underwent initial repair of AVSD between February 1990 and March
2011, and 4 of them underwent reoperation for left AV valve regurgitation. Another 5 patients, who
had received initial repair of AVSD before 1990, underwent reoperation of the left AV valve during the
same period. This study retrospectively reviewed all cases of AVSD operation, and considered the
causes of the left AV valve incompetence, and furthermore addressed how to manage most effectively
this problem.

Results : There were 4 early deaths (8.6%) and no late deaths after initial repair of AVSD. No death
was observed after reoperation of the left AV valve. Six patients underwent re-repair of left AV
valve, but three patients needed prosthetic valve replacement. An additional cleft closure and
commissuroplasty were performed on the 6 re-repaired cases. No significant AV valve regurgitation
was observed among the 6 re-repaired cases. The actuarial survival was 92% at 10 and 15 years after
AVSD repair. Freedom from reoperation of the left AV valve was 81% at 10 and 15 years for the
patients who survived the initial repair during the study period. Freedom from significant left AV
valve regurgitation was 46% at 10 years for all patients who survived the initial repair during the study
period. A partial ring annuloplasty using Gore-Tex graft was applied to the last 2 cases, and this
employment yielded encouraging results.

Conclusion : The results were acceptable in terms of the mortality and reoperation free ratio, but the
freedom from significant left AV valve regurgitation was disappointing. The outcome of reoperation
for significant left AV valve regurgitation was also satisfactory. The application of Gore-Tex graft
partial annuloplasty of the left AV valve appears to be a potentially useful and effective treatment
modality.
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Introduction

The outcome of a surgical correction of
atrioventricular septal defects (AVSD) has drama-
tically improved in terms of the mortality??.
Nevertheless, reoperation for progressive left

atrioventricular (AV) valve regurgitation follow-
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ing previous repair of AVSD remains a major

279 The optimal surgical

postoperative problem
treatment of AVSD includes the management of
left AV valve regurgitation.

Although closure of the zone of apposition
between the bridging leaflets (cleft) is crucial,
significant residual left AV valve regurgitation
can progress even if the cleft closure is approp-
riately done. Additional procedures have been
utilized to manage this problem, including De

Vega type annuloplasty, commissuroplasty,
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edge-to-edge technique® or patch augmentation
of the leaflets”. Recently, Kanani® reported the
advantage of Gore-Tex band flexible annuloplasty
of the left AV valve in re-repair of AVSD.

This report reviews a case series of initial
repair of AVSD, significant left AV valve reg-
urgitation after repair, and reoperation of the left
AV valve after AVSD repair, and considers the
optimal surgical management of the left AV valve.

Patients and methods

Fifty-eight patients underwent 63 operations
for initial repair of AVSD or reoperation for the
left AV valve between February 1990 and March
2011. A retrospective review was carried out of
all cases of AVSD. Data was collected from the
hospital records. The mean follow-up time was
87 £ 6.3 years. Forty-nine patients underwent
an Initial repair of AVSD, and 9 patients had
reoperation for left AV valve regurgitation during

the study period. Down syndrome was found in
3 of the 9 reoperation cases. Five patients of the
9 reoperation cases underwent initial repair of
AVSD during the same period, and 4 patients
received initial repair before 1990. Four of these
5 patients, who received an initial repair during
the study period, underwent the initial repair
before 2000, while one patient underwent the
initial repair after 2000. The baseline character-
istics of the patients undergoing reoperation for
left AV valve are summarized in Table 1. The
mean age of the initial repair cases was 13.1 £ 20.
2 years, and 28.9 £ 26.1 years for reoperation
cases. Complete AVSD was observed in 24
patients (41.4%), partial AVSD in 34 (58. 6%).
Associated cardiac anomalies were tetralogy of
Fallot (n = 2 ; 3.4%), total anomalous pulmonary
connection (n = 1 ; 1.7%), and unroofed coronary
sinus (n = 1 ; 1.7%). Patient characteristics by
type of AVSD were summarized in Table 2.

Table 1 Baseline characteristics of the patients undergoing reoperation for left AV valve

Case number Gender Age (vear) Age (year) at initial repair Type of AVSD

Interval (year) between
initial repair and reoperation

1 M 18 13
2 F 45 35
3 F 5 1
4 F 8 0.3
5 F 17 0.6
6 M 0.25 0.2
7 F 74 51
8 F 62 20
9 F 31 1

partial 5
partial 10
partial 5
complete 8
partial 18
complete 0.2
partial 23
partial 42
partial 31

AV, atrioventricular ; AVSD, atrioventricular septal defect

Table 2 Patient characteristics by type of AVSD

Partial AVSD (n=34) Total group (n=58)

Characteristic Complete AVSD (n=24)

