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Abstract

Background We have reported ‘‘sandwich technique,’’ via

a right ventricular incision, to treat a post-infarction ven-

tricular septal defect (VSD). This technique involves the

placement of patches on both the left and right sides of the

septum, pinching the VSD sealed with surgical adhesive

between the two patches. In this study, we analyzed factors

influencing 1-year mortality to determine the pitfalls in our

procedure.

Methods We evaluated 24 consecutive patients with post-

infarction VSD who underwent the ‘‘sandwich technique’’

via a right ventricular incision. One-year survival and

major residual leak were used as the criteria for the analysis

of survival and technical success, respectively. In protocol

1, clinical variables were evaluated as predictors of one-

year mortality. In protocol 2, surgical techniques were

evaluated as predictors of major residual leak, which was

found to be related to one-year mortality in protocol 1.

Results In protocol 1, the one-year mortality was higher in

patients with major residual leak (75 %, 3/4) than in those

without (15 %, 3/20) (p = 0.035). In protocol 2, the

patients with major residual leak had smaller patches than

those without (41.9 ± 3.8 vs. 47.8 ± 4.8 mm, p = 0.031)

and a smaller size difference between the patches and the

VSD (22.5 ± 6.5 vs. 30.0 ± 5.7 mm, p = 0.028).

Conclusion For the ‘‘sandwich technique’’ via a right

ventricular approach to treat post-infarction VSD, the

choice of patch size according to VSD size is an important

variable for reducing major residual leak.

Keywords Myocardial infarction � Ventricle � Right

Introduction

Post-infarction ventricular septal defect (VSD) is a life-

threatening complication of transmural acute myocardial

infarction, with a poor survival rate despite medical

therapy [1, 2]. The 30-day mortality of post-infarction

VSD was reported to be 10.5 % in an Annual Report by

the Japanese Association for Thoracic Surgery in 2013

[3]. Problems with the previous surgical techniques

include residual leak, uncontrolled bleeding, and tech-

nical difficulty [4–7]. To resolve these problems, we

have developed a sandwich technique via a right ven-

tricular (RV) approach [8–10]. This technique involves

the placement of patches on both the left and right sides

of the septum, pinching the VSD sealed with surgical

adhesive between the two patches via a right ventricle

(RV) approach (Fig. 1). Although there was no mortal-

ity after 30 days in our study, we believe that our

technique may still have some pitfalls, with room to

improve the surgical result, since there were several

cases with major residual leak and several patients who

did not survive for one year [10]. To investigate the

possibility of improving treatment quality, we analyzed

the factors influencing mortality.
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Materials and methods

Between June 2001 and March 2013, 24 surgical cases of

post-infarction VSD were treated with the sandwich tech-

nique via an RV approach, as first surgical treatment in all

patients, at both the Yokohama City University Medical

Center (20 cases) and the National Defense Medical Col-

lege (4 cases). One other patient underwent the procedure

as a reoperation to close a major residual leak after surgery

with the infarct exclusion technique; the case was not

included in this study. Approval for the use of these data

was obtained from the institutional review board of

Yokohama City University Medical Center on October 23,

2014.

Data are expressed as mean ± standard deviation. Sta-

tistical analysis was performed by SPSS 22.0 software

(SPSS, Inc., Chicago, IL, USA) using the Kaplan–Meier

method, Chi-squared test, and Student’s t test. The follow-

up rate for one year postprocedure was 100 %. Since there

was no mortality after 30 days, 1-year mortality was used

as survival criterion.

In protocol 1, correlations between one-year mortality

and non-parametric perioperative clinical data were ana-

lyzed using the Chi-squared test. The perioperative

parameters included major residual leak, redo, location of

VSD (anterior or posterior), ventricle rupture, valve failure,

and use of postoperative percutaneous cardiopulmonary

support (PCPS).

