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78 The Journal of Thoracic and Cardio
bjectives: We previously described a novel technique for closure of trabecular
entricular septal defects by sandwiching the septum with 2 polyester felt patches
ithout requiring left ventriculotomy. We describe the midterm results of this

echnique and the postoperative cardiac function.

ethods: This is a retrospective study of 36 consecutive patients. The median age
nd body weight at the time of repair was 15 months (range: 2-115 months) and
.8 kg (range: 3.9-51.9 kg), respectively.

esults: Sixty-three trabecular ventricular septal defects in 36 patients were closed
ith the felt sandwich technique. In the early postoperative period, 1 patient died of
ulmonary hypertensive crisis. There were 2 late deaths. One patient died of
neumonia 6 months after surgery, and another died suddenly of ventricular ar-
hythmias 2 years after surgery. Three patients required reoperation (closure of
ajor residual ventricular septal defect, cardiac transplantation for dilated cardio-
yopathy, and pacemaker implantation for complete atrioventricular block). Post-

perative left ventricular fractional shortening in the group with a body surface area
ess than 0.4 m2 was significantly lower than that in the group with a body surface
rea of 0.4 m2 or greater (0.22 � 0.09 vs 0.31 � 0.06, P � .0027). Moreover, there
as a strong correlation between postoperative left ventricular ejection fraction and

otal patch area/body surface area ratio (R � �0.74, P � .0004).

onclusion: Multiple trabecular ventricular septal defects can be closed with the felt
andwich technique easily and safely. Although this technique can be used in small
nfants, the use of numerous felt patches disturbs the movement of ventricular
eptum, which may cause postoperative cardiac dysfunction.

he repair of multiple trabecular ventricular septal defects (VSDs) remains
controversial and a surgical challenge. These VSDs are difficult to localize
precisely, and the omission of the VSDs during repair may lead to a

ostoperative residual shunt. It is well known that ventriculotomy for closure of
SDs sometimes causes postoperative ventricular dysfunction or arrhythmia. Al-

hough improved techniques for the repairs of such VSDs without a ventriculotomy
ave been reported,1 morbidity and mortality remain high because of the presence
f residual VSDs and postoperative myocardial dysfunction.

We previously described a novel, safe, and simple technique for closure of
rabecular VSDs by sandwiching the septum between 2 polyester felt patches placed
n the left and right ventricle without ventriculotomy (the felt sandwich tech-
ique).2,3 However, midterm or long-term outcomes of patients undergoing this
echnique have not been reported. Moreover, the influence of numerous patches
laced in the interventricular septum on cardiac function is unclear.

In this study, we investigated the midterm results of this technique and performed
urther analysis of postoperative cardiac function to determine the appropriate

ndications and operative method for this type of procedure.
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atients and Methods
atients
rom November 1998 to August 2005, 36 consecutive patients un-
erwent surgical treatment for multiple trabecular VSDs with the felt
andwich technique at our institutes. Patients or guardians of the
atients gave informed preoperative consent. There were 21 boys and
5 girls. The patients ranged in age from 2 to 115 months (median: 15
onths) and weighed 3.9 to 51.9 kg (median: 7.8 kg). Associated

ardiac anomalies included tetralogy of Fallot in 4 patients, double
utlet right ventricle in 3 patients, atrioventricular septal defect in 2
atients, transposition of the great arteries with coarctation of aorta in
patient, and atrial septal defect patients in 9 patients. Eleven patients
ad isolated multiple VSDs. Multiple VSDs were diagnosed preop-
ratively in 25 patients (69%), and trabecular VSDs were identified
ntraoperatively in 11 patients (31%). Pulmonary artery banding
PAB) was previously performed in 13 patients (Table 1).

