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INTRODUCTION

Postinfarction ventricular septal rupture (PI-VSR) often presents as
cardiogenic shock with newly formed left-to-right communication.
In such cases, mechanical circulatory support can provide hemody-
namic stabilization during the perioperative period.1,2

Many studies have been conducted on the efficacy of percutaneous
circulatory support (pCS) devices.3-5 For example, Impella (Abiomed,
Danvers, MA, USA) is a novel transaortic suction device designed to
unload the left ventricle (LV) and increase antegrade flow to facilitate
systemic blood supply. However, the use of pCS devices may lead to
right-to-left shunting, resulting in systemic desaturation.1,6,7 Therefore,
clinicians must remain alert about hidden shunts.

Here, we report a case where an undiagnosed ventricular septal
defect (VSD) was found during PI-VSR closure with a pCS device.
This case highlights the importance of echocardiography to exclude
multiple shunts.

CASE PRESENTATION

An 80-year-old womanwith no significantmedical history presented to
a community hospital with a chief complaint of a 3-day history of dys-
pnea. The patient was in good health and had never been to a hospital
or undergone physical examination before. Chest x-ray revealed cardi-
omegaly and pulmonary atelectasis along with bilateral pleural effusion
and pulmonary congestion (Figure 1A). Electrocardiography revealed
V1 to V4 ST-segment elevations with q-waves, consistent with a late
presentation ofmyocardial infarction (MI; Figure 1B). Troponin and cre-
atine kinase levels were slightly elevated. Physical examination revealed
a systolic murmur best heard at the apex. Transthoracic echocardiogra-
phy (TTE) revealed a PI-VSR at the apex with an aneurysm and thin-
ning, presenting with left-to-right shunting. Left ventricular (LV)
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systolic function was preserved, with an LV ejection fraction of 79%.
Despite normal global LV systolic function, there was abnormal regional
motion of the basal and midanteroseptum, midinferoseptum, and api-
cal septum. Doppler evaluation of the tricuspid valve indicated a
maximum velocity of 3.7 m/sec and an estimated right ventricular
pressure of 65 mm Hg.

The patient was subsequently transferred to our hospital for
surgery. The blood pressure was 90/58 mm Hg, and SpO2 was
95% with 5 L of mask oxygen. Coronary angiography showed 99%
occlusion of the proximal left anterior descending artery, which was
not treated because of subacute MI. A pCS device was inserted as a
bridge to surgery in an effort to stabilize cardiogenic shock. A second
TTE from the apical 4-chamber view showed a septal aneurysm pro-
truding into the right ventricle, along with a small defect in the thin
septum of the aneurysm. Color-flowDoppler evaluation from the api-
cal view showed left-to-right shunting from the defect, whereas that
from the subcostal view showed left-to-right shunting through a thick
ventricular septum (Figure 2; Videos 1-3). General anesthesia
was induced, and transesophageal echocardiography (TEE) was
performed. Intraoperative color-flow Doppler evaluation revealed a
VSD with left-to-right shunting (Figure 3, Video 4). A cardiopulmo-
nary bypass (CPB) was established, and the LV apex was found to
be reddish black. Left ventriculotomy was performed, and the small
apical defect with the aneurysm was closed directly. The necrotic tis-
sue around the PI-VSRwas soft, fragile, and showed ischemic changes.
Upon separation from the CPB and temporary discontinuation of
pCS, color-flow Doppler evaluation of the ventricular septum re-
vealed a defect with left-to-right shunting (Figure 4, Video 5) accom-
panied by a palpable shunt flow and persistently high pulmonary
arterial pressure. As a residual shunt was suspected, cardiac arrest
was induced again to inspect the suture site. Although the site was
found to be tightly stitched, a second defect was identified in the
mid-to-apical anteroseptum. The second defect was located anteriorly
to the first and wasmore distant from the apex. Intraoperative findings
showed that the ventricular septum around the second defect was not
fragile and revealed no ischemic changes. The second defect was sur-
rounded by healthy myocardial tissue of the ventricular septum,
which was clearly different from the tissue around the first defect
(Figure 5). Thereafter, the second defect was also directly closed.
Subsequent color-flow Doppler evaluation of the ventricle revealed
no left-to-right shunting.

