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Introduction

Since Cooley and colleagues first successfully per-
formed a surgical repair of a post-infarction ventricu-
lar septal defect (VSD),1) steady progress has been
made in the surgical management of this serious com-
plication of an acute myocardial infarction, but the
operative mortality for the early repair of post-infarc-
tion VSD remains unacceptably high. Some recent re-
ports have indicated that preoperative right ventricu-
lar dysfunction was one of the most important risk fac-
tors for the surgical repair of a post-infarction VSD2-4)

and  tha t  surg ica l  techniques  wi th  e i ther  no
infarctectomy of the ventricular septum, or only a lim-

ited one, preserved the right ventricular function and
led to a good survival5-7). The infarct exclusion tech-
nique, which was originally described by Komeda,
Fremes and David,8) also needed no infarctectomy, and
its reported surgical results seemed better than those
when more conventional techniques with a sufficient
infarctectomy9) were used. However, in the infarct ex-
clusion technique, a running suture used for suturing
a patch may tear especially along the base of the ven-
tricular septum. These considerations led us to suture
a patch to the healthy myocardium around the infarct
using multiple interrupted mattress sutures with large
pledgets. In addition, in the postero-inferior margin
of the pericardial patch, one or two mattress sutures
passing through the full thickness of the anterior pap-
illary muscle were used to fasten this patch onto the
ventricular septum. This article reports the results of
nine consecutive patients with post-infarction VSD
undergoing an early surgical repair using this tech-
nique.
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Background:  Operative mortality for a post-infarction ventricular septal defect (VSD) re-
mains high. The infarct exclusion technique has been producing a favorable outcome for
repairing this serious defect. However, there is the technical weakness, namely running su-
ture along the base of the necrotic septum. We sutured a pericardial patch using multiple
interrupted mattress sutures in such a manner as to exclude the infarct and VSD.
Methods:  Over the past seven years, nine consecutive patients with a post-infarction VSD
underwent an early repair in the same manner. The VSD was anterior in eight patients and
posterior in one. We sutured a xenopericardial patch to the healthy myocardium around the
infarct using interrupted mattress sutures instead of running sutures as the infarct exclusion
technique. In addition, on the postero-inferior margin of the patch, one or two mattress
sutures passing through the full thickness of the anterior papillary muscle were used.
Results:  Only one patient died of pneumonia 50 days after surgery. The other eight patients
were followed up and were functionally classified as NYHA class I or II.
Conclusions:  These findings suggest that our modified infarct exclusion technique using
multiple mattress sutures is an effective alternative surgical technique. (Ann Thorac
Cardiovasc Surg 2002; 8: 281–5)
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Materials and Methods

Patients
From September 1993 through May 2000, nine consecu-
tive patients were referred to us for surgical treatment.
No offers for surgery were rejected during this period.
Patient data of these nine subjects were prospectively
collected, and the current status of the survivors was as-
certained by checking with the attendant cardiologists.

The subjects consisted of 5 men and 4 women ranging
in age from 58 to 84 years (mean 73.8 years). The VSD
was diagnosed by the detection of an additional systolic
heart murmur from 1 to 12 days (mean 1.9 days) after
occurrence of an acute myocardial infarction. The opera-
tion was performed from 1 to 10 days (mean 4.1 days)
after the diagnosis of VSD and from 2 to 15 days (mean
7.6 days) after occurrence of an acute myocardial infarc-
tion. An anterior VSD was found in eight patients and a
posterior VSD was observed in one. All patients were
managed with an intra-aortic balloon pump (IABP) pre-
operatively. All but two patients also received some ino-
tropic support to maintain adequate blood pressure. All
patients were either oliguric or anuric, and one patient
required peritoneal dialysis before undergoing surgery.