elt Sandwich Technique for Closure of Trabecular
entricular Septal Defects
he detail of the surgical technique was described in previous

eports.2,3 Briefly, under moderate hypothermic total cardiopulmo-
ary bypass, the aorta was crossclamped, and myocardial protec-
ion was achieved with cold-blood antegrade cardioplegia. A lon-
itudinal right atriotomy was performed, and the trabecular septum
as exposed through the tricuspid valve. We placed a right-angled

orceps between the right-sided trabecular VSD through the tri-
uspid valve and the left-sided trabecular VSD through another
erimembranous VSD or a longitudinal atrioseptostomy. Through
he trabecular VSD, the forceps were used to advance a 3F Nelaton
atheter (Bard, Haverhill, Mass), which was used to place an
versized circular polyester felt patch mounted on a 3-0 Nespolen
uture (Azwell, Osaka, Japan). The suture ends were passed
hrough a slightly smaller polyester felt patch on the right ventric-
lar side of the septum. The Nespolen suture was then tied, thereby
andwiching the septum between 2 polyester felt patches. Early in
his series, the felt size used on the left ventricular side was 8 to
0 mm larger than the estimated size of the VSD. Recently, a
lightly smaller felt (6 to 8 mm larger than the estimated VSD size)
as used to avoid ventricular dysfunction by felt patches placed in

he interventricular septum.

ostoperative Cardiac Function
ardiac function was evaluated by echocardiography and cardiac
atheterization 4 weeks after the operation because patches occu-
ying the interventricular septal space may cause left ventricular
ysfunction. The patients were divided into 2 groups based on a
ody surface area (BSA) less than 0.4 m2 or greater than 0.4 m2,
nd their cardiac function was compared. We evaluated the cor-

Abbreviations and Acronyms
ACEI � angiotensin-converting enzyme inhibitor
BSA � body surface area
PAB � pulmonary artery banding
VSD � ventricular septal defect
elation between left ventricular ejection fraction and the value of o

The Journal of Thoracic
he calculated total patch area/BSA ratio based on the following
quation: total patch area/BSA � the sum total patch area of
atches used for closure of trabecular and perimembranous or
ther VSDs (cm2)/BSA (m2).

tatistics
ata for continuous variables are expressed as the median value

nd range. Measured valuables are expressed as the mean �
tandard deviation. The Student t test was used to compare echo-
ardiographic fractional shortening and ejection fraction during
atheterization.

esults
arly Results
ne patient with 21-trisomy died of a pulmonary hyperten-

ive crisis 1 day after the operation. One patient had a
omplete atrioventricular block and required pacemaker
mplantation.

idterm Results
here were 2 late deaths. One patient with double outlet

ight ventricle died suddenly of ventricular arrhythmia 2
ears after the operation. Another patient with tetralogy of
allot and bronchomalacia died of pneumonia 6 months
fter the operation. Two patients required reoperation. One
atient with transposition of the great arteries underwent an
rterial switch operation and closure of the VSDs at the age
f 2 months and at a weight of 4.5 kg. At that time, multiple
rabecular VSDs were identified and 4 VSDs in total were
losed. Severe left ventricular dysfunction developed post-
peratively. She required a heart transplantation 18 months
fter the operation.

Another patient had postoperative congestive heart
ailure after closure of 2 VSDs. Echocardiography and
ardiac catheterization revealed a large residual VSD
ith a pulmonary blood flow/systemic blood flow (Qp/
s) of 1.73. At the time of reoperation, a muscular inlet-

ype VSD was revealed, which was closed with a standard
atch closure. Operative findings demonstrated that the felt
atch from the previous operation was covered with prolif-
rating endocardium.

losure of Trabecular Ventricular Septal Defects
ixty-three trabecular VSDs were closed in 36 patients
ith the felt sandwich technique. The VSD included 7
igh trabecular, 29 mid-trabecular, and 27 low trabecular
eptal lesions according to the classification of Serraf and
olleagues.4

Major leakage around the felt patch was found in 1
atient, although the leakage disappeared spontaneously 14
onths later. Minor leakage was found perioperatively in 11

atients. During follow-up, minor leakage disappeared in 8

f these 11 patients.