DISCUSSION

Here we report a rare case wherein we detected an undiagnosed VSD
hidden behind a PI-VSR; TEE was helpful in diagnosing this VSD.
509

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.case.2024.06.001&domain=pdf
mailto:inouem@belle.shiga-med.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.case.2024.06.001


VIDEO HIGHLIGHTS

Video 1: Two-dimensional TTE, apical 4-chamber view with

color-flow Doppler, demonstrates a middistal septal aneurysm

protruding into the RVwith a left-to-right shunt from the PI-VSR

located within the aneurysm.

Video 2: Two-dimensional TTE, apical 3-chamber view with

color-flow Doppler, demonstrates the PI-VSR; aortic regurgita-

tion is also demonstrated.

Video 3: Two-dimensional TTE, subcostal 4-chamber view

with color-flow Doppler, demonstrates the VSD located within

the thick ventricular septum (initially misinterpreted as the same

shunt originating from the PI-VSR).

Video 4: Two-dimensional TEE, midesophageal long-axis

(125�) view with color-flow Doppler, demonstrates a VSD with

left-to-right shunting through the thick anteroseptal wall (initially

misinterpreted as the same shunt originating from the PI-VSR);

aortic regurgitation is also demonstrated.

Video 5: Two-dimensional TEE, deep transgastric 4-chamber

(0�) view with color-flow Doppler, demonstrates the VSD with

left-to-right shunting.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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In the current era of coronary revascularization, PI-VSR has emerged
as a rare complication ofMI.1 Undiagnosed VSDs are also uncommon
in adults.8 Previous case reports have highlighted cases where clini-
cians mistakenly identified VSD as PI-VSR and vice versa.9,10

However, our case is unique because of the simultaneous presence
of PI-VSR and VSD. In some cases, multiple VSRs may occur after
MI. Sometimes, multiple muscular VSDs also occur simultaneously.
However, in our case, intraoperative findings revealed that the
PI-VSR was situated in the septal apical region, while the muscular
VSD was located in the midanteroseptal region, 20 mm apart. The
PI-VSR was situated in the pseudoaneurysm, while the VSD was
located in the muscular tissue, suggesting that they were distinct
defects. Careful retrospective examination of the preoperative imag-
ing findings revealed that TTE from a different angle could have
Figure 1 (A) Chest x-ray obtained at presentation, posteroanterior d
monary congestion, and bilateral pleural effusion. (B) Twelve-lead ele
with anteroseptal ST-segment elevation and associated q-waves.
demonstrated evidence of 2 separate defects. However, the 2 defects
were considered to be the same defect according to preoperative
echocardiography until the second cardiac arrest was performed.

Transesophageal echocardiography played a notable role in diag-
nosing the VSD. After the initial CPB, intraoperative TEE revealed
an undiagnosed shunt, which influenced the decision regarding oper-
ative management. The detection of an additional shunt based on
TEE findings prompted the decision to implement CPB again.
Contrary to our expectations, a VSD was initially misidentified as a
PI-VSR before initial CPB. Two factors may have contributed to the
intraoperative misidentification of a VSD as a PI-VSR using TEE.
First, in this case, the defect’s small size and location at the extreme
apex of the ventricular septum made it challenging to identify a PI-
VSR using TEE. Second, because the left anterior descending artery
generally perfuses the midanteroseptal region, a defect in this region
would be anatomically associated with the presence of a PI-VSR.
Therefore, when we found a defect in the midanteroseptal region,
we considered it to be a PI-VSR. We jumped to conclusions based
on a single-view image taken from a single angle. We did not consider
the possibility of a second shunt, which led us to discontinue further
investigation. Thus, our study demonstrates that clinicians should
continue to assess the entire septum in detail even after detecting a
defect, because the PI-VSR may be serpentine and complex with
more than a single shunt. The ventricular septum should be observed
from multiple angles and views.