In protocol 2, given the finding in protocol 1 that major

residual leak was correlated with one-year mortality, the

association between major residual leak and surgical vari-

ables was analyzed. The surgical non-parametric data

included patch materials, blood contacting surface, size of

sutures, number of sutures, use of pledgets, use of surgical

adhesive, and use of extended sandwich repair technique

[7, 11, 12], were analyzed using the Chi-squared test. The

non-paired Student’s t test was used to analyze correlations

between parameters related to patch size and major residual

leak. The former parameters included patch size, VSD size

after surgical trimming, and the difference between patch

size and VSD size. Sizes of both VSDs and patches were

expressed as the mean values of the longitudinal and

transverse axes. Major residual leak was defined to include:

(1) significant leak recognized during surgery that neces-

sitated a second pump run; (2) significant leak recognized

postoperatively that necessitated reoperation; and (3) sig-

nificant leak recognized by postoperative echocardiography

with Qp/Qs[1.5.

The surgical technique has been reported elsewhere [10]

and is described briefly here. Under cardiopulmonary

bypass, epicardial direct ultrasonography enabled the sur-

geon to visualize the lesion, to make an appropriate inci-

sion (3–7 cm in length) in the RV, and to perform a

trabecular resection. Through the RV incision, the necrotic

myocardium around the VSD was trimmed to obtain a firm

enough tissue edge, first for stitching, and second for the

introduction of the left ventricular (LV) side patch into the

LV. The original plan was for the surgical bite to be 1.0 cm

from the edge of the trimmed defect (Fig. 1a). With the

addition of an outer margin extending 1.0 cm from the

stitch, the length and width of the patches should be 4.0 cm

larger than those of the trimmed defect (Fig. 1b). In prac-

tice, the size of the patch was not always as originally

planned, since the size was determined by the surgeon. The

patches were a combination of Dacron� or Teflon� felt

patch (Bard Peripheral Vascular Inc., Tempe, AZ, USA)

and an equine pericardial patch (Edwards Life Sciences

Corp., Tokyo, Japan) or autologous pericardium for the

surface in contact with blood. The felt patch and pericardial

Fig. 1 Schematic drawing of the left (LV) and right (RV) ventricular

patches with originally planned size (a). Ten millimeters of surgical

bite from the trimmed edge of the ventricular septal defect (VSD) and

an additional 10 mm from the suture line to the outer edge of the

patch result in a patch size 40 mm larger than the size of the trimmed

VSD (b)
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patches were attached using fibrin glue or gelatin–resorci-

nol–formaldehyde (GRF) glue. Gore-Tex� patches (W.L.

Gore & Associates. Inc., Newark, DE, USA) 0.6 mm in

thickness were used in two cases where no pericardial

patch was attached. Eight or ten 4-0 or 3-0 polypropylene

mattress sutures with an SH or MH needle (Ethicon, Inc.,

Somerville, NJ, USA), with or without felt pledgets, were

first applied to the LV-side patch and then to the edge of

the defect. After the LV-side patch was introduced into the

ventricle, the sutures were lifted to make the LV-side patch

fit the ventricular septum, so as to prevent the GRF glue

leaking into the LV. GRF glue was used to close the VSD

in all cases except one, and was applied to the defect three

or four times. To prevent the presence of residual aldehyde,

the ratio of adhesive to activator in the GRF glue was

strictly controlled at 10:1 [13]. The amount of adhesive

was measured using a syringe, and the amount of activator

was controlled by counting the drops from a 27-gauge

needle, where one drop was 4 ll. Two patches pinched the

ventricular septum. The RV was usually closed with a

running 4-0 or 5-0 polypropylene suture. When there was

widespread necrosis at the edge of the free-wall side of the

septal defect, we inserted the LV-side suture first through

the LV free wall, on the proximal or distal side of the left

anterior descending or posterior descending artery, and re-

entered the RV using the felt strip to avoid cutting the

necrotic ventricular septal wall (Fig. 2a). If the myocardial

necrosis was widespread, we divided the sutures so that one

suture was used to close the LV-side patch and the other to

close the RV side (Fig. 2b), as was also reported by Asai

et al. and Hosoba et al. [11, 12].