All patients underwent preoperative coronary angiog-
raphy. Regarding the types of coronary artery disease,
one patient had left main, one had three-vessel, one had
two-vessel and six had one-vessel coronary artery dis-
ease. Five of these patients also underwent contrast left
ventriculography preoperatively, which revealed the left
ventricular ejection fraction to range from 26 to 60%
(mean  43%) .  The  f ind ings  o f  p reopera t ive
echocardiography revealed four patients with a severely
impaired left ventricular function and two patients with a
severely impaired right ventricular function. In all patients,
the left-to-right shunt was measured by oximetry and the
value ranged from 2.5 to 4.5 (mean 3.3). All but one pa-
tient was operated on urgently. One patient was operated
on emergently because of cardiac arrest. He was resusci-
tated and placed on a cardiopulmonary bypass immedi-
ately in the operating room and subsequently underwent
a surgical repair of VSD.

Surgical techniques
All operations were performed by one surgeon and the
VSD was repaired in the same manner. Total cardiopul-
monary bypass (CPB) was established with ascending
aortic and bicaval cannulation in all cases. CPB was per-
formed under moderate hypothermia (28°C) and the left

ventricle was drained through the right superior pulmo-
nary vein. Cardiac arrest was induced by antegrade crys-
talloid cardioplegia. In cases of anterior VSD, an inci-
sion was made in the apex of the left ventricle parallel to
the anterior descending artery 1 cm from it. In one case
of posterior VSD, the apex was lifted and an incision was
made in the mid-portion of the inferior wall parallel to
the posterior descending artery 5 mm from it. Through
the left ventriculotomy, the VSD was closed using mul-
tiple monofilament interrupted mattress sutures with large
pledgets of Teflon felt which were placed on the left ven-
tricular side of the septum as far away from the rim of the
infarcted area as possible. A double xenopericardial patch
was used to cover the VSD and necrotic septum around
the VSD. In the postero-inferior margin of the pericardial
patch, one or two mattress sutures passing through the
full thickness of the anterior papillary muscle were used.
The ventriculotomy was closed with interrupted Teflon
felt-reinforced mattress sutures. In one case of posterior
VSD, the left ventricular free wall was reconstructed with
a tailored Dacron prosthetic graft in cases of posterior
VSD as described by Daggett et al.9) The details of the
technique are shown in Fig. 1. Myocardial revasculariza-
tion was performed in six patients. The bypassed arteries
were 2 left anterior descending arteries, 3 diagonal
branches, 4 left circumflex arteries and 2 right coronary
arteries. The internal thoracic arteries were unilaterally
used in three patients and bilaterally in one, while in the
remaining two patients, saphenous vein grafts alone were
used. The mean number of distal anastomoses, expressed
as the mean±standard deviation, was 1.2±1.0 (range, 1-
3). In one patient with a posterior VSD, a mitral valve
replacement was concomitantly performed because the
infarct involved the posterior papillary muscle. The mean
aortic cross-clamping time, expressed as the mean±stan-
dard deviation, was 137±28 minutes (range, 100-170 min-
utes).

Results

Operative mortality and morbidity
All patients showed an improved hemodynamic perfor-
mance after completion of repairs of VSD and they were
weaned from CPB without any great difficulty. No pa-
tients demonstrated any excessive bleeding from the left
ventriculotomy site either during or after the operations.
Although all patients required the support of IABP in the
postoperative period, all but one could be weaned from it
within 12 hours. Only one patient, who had a significant
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Fig. 1.  Repair of an anterior VSD. A: Monofilament interrupted mattress sutures with wide bites are anchored as far away from the rim
of the infarcted area as possible. B: A double xenopericardial patch is sutured to the ventricular septum. The base of the patch is
sutured to the myocardium just below the mitral annulus, while the needles often have to be inserted from the patch side, namely the
reverse direction to the other sutures. C: A left ventriculotomy in the infarcted myocardium is closed with interrupted Teflon felt-
reinforced mattress sutures. The septal patch is incorporated in the repair in a sandwich fashion. D: A cross-section of the heart
showing a complete repair of an anterior VSD.