and Cardiovascular Surgery ● Volume 132, Number 2 279
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The mean size of the trabecular VSD was 4.1 � 1.2 mm,
nd the mean sizes of the left- and right-sided patches were
0.9 � 2.8 mm and 8.9 � 2.6 mm, respectively. In the most
ecent 19 patients, left- and right-sided patches were 8.6 �
.4 mm and 6.6 � 1.3 mm, respectively, for 3.5 � 0.7 mm
rabecular VSDs. In the 17 patients undergoing the proce-
ure in the earlier era, left- and right-sided patches were
2.8 � 2.3 mm and 10.8 � 1.9 mm, respectively, for a mean
f VSD size of 4.5 � 1.7 mm. The sizes of felt patches were
ignificantly smaller in the current cases than those in the

ABLE 1. Characteristics of 36 patients undergoing felt pa
ase Associated cardiac anomaly Number of VSDs

1 DORV, PA 2 (1)
2 VSD 3 (2)
3 DORV, PS 2 (1)
4 AVSD, TF 2 (1)
5 ASD 2 (1)
6 MR 2 (1)
7 VSD 3 (2)
8 PS 2 (1)
9 VSD 4 (3)

10 ASD, PDA 3 (2)
11 VSD 2 (1)
12 ASD 3 (2)
13 ASD 3 (2)
14 ASD 2 (1)
15 ASD 3 (2)
16 VSD 2 (1)
17 ASD 2 (1)
18 DORV, PS 3 (2)
19 VSD 2 (1)
20 TGA(II), CoA 4 (3)
21 ASD 2 (1)
22 IVC interruption 4 (3)
23 ASD, PAPVR 4 (3)
24 AVSD, CoA 3 (2)
25 DAA, PDA 4 (3)
26 VSD 3 (2)
27 TS 5 (4)
28 TF, PAPVR 3 (2)
29 VSD 4 (3)
30 VSD 2 (1)
31 MR 4 (3)
32 TF, ASD 3 (2)
33 TF, ASD 2 (1)
34 TF 2 (1)
35 VSD 2 (1)
36 VSD 2 (1)

he numbers of trabecular VSDs are shown in parentheses. Dx, Diagno
tresia; PS, pulmonary stenosis; AVSD, atrioventricular septal defect; TF, te
uctus arteriosus; TGA, transposition of the great arteries; IVC, inferior ve
f the aorta; DAA, double aortic arch; TS, tricuspid valve stenosis. BT, Blal
nastomosis; intraop., intraoperative identification.
arly cases (Figure 1). There was no difference in the ratio v

80 The Journal of Thoracic and Cardiovascular Surgery ● Augu
f leakage around the felt patch between early and current
ases.

ardiac Function
ardiac function was evaluated by echocardiography (34
atients) and cardiac catheterization (21 patients). Left
entricular fractional shortening in the group with a BSA
ess than 0.4 m2 (n � 15) was significantly lower than
hat in the group with a BSA greater than 0.4 m2 (n � 18)
0.22 � 0.09 vs 0.31 � 0.06, P � .007) (Figure 2). Left

closure for trabecular ventricular septal defects
vious intervention Preoperative Dx of tVSD BW (kg)

ral BT Pre. 51.9
Pre. 18.3

ral BT Pre. 18
BT Pre. 12.9

— Intraop. 4.6
— Intraop. 7.8

Pre. 18.2
— Pre. 14.1

Pre. 16.5
Pre. 14.1

— Pre. 6.5
Pre. 5.9
Pre. 9.6

— Pre. 7.4
— Pre. 4.1

Pre. 10.4
— Intraop. 4.5
— Pre. 6.6

Pre. 11.6
�PAB Intraop. 4.5

— Pre. 3.9
Pre. 7.8
Pre. 7.1

�PAB Pre. 8.4
rch division�PAB Pre. 10.3

— Pre. 5.6
— Intraop. 6.6
— Pre. 5.23
— Intraop. 6.6
— Intraop. 6.9
— Pre. 6.7
— Pre. 11.3
— Intraop. 10.1
— Intraop. 9.4
— Intraop. 3.9
— Intraop. 5.8