Results

Protocol 1

Preoperative, operative, and postoperative data are shown

in Tables 1 and 2. There were three cases with a significant

intraoperative leak treated with a second pump run, and

another single case with a major postoperative leak

although no leak was detected during the first surgery. In

all, major residual leak occurred in 17 % of patients (4/24)

(Table 2). Thirty-day mortality was zero and one-year

mortality was 25 % (6/24 patients). The causes of deaths

were mediastinitis in two patients at 6 and 12 weeks after

surgery, pneumonia in one patient at 8 weeks after surgery,

arrhythmia in one patient at 12 weeks after surgery, heart

failure in one patient at 23 weeks after surgery, and tra-

cheostomy bleeding in one patient at 23 weeks after sur-

gery. Correlations between 1-year mortality and clinical

parameters are shown in Table 3. Three of the four patients

Fig. 2 Schematic drawings of the extended sandwich technique in

case of adequate firm tissue on the free-wall side. a If there is no

viable myocardium in the ventricular septum near the ventricular free

wall, the left ventricular (LV) patch is fixed to the intact ventricular

free wall near the edge of the ventricular septal defect (VSD). Sutures

are placed from inside the LV cavity through to the free wall just to

the right of the left anterior descending artery (LAD), and after

reinforcement with felt to avoid cutting the ventricular septal wall, the

sutures are drawn back to the right ventricular (RV) cavity. b If there

is no viable myocardium in the ventricular septum or the adjacent

ventricular free wall, sutures are placed from inside the LV cavity to

the outside of the LV free wall just to the left of the LAD. The sutures

are then tied with reinforcement from a felt strip. Other sutures are

placed from the outside of the RV free wall near the LAD to the inside

of the RV cavity with reinforcement from another felt strip (extended

‘‘Sandwich’’ patch by Asai et al. 2013) [9]
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(75 %) with major residual leak did not survive for one

year, compared to 3 of the 20 patients (15 %) without

major residual leak (p = 0.035). There were two redo VSD

closure cases, neither of whom survived for one year

(100 %), compared to 4 of 22 patients (18 %) without redo

(p = 0.054). There were no statistically significant differ-

ences in second pump run, GRF glue use, location of VSD

(anterior type or posterior type), postoperative PCPS use,

or severe valve failure. There was only one patient who did

not receive early repair (\7 days). There was one patient

with high VSD who survived for a long term.

Protocol 2

The size of the patches in the cases with major residual leak

(41.9 ± 3.8 mm) was significantly smaller than in those

with no leak (47.8 ± 3.8 mm) (p = 0.031) (Table 4). The

size difference between the patch and the trimmed VSD in

the cases with major residual leak (22.5 ± 6.5 mm) was

significantly smaller than that in the cases without a leak

(30.0 ± 5.7 mm) (p = 0.028). The size of the trimmed

VSD did not show any significant relation to major residual

leak. Correlations between major residual leak and surgical

parameters are shown in Table 5. Major residual leak was

observed in a case where we did not use GRF glue to close

the VSD. However, the difference between the use of GRF

glue and no use was not significant (p = 0.167). Other

parameters, including blood-contacting surface, patch

material, use of pledgets, size and number of suture, and the

use of the extended sandwich approach, did not show sig-

nificant correlation with major residual leak.

In addition, the relationship between one-year mortality

and parameters related to patch size was studied, but no

statistically significant differences were found. The patch

size was 47.6 ± 5.2 mm in patients who survived to one

year and 44.2 ± 3.8 mm in deceased patients (p = 0.249).

The differences between the patch and VSD sizes were

29.8 ± 6.8 mm and 25.7 ± 3.8 mm, respectively

(p = 0.198), while the trimmed VSD sizes were

18.3 ± 5.4 mm and 18.5 ± 2.3 mm, respectively

(p = 0.924).

Discussion

Residual leak, uncontrolled bleeding, and technical diffi-

culty are among the problems with the current surgical

techniques for VSD repair [2, 4, 6, 7]. Using the Daggett

Table 1 Preoperative data (n = 24)

Variable Values

Age 73.5 years (51–86)

Gender female, 16; male, 8

Infarcted site anterior, 19; posterior, 5

Time from onset to operation 2.0 days (0–17)

Early repair (\7 days) 23 (96 %)

Papillary muscle rupture 1 (4 %)

Cardiogenic shock 11 (46 %)

Preoperative IABP 23 (96 %)

Preoperative PCPS 1 (4 %)

Qp/Qs 3.9 (n = 19)

IABP intra-aortic balloon pump, PCPS percutaneous cardiopul-

monary support, Qp/Qs pulmonary-to-systemic blood flow ratio

Table 2 Operative and postoperative data (n = 24)

