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Abstract
An 84-year-old man who underwent percutaneous coronary intervention for acute inferior myocardial infarction due to 
occlusion of the mid portion of the right coronary artery was transferred to our hospital because of post-infarction posterior 
ventricular septal rupture. We performed the extended sandwich technique via the right atrial approach as well as tricuspid 
and mitral valve replacement and permanent pacemaker implantation. Mild residual shunt was detected post-operatively, 
but the patient’s condition was controlled well with diuretics.
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Introduction

Ventricular septal rupture (VSR) is a life-threatening com-
plication of transmural acute myocardial infarction (MI). 
Surgical treatment remains the treatment of choice, but it is 
still a challenging operation associated with high mortality, 
especially the surgical repair of posterior VSRs secondary 
to inferior MI [1, 2]. We herein report a case of an elderly 
patient who underwent extended sandwich technique via the 
right atrial approach for post-infarction posterior VSR.

Case

An 84-year-old man with complaint of sudden-onset chest 
pain was referred to a nearby hospital. The patient was found 
to have acute inferior MI due to occlusion of the mid por-
tion of the right coronary artery and subsequently underwent 
percutaneous coronary intervention (PCI). On the following 
day, a transthoracic echocardiogram revealed a VSR with 
left-to-right shunt flow; an intra-aortic balloon pump (IABP) 
was inserted, and he was transferred to our hospital.

On admission, a pansystolic murmur was auscultated 
from the left sternal border. Biochemical tests revealed a 
serum creatinine level of 1.3 mg/dL and a creatine kinase 
level of 229 U/L. Chest X-ray showed a 54% cardiothoracic 
ratio with remarkable lung congestion, and electrocardiogra-
phy showed normal sinus rhythm and ST-segment elevations 
in leads II, III, and aVF. Transthoracic echocardiography 
demonstrated a VSR in the middle level of the posterior 
ventricular septum (Fig. 1a and b), a D-shaped left ventricle 
(LV), right ventricular (RV) systolic dysfunction, and mild 
mitral regurgitation (MR). Post-infarction posterior VSR 
was diagnosed, and emergency surgery was performed.

Cardiopulmonary bypass was established with can-
nulation to the ascending aorta, superior vena cava, and 
inferior vena cava. An aortic cross-clamp was placed, and 
antegrade blood cardioplegic arrest was induced. We made 
a right atrial longitudinal incision and identified a VSR in 
the middle level of the posterior wall underneath the com-
missure of the septal and posterior leaflets of the tricuspid 
valve (TV) (Fig. 2). Exposure was secured after we excised 
the septal and posterior leaflets and the chordae of the 
TV and RV trabeculation hiding the defect. The necrotic 
myocardium around the VSR was resected, revealing a 
defect measuring 2 cm in diameter. The extended sandwich 
technique [3–6] was employed using a bovine pericardial 
patch placed on the LV side of the septum, combined with 
a Dacron patch placed on the RV side of the septum and 
Teflon felt pledgets placed on the LV and RV free wall 
(Fig. 3a and b). We blindly placed several LV side stitches 

 * Koji Furukawa 
 koji_furukawa@med.miyazaki-u.ac.jp

1 Department of Cardiovascular Surgery, Faculty of Medicine, 
University of Miyazaki, 5200 Kiyotakecho Kihara, 
Miyazaki-city, Miyazaki 889-1692, Japan

http://orcid.org/0000-0002-5264-9659
http://crossmark.crossref.org/dialog/?doi=10.1007/s11748-019-01140-4&domain=pdf


630 General Thoracic and Cardiovascular Surgery (2020) 68:629–632

1 3

because we could not view the defect from the front via 
the right atrial approach. BioGlue (CryoLife, Inc., Ken-
nesaw, GA, USA) was applied to the defect between the 
two patches before final knotting. We replaced the TV with 
a 27-mm bioprosthesis. After the aortic cross-clamping 
was released, transesophageal echocardiography dem-
onstrated massive MR. Hence, cardioplegic arrest was 
induced again, and the mitral valve (MV) procedure was 
performed via a transatrial approach through the intera-
trial septum. Although we could not observe the mitral 
subvalvular apparatus well because of the small left atrium 
and the status after TV replacement, the anterior mitral 
leaflet was almost tethered to the ipsilateral annulus. We 
performed MV replacement using a 25-mm bioprosthesis 
preserving the posterior mitral leaflet. We also performed 
permanent pacemaker implantation using an epicardial 

pacing lead because of the possibility of atrioventricular 
block after surgery.

The patient was weaned from the IABP on post-operative 
day 4 (POD 4) and was extubated on POD 5. He was depend-
ent on ventricular pacing due to atrioventricular block. Post-
operative transthoracic echocardiography revealed mild 
residual shunt flow, and the patient needed diuretics to pre-
vent heart failure. However, he was stable and transferred 
to a nearby hospital for cardiac rehabilitation on POD 20.

Discussion

There has been a reduction in the incidence of post-infarc-
tion VSR because of aggressive primary PCI [1], but a few 
studies have also shown that the number of VSR opera-
tions has remained constant during the past 2 decades [7, 
8]. Anterior MI is more likely to cause apical or anterior 
septal defects, and inferior or lateral MI is more likely to 
cause basal or posterior septal defects at the junction of the 
septum and the posterior wall [1]. Although posterior VSRs 
occur less frequently than anterior VSRs, they are commonly 
associated with RV dysfunction [9]; they are also associated 
with technical difficulties in exposure and suturing because 
of their basal anatomic location and proximity to the mitral 
subvalvular apparatus. Thus, surgical repair of posterior 
VSRs is very challenging [1, 2].