Age, years, mean * SD 2.0+4.6

Female sex 15(62.5%)

Down syndrome 12(50%)

Associated cardiac anomalies 4(16.7%)
Tetralogy of Fallot 2(8.3%)
TAPVD 1(4.2%)
Unroofed coronary sinus 1(4.2%)
TASVD 0

24.9 = 24.0 15.3 = 21.4
25(73.5%) 40(70.0%)
4(11.8%) 16(27.6%)
0 4(6.9%)
0 2(3.4%)
0 1(1.7%)
0 1(1.7%)
1(4.2%) 1(1.7%)

AVSD, atrioventricular septal defect ; AV atrioventricular ; TAPVD, total anomalous pulmonary venous drainage ; TASD, total

anomaloussystemic venous drainage
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Surgical technique (initial operation)

All operations were performed with cardiopul-
monary bypass and moderate hypothermia by
bicaval cannulation. Complete AVSD was re-
paired by a two-patch technique, and partial
AVSD were repaired by one-patch technique.
The left AV valve cleft was closed with inter-
rupted mattress sutures. The cleft was left open
or a simple mattress suture was applied at the
base of the cleft in some cases (n = 17 ; 34.7%).
After 2000, the cleft was left open in only one

Mural leaflet of the
left AV valve #

Pericardial
patch

Gorg-Tex graft’

L
-

Fig.1 The photograph shows a half divided 3.5
mm Gore-Tex graft sutured to the parietal
part of the left atrioventricular valve. AV,
atrioventricular

patient. Several additional techniques were used
when there was significant residual regurgitation
through the left AV valve following a saline
injection test, including Kay type commissuroplas-
ty (in 5 patients), De Vega type annuloplasty (in
one patient), edge-to—edge valvuloplasty (in one
patient) and Gore-Tex band partial annuloplasty
(in 2 patients). The last technique used a
thin-walled Gore-Tex graft (W.L. Gore & Associ-
ates, Inc., Flagstaff, AZ, USA) of 3.5 mm diameter
as a partial ring supporting the parietal portion of
the annulus of the left AV valve. A half of a
longitudinally divided Gore-Tex graft was used to
treat a child (Fig. 1). The graft was sutured to
the posterior wall of the annulus using interrupted
braided Nespolen so that the annuloplasty band
covered both commissures on either side of the
mural leaflet. The length of the band was
selected so as to reduce the length of the posterior
wall of the annulus by 20%. Competence was
then confirmed by saline injection.

Surgical technique (re-repair)

All operations were performed through a
median re-sternotomy. The left AV valve was
approached through the right atrium with an
atrial septal patch incision. Several techniques
of left AV valve re-repair were used, such as cleft
closure, commissuroplasty or annuloplasty. Cleft

Table 3 Operative findings and procedures at reoperation and recent left AV valve regurgitaion

Case number Findings at reoperation

Operative procedures recent left AVVR

1 annular dilatation
2 Torn chordae, annular dilatation
3 Incomplete cleft closure

AL commissure incompetence

4 Incomplete cleft closure
AL commissure incompetence

Incomplete cleft closure

5 Bilateral commissure incompetence
6 Incomplete cleft closure

AL commissure incompetence
7 leaflet prolapse, annular dilatation
8 Incomplete cleft closure

AL commissure hypoplasia
9 Incomplete cleft closure

PM commissure hypoplasia

MVR none

MVR none

cleft closure, commissuroplasty trivial
cleft closure, commissuroplasty none
cleft closure, commissuroplasty trivial
cleft closure, commissuroplasty trivial
MVR none

cleft closure mild

cleft closure, commissuroplasty trivial

AL, antero-lateral ; PM, postero-medial ; MVR, mitral valve replacement
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closure was performed in 6 patients. Annulo-
plasty was performed in 5 patients (unilateral
commissures in 4 patients, bilateral commissures
in one patient) (Table 3). Valve replacement
with a mechanical prosthesis was performed in 3

patients based on the surgeon's preference.
Statistical Analysis

Data are expressed as the mean with standard
deviation. Estimates of survival, freedom from
significant left AV wvalve regurgitation, and
freedom from reoperation were determined using
the Kaplan-Meier method, with differences
between complete AVSD and partial AVSD
tested by the log rank test. Statistical signifi-

cance was established at P less than 0.05.
Results

1. Early and late outcome

There were 4 early deaths (8.3%) after initial
repair of AVSD including a 24-year-old female
associated with total anomalous pulmonary
venous connection. There was no early death
The
survival rates of all cases was 92%, 92%, and 92%,
90%, 90%, and 90% in complete AVSD, and 94% |,
94%, and 94% in partial AVSD at byears, 10 years,
and 15 years, respectively (Fig. 2).

following re—operation of the left AV valve.