Variable Values

Concomitant procedures and complications

CABG 4 (17 %)

MVR 1 (4 %)

Second pump run 3 (13 %)

Postoperative PCPS 6 (25 %)

Postoperative IABP 23 (96 %)

Postoperative intubation time 13.0 days (1–93)

Postoperative ICU stay 15.0 days

Bleeding 3 (13 %)

Major residual leak 4 (17 %)

Reoperation for major residual leak 2 (8 %)

Thromboembolic event 4 (17 %)

Cerebral infarction 1 (4 %)

RV thrombus w/o PE 1 (4 %)

LV thrombus 2 (8 %)

CABG coronary artery bypass graft, MVR mitral valve replacement,

PCPS percutaneous cardiopulmonary support, IABP intra-aortic bal-

loon pump, ICU intensive care unit, RV right ventricle, LV left ven-

tricle, PE pulmonary embolism

Table 3 Correlation between one-year mortality and clinical

parameters

Variables One-year status p value

Alive (n = 18) Dead (n = 6)

Major residual leak 1/18 3/6 0.035

Redo VSD closure 0/18 2/6 0.054

Second pump run 1/18 2/6 0.143

GRF glue use 18/18 5/6 0.250

Posterior type 3/18 2/6 0.568

Postoperative PCPS 4/14 2/6 0.618

Valve failure 2/18 1/5 1.0

Values shown are number of patients. p values are based on the Chi-

squared test

VSD ventricular septal defect, PCPS percutaneous cardiopulmonary

support, GRF gelatin–resorcinol–formaldehyde
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infarct excision technique and the David–Komeda infarct

exclusion technique, Deja et al. reported the results of 110

patients with a 30-day mortality of 35 % and a 5-year

survival of 45 % [4]. A recent report by the Japanese

Association for Thoracic Surgery described a somewhat

better 30-day mortality of 10.5 % in 2013 [3]. The sand-

wich technique via the RV approach has provided good

results, with a 30-day mortality of 0 % and a 5-year sur-

vival of 65 %, including hospital mortality [10]. We use

one-year mortality to surgical technique since all the deaths

in one year after the surgery were rather related to the

surgical complication in our experience.

In this study, there was a correlation between major

residual leak and one-year mortality. Other clinical

parameters, including location of the VSD, postoperative

PCPS use, which indicates postoperative right or bilateral

ventricular failure, and severe valve failure involvement,

did not show a significant correlation with one-year mor-

tality. Although it might be generally thought that the high

mortality of post-infarction VSD derives from the patient’s

severe heart failure, our data did not fully support this,

since the use of postoperative PCPS was not related to one-

year mortality. Although the data in our study did not

indicate a relationship between one-year mortality and

patch size, our findings suggest that we can improve the

surgical results if we reduce major residual leak.

Among the parameters we tested in protocol 2, a small

patch size and a small difference between the sizes of the

patch and the trimmed VSD correlated with major residual

leak. Even after thorough resection of the necrotic myo-

cardium during trimming of the edge of the VSD, the

strength of the edge of the VSD seems insufficient to fully

tolerate the tension of the suture. If the patch is not large

enough, a tearing force could result from the sum of the

tension vectors caused by the angled orientation of the

sutures (Fig. 3a). This would entail the use of a part of the

myocardium at high risk of ischemic damage as the

anchoring site of the suture. We did not experience major

residual leak with a patch size of more than 30 mm larger

than the trimmed VSD size. To obtain a safety margin from

the edge of the trimmed VSD after apparently necrotic

myocardium was removed, we tried to allow a 10-mm-

wide bite from the edge of the trimmed VSD (Fig. 3b).

Since the margin outside the suture seems to have a role in

dispersing the pressure of both the pinching force exerted

by the sutures and the LV pressure on the patch over the

wider area of the myocardium at the edge of the VSD, we

also tried to leave a 10-mm margin of patch outside the

stitch (Fig. 3c). Combining the bilateral surgical bite and

the bilateral outer margin, it is recommended to use a patch

40 mm larger than the size of the trimmed VSD (Fig. 1b).

