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Case Report

Multimodality Imaging and Multidisciplinary Approach to
Post—Myocardial Infarct Ventricular Septal Defect
Management
Max Puthenpura, MD, Joseph Kassab, MD, Joanna Ghobrial, MD, Aaron Weiss, MD,
Serge C. Harb, MD, and Rohit Moudgil, MD

Heart, Vascular and Thoracic Institute, Cleveland Clinic Foundation, Cleveland, Ohio, USA

Interventricular septal rupture is a critical complication of
acute myocardial infarction MD." It almost always has
symptoms, from exertional dyspnea to severe cardiogenic
shock.” Predictors of worse outcomes include female
gender, advanced age, hemodynamic compromise, and
delayed management.' Although surgical repair remains
the gold standard for treatment, it is still associated with a
high mortality rate.” This case describes a patient who
presented with an asymptomatic post-anterior MI ven-
tricular septal defect (VSD) whose treatment was guided
by advanced imaging and 3D remodelling modalities.

Case Presentation

A 71-year-old woman with a history of hypertension and
rheumatoid arthritis initially presented to an outside hospital
for indigestion and heartburn that had started earlier that
morning. Chest X-ray and abdominal exam were grossly
unremarkable. A same-day electrocardiogram showed
concern for an ST-elevation myocardial infarction (STEMI)
in the anterolateral leads (Supplemental Fig. S1). Troponin
levels geaked to 11,252.80 pg/mL2 (normal: 10.10-27.10
pg/mL?). The patient underwent catheterization, which
demonstrated a near-complete stenosis estimated at 99% of
the mid-left anterior descending (LAD) coronary artery. She
was treated with balloon angioplasty and placement of a
drug-eluting stent (Supplemental Fig. S2). She recovered
and remained stable. However, next-day follow-up trans-
thoracic echocardiography (TTE) demonstrated a post-MI
VSD distal to the anteroseptal area with left-to-right
shunting. She was asymptomatic, without any shortness of
breath or chest pain. She was subsequently referred to the
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Cleveland Clinic for further management and presented
there 4 days after her initial MI.

Upon admission, the patient’s vital signs were stable,
demonstrating a blood pressure of 116/73 mm Hg, pulse of
76 beats per minute, temperature of 36.3°C, and an oxygen
saturation of 99% on room air at 18 respirations per minute.
Her admission labs of complete blood counts, complete
metabolic panel, and magnesium levels demonstrated hypo-
natremia to 131 mmol/L and albumin to 3.6 g/dL, with all
other values within normal limits. Physical exam demon-
strated a 3/6 holosystolic murmur on the left lower sternal
border, clear lungs to auscultation bilaterally, no leg edema,
palpable peripheral pulses, and generally no acute distress.

Differential diagnosis

This atypical presentation of a VSD was most likely related
to the recent MI. Other possibilities, such as a congenital
cause, mitral regurgitation due to recent ischemia, as well as
contained free wall rupture were less-likely differentials.

Investigation

Inital cardiac workup started with an admission electro-
cardiogram illustrating normal sinus rhythm with right axis
deviation (Supplemental Fig. S3). TTE (Fig. 1; Video 1 &2,
view video online) demonstrated the known apical VSD of 0.8
cm. The estimated ratio of total pulmonary blood flow to total
systemic blood flow (Qp/Qs) was 1.41, consistent with the left-
to-right shunting. Left ventricle thickness and systolic function
were normal, with an ejection fraction of 59%. However, grade
1 left ventricular diastolic dysfunction along with left atrial
dilation were identified. A mild pericardial effusion was noted
in the parasternal long-axis view (Fig. 1). Right heart cathe-
terization later showed preserved cardiac index by thermodi-
lution of 3.48 L/min per m* pulmonary capillary wedge
pressure of 20 mm Hg, right atrial pressure of 12 mm Hg, and
mean pulmonary arterial pressure of 32 mm Hg. An O,
saturation step up was noted from right atrial (RA) to right
ventricular (RV; RA 66%, RV 89%, pulmonary arterial [PA]

2589-790X/© 2023 The Authors. Published by Elsevier Inc. on behalf of the Canadian Cardiovascular Society. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.cjco.2023.09.004
https://doi.org/10.1016/j.cjco.2023.09.004
mailto:moudgir@ccf.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjco.2023.09.004&domain=pdf
https://doi.org/10.1016/j.cjco.2023.09.004
http://creativecommons.org/licenses/by-nc-nd/4.0/

Puthenpura et al.
Post-MI VSD Management

Novel Teaching Points

1. Maintaining a high index of suspicion for post MI-VSD
in patients with the described risk factors (age, female,
hypertension, nonsmoker, anterior MI, subtotal occlu-
sion) is crucial, as this condition can sometimes be
asymptomatic, and lack of treatment is associated with
extremely high rates of mortality.