There was no

significant difference in survival at 15 years

47 P-AVSD —--—

C-AVSD =---- p=0.98

Survival after repair of AVSD

0 5 10 15 20
years
Fig. 2 Actuarial survival after repair of AVSD
AVSD, atrioventricular septal defect ; P, partial ; C,
complete

between complete AVSD and partial AVSD (p =
0.65). There was no death after reoperation for
the left AV valve.

2. Significant left AV valve regurgitation
after AVSD repair and reoperation for left
AV valve regurgitation

Fourteen (28. 6%) of the 49 patients, who
underwent initial repair during the study period,
progressed to more than moderate left AV valve
regurgitation. Five of those patients underwent
reoperation for left AV valve regurgitation, and 4
additional cases, that underwent initial repair
before 1990, underwent reoperation for the left
AV valve during the same period. Three of the 9
reoperations were mitral valve replacements
(MVRs) and 6 re-repairs were performed. Table
3 shows the findings and procedures at the time of
reoperation. Cleft closure was performed in 6
patients ; however, cleft closure was completed in
3 of them according to the surgical record.

The estimated freedom from more than moder-
ate left AV valve regurgitation was 84%, 66%, and
48% at 5 years, 10 years, and 15 years respectively
(Fig. 3). This rate was 85%, 69%, and 52% in
complete type, and 77%, 58%, and 51% in partial
type at byears, 10 years, and 15 years, respective-
ly (Fig. 3).
freedom from significant AV valve regurgitation

There was no significant difference in

Freedom from significant left AVVR

P-AVSD . = TkommrEmem .o .o
4 -
C-AVSD  ==e= p=0.60
All cases =——
2 4
0 -
T T T T T
0 5 10 15 20

years

Fig.3 Freedom from significant left atrioventricular valve
regurgitation (AVVR)
AVSD, atrioventricular septal defect ; P, partial ; C,
complete
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Freedom from reoperation of the left AVV

P-AVSD =-:-—
4
C-AVSD =---- p=0.96
All cases
.2
0 4
T T T T T
0 5 10 15 20

years

Fig.4 Freedom from reoperation of the left atrioventricu-

lar valve (AVYV)

AVSD, atrioventricular septal defect ; P, partial ; C,

complete

at 15years between complete AVSD and partial
AVSD (p = 0.60). The estimated freedom from
reoperation for the left AV valve was 98%, 84%,
and 84% for all cases, 94%, 86%, and 86% in
complete AVSD, and 95%, 82%, and 82% in partial
AVSD at byears, 10 years, and 15 years, respec-
tively (Fig. 4). No significant difference was
observed in survival at 15 years between
complete AVSD and partial AVSD (p = 0.96).

3. Gore-Tex band partial ring annuloplasty

A Gore-Tex band partial annuloplasty was
applied to the last two cases due to the high
incidence of significant left AV valve regurgita-
tion following AVSD repair. One patient was a
54-year-old female with partial AVSD. She had
severe left AV valve regurgitation preoperatively.
The other was a 4-month-old child with partial
AVSD with moderate left AV valve regurgitation.
A saline injection test resulted in nearly moderate
central valvular regurgitation in both cases
following complete closure of the cleft of left AV
valve. The saline injection test revealed the
excellent competence of the wvalve after the
completion of Gore-Tex band partial annuloplas-
ty. Postoperative color Doppler echocardiogra-
phy revealed competence of the left AV valve.

Discussion

Although the outcome of surgical management
of AVSD has dramatically improved with a
decrease in mortality following the initial repair,
progressive left AV valve regurgitation remains a
major cause of postoperative mortality and

279 This retrospective study analy-

morbidity
zed the outcome of initial repair of AVSD in 49
patients and reoperation for significant left AV
valve regurgitation in 9 patients over the last 20
years was analyzed. In-hospital mortality for
the entire study population was 8.6%, which is

consistent with the previously reported rates”'”.

This rate has shown dramatic improvement14).
The current series showed no in-hospital death
after 1997. Freedom from reoperation of the left
AV valve was comparable or superior to the rates

99 as well. However, free-

of previous reports
dom from significant left AV valve regurgitation
was disappointing.

The repair technique for the normal mitral
valve seems to have been popularized, standar-

" Controversy still re-

dized and reproducible
mains with regard to the predictability of the
technique and durability of the result of left AV
valve repair in AVSD when there is a significant
regurgitation after closure of the cleft. The left
AV valve of AVSD has structural diversity in
comparison to the normal mitral valve, such as the
annular component, the leaflet and the subvalvu-
lar apparatus®. Complete closure of the cleft
does not always ensure the long term competence
of the valve. The current results showed that
late left AV valve regurgitation is not uncommon
after repair of AVSD has been accomplished
utilizing ordinary techniques demonstrated by
many authors???!?)