Validity of our choice of the patches such as combina-

tion with Teflon or Dacron felt with pericardium or Gore-

Tex patch with 0.6 mm thickness seems to be compatible

to their patches.

The use of surgical adhesive plays an important role in

treating post-infarction VSD [14, 15]. We did not use

surgical adhesive in one patient and this resulted in a major

Table 4 Correlation of major

residual leak, size of VSD and

patch

Variables Major residual leak p value

No Yes

Patch size (mm) 47.8 ± 4.8 41.9 ± 3.8 0.031

Trimmed VSD (mm) 17.8 ± 4.4 21.3 ± 6.3 0.187

Discrepancy between patch and VSD (mm) 30.0 ± 5.7 22.5 ± 6.5 0.028

Data are mean ± standard deviation. p values are based on the non-paired Student’s t test

VSD ventricular septal defect

Table 5 Correlation between

major residual leak and surgical

parameters

Variables Major residual leak p value

No (n = 20) Yes (n = 4)

GRF glue use 20/20 3/4 0.167

Pericardium equine/equine ? autologous 6/18 0/4 0.541

Patch material Teflon, Gore-Tex, Dacron 2/2/16 0/0/4 0.619

Pledget use 4/20 0/4 1.0

Size of suture 4-0/4-0 ? 3-0 polypropylene 4/20 1/4 1.0

Number of sutures 10/8 4/20 0/4 1.0

Extended sandwich* 2/20 0/4 0.551

Values shown are number of patients. p values are based on the Chi-square test

* The extended sandwich patch technique was introduced by Asai et al. [10]
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residual leak that required a redo sandwich procedure.

Although no statistical significance was demonstrated in

this study, the lack of use of surgical adhesive might cor-

relate with major residual leak. We hypothesized that

surgical adhesive may have three major roles: the first is

sealing the VSD and thus closing the defect, the second is

reinforcement of the fragile myocardium by cross-linking

the weak tissue to prevent suture cutting, and the third is

the reduction of stress to the edge by increasing the stiff-

ness of the edge and so preventing deformity of the patch

on the VSD as a result of LV pressure. We must take care

not to leave residual aldehyde at the repair site when we

use GRF glue. Suzuki et al. [16, 17] reported aortic

necrosis after surgical treatment using GRF glue in patients

with acute type A aortic dissection. We have monitored the

surviving patients by echocardiography every year at the

outpatients clinic, and we did not observe any pseudoa-

neurysm formation at the VSD repair site. We believe that

an appropriate ratio of adhesion and activator, in combi-

nation with felt reinforcement, might prevent pseudoa-

neurysm formation. Our in vitro test indicated that a 10:1

volume ratio of adhesive to activator provides the best

force and minimal residual aldehyde [12]. Other surgical

adhesives, such as bovine serum albumin–glutaraldehyde

glue (Bioglue�, Cryolife, Inc., Kennesaw, GA), have also

been used in the sandwich technique via the RV approach

[10, 11]. Although the use of these surgical adhesives in the

sandwich technique is currently not reimbursed by insur-

ance in our country, we do recommend the use of surgical

adhesives to avoid the risk of leak, with consent from the

patient and institutional approval.

Extended approach

In six of the 24 patients, we recognized that there was

ischemic myocardium at the free-wall side edge of the

VSD from the RV view. Since suturing the patch to

necrotic myocardium on the LV side may result in tearing

of the tissue with major residual leak, we had to place

sutures from the inside of the LV chamber to the RV or LV

free wall that was free of ischemic changes (Fig. 2a, b). To

prevent excessive stress on the ventricular free wall, rein-

forcement of the suture with Dacron or Teflon felt is

required. The suture is then pulled back into the RV cavity

(Fig. 2a). We can also separate sutures, one to fix the LV-

side patch and the other to fix the RV-side patch (Fig. 2b);

this is the so-called ‘‘extended sandwich patch’’ reported

by Asai et al. [10]. Although we could not demonstrate the

benefit of this technique in our small study, we believe that

it might be useful in selected patients who have severe

necrosis near the free-wall side edge or apical edge of the

VSD. In addition, we reinforce LV free wall with bovine

epicardium when oozing rupture or severe ischemic

appearances are noticed, where we had not seen any

marked LV remodeling in follow-up.
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