Post-infarction VSRs are almost always hidden by RV tra-
beculations coupled with the chordae and papillary muscles 
of the TV. Thus, VSRs can be difficult to expose and repair 
via the right atrial approach, and many surgeons prefer left 
ventriculotomy through the infarction to access the VSR, as 
it allows the most direct view of the defects, and infarctec-
tomy or aneurysmectomy can be more easily performed if 
needed. Furthermore, the placement of the patch on the right 

Fig. 1  Pre-operative transthoracic echocardiogram showing a ventricular septal rupture with left-to-right shunt flow in the middle level (a) of the 
posterior ventricular septum (b). RV right ventricle, LV left ventricle

Fig. 2  Intra-operative finding showing a ventricular septal rupture in 
the middle level of the posterior wall underneath the commissure of 
the septal and posterior leaflets of the tricuspid valve
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side of the septum via the right atrial approach is not consid-
ered optimal because of the left-to-right pressure gradient, 
which may lead to residual shunt [10, 11].

Posterior VSRs are usually near the atrioventricular 
grove, close to the septal portion of the TV [12]. In the pre-
sent case, the defect was located at the mid-muscular portion 
rather than at the basal portion. However, we detected the 
defect easily through the right atrial approach and the expo-
sure was enhanced by tricuspid valvectomy [12, 13]. These 
are in contrast to the posterior transventricular approach, 
which requires the heart to be elevated for adequate exposure 
and may be superior in terms of preservation of ventricu-
lar function and avoidance of hemorrhagic complications 
associated with long ventriculotomy [10–13]. The transa-
trial approach may also be useful in redo surgery for VSR 
because it avoids the problems associated with dissection 
and difficulty with access to the ventricular chamber, often 
complicated by the presence of patent grafts and deteriora-
tion of cardiac function due to further ventriculotomy in an 
already compromised ventricle [14].

In this case, we repaired the VSR using the sandwich 
technique, in which two patches pinch the ventricular sep-
tum, which can ensure secure sutures with less tension 
[3–6]. Furthermore, BioGlue (CryoLife, Inc.) is expected 
to not only prevent leaks at the VSR and suture holes but 
to also strengthen the edge of the VSR by cross-linking the 
fragile necrotic myocardium [3–6]. In the present case, we 
performed extended repair because of widespread necrosis 
at the apical rim of the septal defect [4–6]. Although mild 

residual shunt was detected post-operatively, the patient’s 
condition was controlled well with diuretics. The reported 
incidence of major residual shunt using the sandwich tech-
nique varies from 0 to 17% [5, 6].

As TV replacement was needed, the transatrial approach 
trades possible TV replacement for ease of VSR repair even 
if the VSRs are near the atrioventricular grove [11–13]. 
Besides, we also had no choice but to replace the MV 
because the MR worsened after the VSR repair. Judging 
from intra-operative findings, the reason MR worsened 
after the VSR repair was likely due to having trapped the 
mitral subvalvular apparatus, resulting in its distortion when 
we placed the LV side stitches, rather than due to the pro-
gression of papillary muscle dysfunction. As we mentioned 
above, we blindly placed several LV side stitches because 
we could not view the defect from the front via the right 
atrial approach. Of course, this could be related to our lim-
ited surgical experience with VSR repair via the right atrial 
approach. In fact, the advocates of transatrial approach did 
not report such a complication [11–13]. However, with wider 
bites to ensure solid anchoring of the patch, this may happen 
more due to their proximity to the mitral subvalvular appara-
tus. Thus, if the posterior VSRs are located somewhat away 
from the basal portion or close to the apical septum, where 
the exposure is constrained and the suture line is difficult to 
place, it may be appropriate to select the LV or RV incision 
approach. Asai et al. claimed that the RV damage from the 
RV incision approach can be minimized when the incision 
is made close to the left descending artery or the posterior 

Fig. 3  Schema of the operation via the right atrial approach. Sep-
tal and posterior leaflets and the chordae of the tricuspid valve were 
excised to gain good exposure of the defect (a). The extended sand-
wich technique was employed using a bovine pericardial patch placed 
on the left ventricle (LV) side of the septum (a), combined with a 

Dacron patch placed on the right ventricle (RV) side of the septum 
(b) and Teflon felt pledgets placed on the LV and RV free wall (a, b). 
VSR ventricular septal rupture, SL septal leaflet, PL posterior leaflet, 
RA right atrium
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descending artery because of the direction of the coronary 
blood supply to the RV [4, 5].

Currently, no specific surgical method has been proven 
to improve the result of post-infarction VSR. Furthermore, 
experience in VSR repair via the right atrial approach is 
limited to a small series [10–14]. However, we believe that 
the sandwich technique via the right atrial approach could 
be an alternative for post-infarction posterior VSR, if the 
anatomy of the defect is favorable.

Recently, transcatheter repair of the VSR has been 
reported to be a definitive strategy or bridge therapy in clini-
cally debilitated patients. However, outcomes are influenced 
by the timing of treatment, similar to surgical treatment. 
Moreover, posterior or basal defects are especially challeng-
ing as they frequently lack an adequate tissue rim to secure 
the device, and the location of the adjoining TV appara-
tus (especially the septal leaflet) makes the closure of basal 
defects more difficult [1]. The use of LV mechanical support 
devices has the potential to impart hemodynamic stability 
and to delay surgical treatment until scar tissue forms around 
the defect, sufficient to hold a suture patch [15].

Conclusion

We have reported a case of an elderly patient who under-
went the extended sandwich technique via the right atrial 
approach for post-infarction posterior VSR. This method 
allows secure VSR repair without requiring the elevation 
of the heart or ventriculotomy, despite the possible need for 
TV replacement.
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