The use of a flexible ring in an annuloplasty of
the normal mitral valve has resulted in a standard,
predictable and reliable technique based on the
anatomical and physiological structure of the

13)14)

mitral valve Little attention has been paid

to the ring annuloplasty concept in the surgical
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management of AVSD probably because of the
morphological difference between the mitral
valve and the left AV valve of AVSD.

The normal mitral valve annulus is D-shaped'.
The straight border of the “D” consists of
aortic-mitral fibrous continuity and both right
and left fibrous trigone. This area is relatively
inflexible in comparison to the annulus surround-
ing the mural leaflet, which sometimes lacks
well-formed fibrous cords'®.

Although the linear part of “D” never faces the
ventricular septum in the normal heart, the
counterpart of this part of “D” in AVSD is the
portion where both superior and inferior bridging
leaflets are artificially fixed to the baffle that
separates the atriums and ventricles. Conse-
quently, the linear part of AVSD is considered to
be less flexible, and it is not necessary to cover
this part by annuloplasty ring anymore.
Although we have no experience in using
commercially available rings in patient with
AVSD, we believe that these rings are not ideal
for the repair of left AV valve regurgitation in
AVSD patients because they are not designed for
the left AV valve of AVSD but instead for the
normal mitral valve.

The indications for this technique remains
controversial ; however, the Gore-Tex graft
partial ring annuloplasty appears to be an
important surgical technique when a central or
commissural leak is noted by a saline injection test
following ordinary repair of the left AV valve of
AVSD irrespective of the type of AVSD.

Limitations of this study

This study is limited by its retrospective design
and relatively small number of the patients. No
detailed surgical record was available in early
cases.

Conclusion

The outcome of AVSD repair was acceptable in
terms of mortality and freedom from reoperation
for significant left AV wvalve regurgitation.

There was a significant decrease in mortality in
the later period of the study. The outcome of
reoperation for left AV valve regurgitation was
satisfactory. However, the high incidence of
significant left AV valve regurgitation was
disappointing, and consequently this could result
in growing population of candidates for reopera-
tion with time. The employment of Gore-Tex
graft reduction ring annuloplasty yielded en-
couraging results, but this treatment modality still
needs to be evaluated in the long term.
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HiY @ EEFERIEE (AVSD) 7I‘E'<(ﬁﬁﬂ7§é@pﬁli@7”ﬁ'% FElE, AREBITKT 54 EHAE
BT B b HEE R Eﬁfﬁ)% ARUFFEIZ BT, Y2 BIT 5 AVSD 7FE'<( T RE BT 2 DI
WEEFRG, B I OLMEZE IS 5 HFA TB&J%?J[IK%
FiE 1990 4 1 HA 6 2011 4E 5 H FTIZ49FIZR L AVSD ORGFM 217, 9 B 4 BN EH
WA AT 247 o 72, [AIREHALC 1990 4E X 0 DLRNCARGEMT 2 2 72 5 Bl rt L, M5
WX 2 HFMEITo 72, AWIZETIE, IO T XTOREGIHE 2Nz, 5= pdiitss
HEDOFERZZEL, ZOMBEIZH LWL RENPIZERT 5.
KR FIRIRGR R R % 4 51 (8.6%) ICRED 7248, mIRLLLIE 2o 72, FFAMriz L 505t
C, EEEE L bRBD L o7z, BRMTIE, 6 FICEMEETOFIEK LT, 3HICATHE
Wit 21T o72. HIEKRD 6 HlICHBWT, RO L, s3GHEBIZHIT 5 el 21772, i
D 6 BlIZB T, BEARLEMEZEFBETROFIEZ RO TV vy, AVSD #I ARG 7% 0 B &
AAFERIZ 10 4, 154ET 2% CTh o 72, MIEBGEFMAEFGNI BT 5, LHEEF I T 5 FHFAl
PO OmEEERIE, 10 4FE, 15FTIW% TH o7z, MHARGM 2D H 2 /o B Z 55k 2> & o [al ik
FIL104ETL6% TH -7z, Gore-Tex 77 7 b & 7= 8 Frimeimi A CTH - 72,
Fiak @ AVSD (/9 2 FIRIRIGMr O Bk ix, BT, BFMATEEHEREO mTiid I XEHERTH - 72
B, MitEOFERLEMEE WD D ORI E 2R ThH o 72, EUEZEFICT 5 HF
WMOBFEIZHRETRELDTH 72, Gore-Tex 75 7 b & 7250 Frlshei X, MM
ERFREAEZ WP SELREEZETL2ERAZAETHLEEZ LN