SD, trabecular VSD; DORV, double-outlet right ventricle; PA, pulmonary
y of Fallot; ASD, atrial septal defect; MR, mitral regurgitation; PDA, patent

va; PAPVR, partial anomalous pulmonary venous return; CoA, coarctation
aussig shunt; PAB, pulmonary artery banding; EAAA, extended aortic arch
tch
Pre

Bilate
PAB
Bilate
Right

PAB

PAB
PAB

PAB
PAB

PAB

PAB
EAAA

PAB
PAB
EAAA
Left a

sis; tV
tralog

na ca
ock-T
entricular ejection fraction was strongly correlated with
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otal patch area/BSA ratio (R � �0.74, P � .0004)
Figure 3).

iscussion
eft ventriculotomy for closure of multiple VSDs leads to

eft ventricular dysfunction, aneurysm formation, and ven-
ricular arrhythmias in both the early and late postoperative
eriods.5 To avoid these complications, several surgical
aneuvers to treat multiple VSDs have been described.1,6

igure 1. Relationship between the size of the trabecular VSDs
nd the felt patch. The sizes of trabecular VSD and felt patch are
hown for early cases (hatched bar, 18 patients) and recent cases
open bar, 17 patients). The size of felt patches in the recent cases

as significantly smaller than those in the early cases. VSD,
entricular septal defect; RV, right ventricle; LV, left ventricle.

igure 2. Comparison of postoperative cardiac function between
atients with a BSA less than 0.4 m2 and greater than 0.4 m2. Left
entricular fractional shortening in the group with a BSA less
han 0.4 m2 (n � 14) was significantly lower than that in the group

ith a BSA greater than 0.4 m2 (n � 18) (0.22 � 0.09 vs 0.31 � 0.06,

� .0027). BSA, Body surface area; FS, fraction shortening. r

The Journal of Thoracic
ranscatheter devices for percutaneous or surgical closure
f muscular VSD have been frequently reported.7-9 How-
ver, the mortality and morbidity associated with these
rocedures were still high.9,10 Furthermore, postoperative
ardiac function and long-term outcomes were unclear.

Kitagawa and colleagues1 described the technique of
SD repair with transection of the moderator band, without

eft ventriculotomy. Left ventricular function after this pro-
edure, particularly ventricular septal movement, was not
escribed in long-term follow-up. However, patients re-
uired prolonged medication for cardiac failure, including
iuretics and angiotensin-converting enzyme inhibitor
ACEI). This suggests that this procedure is associated with
mpaired cardiac function postoperatively. In our cases, 20
f 33 survivors received no drug postoperatively. In the
ther 13 patients, 5 patients required ACEI, 5 patients
equired both ACEI and diuretics, and 3 patients required
CEI, diuretics, and digitalis. Eight patients who were

dministered the drug had a BSA less than 0.4 m2 at the
ime of operation. Macé and colleagues6 described the tech-
ique of repair for multiple VSDs using a whole ventricular
eptal patch. Early postoperative cardiac function was good.
owever, it was hypothesized that the whole patch may
isturb growth of the left and right ventricles, impairing
ardiac function.