A B

C D

residual VSD with a left-to-right shunt measuring 1.8 and
who therefore underwent an urgent reoperation two days
after the initial operation, continued to receive IABP sup-
port until the second operation.

No patients died within 30 days of operation. How-
ever, one 82-year-old patient, who underwent a

reoperation for repairing a residual VSD died of pneu-
monia 50 days after the operation. The other eight pa-
tients were discharged without any deficit and were fol-
lowed up postoperatively for an average of 4.8 years
(range, 2 to 9 years). All patients were followed up
monthly by the attendant cardiologists and none of these
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patients had any cardiac events including additional myo-
cardial infarction, congestive heart failure requiring hos-
pitalization, coronary intervention and/or reoperation. All
patients are functionally classified as New York Heart
Association (NYHA) class I or II at the time of this re-
port.

Postoperative complications were common. All patients
required inotropic support for from 1 to 10 days (mean
4.2 days) after surgery. Five patients required assisted
ventilation for more than 48 hours. One patient, who re-
ceived peritoneal dialysis before surgery, also required it
for seven days after surgery. One patient underwent an
implantation of a permanent pacemaker because of an
advanced AV block.

Discussion

Post-infarction VSD is a serious complication of an acute
myocardial infarction. Many cardiovascular surgeons have
contributed to the improvement of the surgical results,
while the majority of reported operative mortalities has
been high, ranging from 13 to 38%.5,10-12) According to
analyses of the operative risk factors, an early repair after
infarction, cardiogenic shock and inferior VSD were usu-
ally indicated as predictors of mortality,3,13,14) while in
some reports, the importance of preserving the right ven-
tricular function has also been indicated.5) We paid spe-
cial attention to the contribution of the ventricular sep-
tum to the right ventricular function and we tried to pre-
serve the right ventricular function like the infarct exclu-
sion technique by not resecting the infarcted ventricular
septum and by not incising the right ventricle.

Skillington et al. performed a minimal debridement of
the ventricular septum and reported good operative re-
sults with an operative mortality of 20.8%.12) Da Silva et
al. used a new repair technique which stressed that no
part of the infarcted ventricular septum be resected, and
they also reported that this technique was used for seven
consecutive patients with an operative mortality of
14.3%.6) Massetti et al. repaired VSD through the right
atrial approach without either a right or left ventriculo-
tomy in selected patients and their operative mortality
was 25%.7)

The infarct exclusion technique can also leave the right
ventricle undisturbed, and according to the most recent
report,5) the operative mortality was only 13.4%. How-
ever, in this technique, there is the weak point along the
base of the ventricular septum where a running suture
used for suturing a patch may tear. It seems that this tech-

nique is rather technically demanding and the problem of
residual shunt occurs with unacceptably high frequency
such as reported by other authors14) than by David et al.
To overcome these weak points of the infarct exclusion
technique, we used multiple interrupted mattress sutures,
and in the postero-inferior margin of the pericardial patch,
we utilized the anterior papillary muscle for suturing the
patch firmly enough to the fragile septum.

There are limitations to our findings since no random-
ized prospective study was carried out, and the number
of subjects was too small to make any definitive conclu-
sions about this surgical method. In addition, our series
included only one posterior VSD, which has been indi-
cated as a risk factor for repairing post-infarction VSDs
by many reports. So, our good survival rate may be at-
tributed to the fact that our series was heavily weighted
toward the anterior VSD. However, we thought that both
preserving the right ventricular function by not resecting
any part of the ventricular septum and securely closing
the VSD by covering it tightly and strongly with a patch
material using multiple interrupted mattress sutures,
which were placed on the left ventricular side of the sep-
tum, are important determinants in the outcome of pa-
tients with post-infarction VSD.

Conclusion

The repair for a post-infarction VSD through the left ven-
triculotomy without a septal infarctectomy using multiple
interrupted mattress sutures is considered to be an effec-
tive alternative technique.
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