Assessing a shunt when weaning from CPB is difficult because
many factors, such as the use of inotropes, CPBs, assist devices, and
sedative drugs, affect shunt blood flow. This assessment becomes
even more challenging when pCS is involved in PI-VSR management.
This is because, while weaning from CPB, in addition to the dramatic
changes of the endocardial pressure, pCS reduces the interventricular
pressure gradient,2 potentially leading to the oversight or underesti-
mation of the shunt. Decreased interventricular gradient is beneficial
for perioperative PI-VSR management; however, it makes color-flow
Doppler evaluation difficult for all echocardiographers. Taken
together, temporary discontinuation of pCS during weaning from
CPB should be recommended. It is advisable to perform repeated co-
lor-flow Doppler evaluation subsequently to identify hidden shunts,
including residual and other shunts. Palpable shunt flow, persistently
high pulmonary artery pressure, and increased oxygen saturation pro-
vide diagnostic clues for hidden shunts.

Our case demonstrated that multiangle, multiview, and multi-
modal echocardiography can successfully overcome these challenges
isplay, demonstrates cardiomegaly, pulmonary atelectasis, pul-
ctrocardiogram at presentation demonstrates sinus tachycardia

http://www.cvcasejournal.com


Figure 3 Two-dimensional TEE,midesophageal long-axis (125�)
systolic view, demonstrates a VSD with left-to-right shunting
through the thick anteroseptal wall. This defect was initially
considered to be the same PI-VSR identified earlier in the
exam (yellow arrow). RV, Right ventricle.

Figure 4 Two-dimensional TEE, deep transgastric 4-chamber
(0�) systolic view with color-flow Doppler, demonstrates the
VSD with left-to-right shunting (yellow arrow). RV, Right
ventricle.

Figure 2 Two-dimensional TTE, apical (top) and subcostal (bottom) 4-chamber views without (left) and with (right) color-flow Doppler,
demonstrates a mid-distal septal aneurysm protruding into the RV with a left-to-right shunt from the PI-VSR (top) located within the
aneurysm and the VSD (bottom) located within the thick ventricular septum. RV, Right ventricle.
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Figure 5 (A) Intraoperative surgical view demonstrates a muscular VSD located anteriorly in the mid-to-apical anteroseptum and the
separate PI-VSR, which is tightly stitched (indicating a successful appearing surgical patch repair). The VSD demonstrates a commu-
nication through healthy appearing, normal myocardium without ischemic changes. (B) Schematic diagram demonstrates the simulta-
neous presence of PI-VSR and muscular VSD located 20 mm apart with the PI-VSR located within the aneurysm and the VSD located
within the muscular septum. The infarcted myocardium is demonstrated as being darker than the noninfarcted myocardial tissue.
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during the perioperative period. It is important to understand the
strengths of echocardiography and choose the most appropriate
approach based on the specific situation.

One strength is that multiangle and multiview echocardiography
provides valuable additional information. Upon careful retrospective
review of the patient’s preoperative imaging studies, the apical 4-
and 3-chamber views showed the PI-VSR but not the VSD, whereas
the subcostal view showed the VSD but not the PI-VSR. The two-
dimensional image obtained through TTE is a slice through the
three-dimensional heart, viewed as a cross-sectional image.
Therefore, a single view may not capture all defects. To overcome
this limitation, a combination of apical 4- and 3-chamber views
and subcostal views should be employed. Moreover, color-flow
Doppler imaging should be performed because it exhibits highly sen-
sitive shunt flow detection and facilitates the assessment of shunt
magnitude and direction. Finally, it would be worthwhile to
encourage careful sweeps through the entire ventricular septum us-
ing both two-dimensional and color-flow Doppler imaging from
multiple angles. Clinicians must try to track the entire septum
without any gaps. These techniques may be helpful in identifying
dual defects.

Second, multimodal echocardiography is effective. The apical view
on TTE serves as an ideal window for detecting apical rupture. This
view offers distinct advantages over TEE, because the proximity of
the apex is sufficient to provide high-resolution images. Extremely api-
cal rupture may be difficult to identify using TEE,11 given the distance
of the probe from the apex. However, TTE is difficult to perform intra-
operatively; therefore, epicardial echocardiography may be consid-
ered as an alternative for assessing the apex region.

CONCLUSION

We found an undiagnosed VSD hidden behind a PI-VSR in this case
wherein echocardiography played a crucial role throughout the pa-
tient’s treatment course. Multiangle, multiview, and multimodal echo-
cardiography may help clinicians evaluate multiple shunts better.
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