In 2001, we described the felt sandwich technique for
losure of trabecular VSDs. This simple technique does not
equire special devices, prolonged operation time, or left
entriculotomy. This technique enabled us to close trabec-
lar VSDs easily, which were identified intraoperatively.
rizard and colleagues11 reported a similar technique using

ntraoperative echocardiography guidance with excellent
esults.

igure 3. Relationship between ejection fraction based on car-
iac catheterization and total patch area/BSA ratio. Raw data
circles). The regression curve (broken line) shows a linear
ecrease with a significant correlation as total patch area/BSA

atio increases (R � �0.74, P � .0004). BSA, Body surface area.

and Cardiovascular Surgery ● Volume 132, Number 2 281
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Although the felt sandwich technique is simple, safe,
ffective, and reproducible, this technique was found to be
ssociated with leakage around the felt patch and left ven-
ricular dysfunction because the use of numerous patches
isturbs the movement of the ventricular septum. We iden-
ified some infants in whom deterioration of cardiac func-
ion developed. Therefore, we performed further analyses to
ssess midterm results, fate of the residual shunt, and post-
perative cardiac function.

In our series, there was major perioperatively leakage
round the felt patch in 1 patient and minor leakage in 11
atients. During follow-up, we observed spontaneous clo-
ure of a major leakage 14 months after the operation.
inor leakages in 8 of 11 patients disappeared. Although
inor leakage in 3 patients persisted, the leakage is ex-

ected to disappear in the near future. These results indi-
ated that the residual shunt around the felt patch disappears
pontaneously in most cases. However, overlooked trabec-
lar VSDs never disappeared. We identified 1 patient who
equired reoperation because of a large residual VSD.

Preoperative detection of the location and number of
rabecular VSD is very important. Brizard and colleagues11

eported that intraoperative echocardiography was useful in
onfirming the location of trabecular VSDs. However, their
ethod does not identify other trabecular VSDs, which
ere not diagnosed preoperatively. In fact, we found mul-

iple VSDs in 11 patients intraoperatively. Trabecular VSDs
ere sometimes found in the malaligned interventricular

eptum. In these cases, blood oozed into the right ventricular
espite adequate left ventricle venting. Because missing a
rabecular VSD leads to severe complications, meticulous de-
ection is important during preoperative echocardiography and
ntraoperative evaluation of trabecular VSDs.

Although the felt sandwich technique can be performed
ithout left ventriculotomy, our study showed that a large

otal patch area corrected in BSA for closure of VSDs might
ause cardiac dysfunction, particularly in infants. Cardiac
ysfunction is thought to be caused by standard VSD patch
nd felt patch disturbing the movement of ventricular sep-
um. Our data suggest that postoperative cardiac function is
orrelated with total patch area/BSA ratio. In infants, par-
icularly with a BSA less than 0.4 m2, cardiac function is
trongly influenced by patch area. Therefore, we have made
n effort to use as small a felt patch as possible. Compared
ith our early cases, the later cases had a felt patch that was

pproximately 2 mm smaller for VSD repair. Nevertheless,
here may still be postoperative cardiac dysfunction for a
arge patch area. We propose PAB in cases in whom post-
perative cardiac dysfunction is predicted. PAB can protect
he pulmonary vascular bed, attenuating congestive heart

ailure and delaying definitive repair. PAB, compared with

82 The Journal of Thoracic and Cardiovascular Surgery ● Augu
rimary multiple VSD repair, is considered to have the
dvantage of maintaining cardiac function in infants.

Intraoperative conversion to PAB was performed in a
atient because of concern about postoperative cardiac dys-
unction after placement of a large patch. The patient was a
-month-old girl with a large solitary VSD. Her weight was
.7 kg and BSA was 0.25 m2. She was scheduled for
rimary VSD closure, but at least 4 VSDs were detected in
he trabecular septum. Postoperative cardiac function was
oor (estimated ejection fraction was 31%) presumably
ecause of a total patch area/BSA ratio. We decided to
erform PAB despite cardiopulmonary bypass.

onclusion
he felt sandwich technique is simple, safe, and effective

or repairing multiple trabecular VSDs. This simple tech-
ique does not require special devices, prolonged operation
ime, or left ventriculotomy. However, in neonates or small
nfants, this technique may have the risk of causing post-
perative cardiac dysfunction. In patients who require large
mount of patches for closure of multiple VSDs, PAB
hould be applied as an alternative for primary repair.
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