2. In hemodynamically stable patients, multimodality
cardiac imaging can help operators better visualize and
understand complicated VSD anatomy and plan the
optimal intervention in advance

78%, pulmonary capillary wedge pressure 96%), consistent
with the diagnosis of post MI VSD. An injected 4D cardiac
computed tomography (CT) scan with multiplanar recon-
struction was done to further visualize anatomy (Fig. 2). The
scan demonstrated a left apical ventricular septal defect with a
large (3.1 x 1.7 cm in systole; 3.9 cm” area and 2.6 x 1.02 cm
in diastole, 2.07 cm? area) opening on the left ventricular side
of the septum, multiple apical RV muscle bundles partially
occluding the defect with a small communication into the
apical RV space (1.0 x 0.7 cm). Both ventricles were normal in
size. 3D printing of the defect using segmentation, software
planning, and a Stratasys ]750 multi-material polyjet technol-
ogy 3D printer (Stratasys Eden, Prairie, MN) were done to
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clarify the anatomy of the defect (Fig. 2F; Video 2 "2, view

video online).

Management

The management team involved structural and interven-
tional cardiology, cardiac surgery, advanced imaging, and the
primary cardiology team. A transcatheter closure (TCC) was
initially considered. However, due to the apical nature and
size of the defect, the determination was made that the
percutaneous device would not tether well to the myocardial
wall around the apical defect. This issue was illustrated
succinctly in the 3D modelling that helped illustrate the
complexity of the orifice and aided in planning for the pro-
cedure. Features of the defect included pulmonary hyper-
tension and a high orifice area not amenable to transcatheter
tethering. Thus, the patient was recommended for surgical
management, including VSD repair and a coronary artery
bypass graft with saphenous vein graft (SVG) to the LAD.
The coronary artery bypass graft was deemed necessary due
to complex vessel coronary artery disease even after percu-
taneous coronary intervention. The SVG was chosen instead
of a left interior mammary artery graft, owing to concern for
competitive flow from the high flow rate of the left interior
mammary artery graft and the still-patent LAD. The inter-
vention was carried out 14 days after the MI. Procedural
guidance with 3D transesophageal echocardiography with
multiplanar reconstruction highlighted the oval-shaped
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Figure 1. Transthoracic echocardiogram. (A) Parasternal long-axis view showing the ventricular septal defect (VSD) of interest (red arrow). (B) Left-
to-right shunting illustrated with color Doppler flow (red arrow). (C) Parasternal short-axis view of the VSD (red arrow). (D) A 4-chamber view showing

another angle of the VSD (red arrow).
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Area: 2.07 cm?
Avg. Diameter: 16.3 mm
Perimeter: 61.4 mm
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Figure 2. Four-dimensional (4D) cardiac computed tomography image with multiplanar reconstruction (MPR) and 3D printing. (A) A preoperative
long-axis MPR of the ventricular septal defect (VSD; blue arrow). (B) A preoperative short-axis MPR of the VSD (blue arrow). (C) A preoperative long-
axis 3D rendering of the VSD (blue arrow). (D) A preoperative short-axis 3D rendering of the VSD (blue arrow). (E) A 2D preoperative computed
tomography image of the VSD (blue arrow). (F) A 3D-printed model of the VSD with left ventricular (LV) window (blue arrow; wire indicating VSD tract).

IVS, intact ventricular septum.

anterior-apical VSD. Estimated measurements were 3.76 X
1.65 cm, with an area of 3.81 cm?, with the larger orifice on
the left side of the defect, consistent with pre-procedural
cardiac CT imaging (Supplemental Fig. S4; Video 3 Y2,
view video online). After sternotomy, the defect first was
assessed through the tricuspid valve, but its location was too
deep to safely suture. Therefore, a right ventriculotomy was
done, with closure of the VSD using 3 interrupted pledgeted
sutures. The SVG-to-LAD bypass was then performed, with
trivial residual flow on transesophageal echocardiography.
The patient was later extubated the same day without
complications.

The patient was discharged and was seen a month later
for follow-up. She had no complaints and was recovering
well. However, a small residual apical VSD with trivial left-
to-right shunting and mild pulmonary hypertension
(RV systolic pressure 41 mm Hg) were denoted on follow-up
TTE (Supplemental Fig. S5). Given the lack of concerning
symptoms during the follow-up visit, with stable
residual defect size, interval imaging was deemed appropriate
for management and she was advised to follow up in 6
months.

Discussion

This case illustrates an unusual presentation of a rare post-
MI complication. Mechanical complications of acute MI
occur in about 3 per 1000 patients, with most of these events
occurring with ST-elevation myocardial infarction.' Patients
developing this condition are more likely to be female, of older
age, suffering from an anterior MI, with high blood pressure,
and nonsmokers.” Furthermore, the risk is increased with
complete occlusion of the infarct-related artery.” Notably, this
patient had almost all of these risk factors. Patients with post-
MI VSD are typically symptomatic, with symptoms ranging
from exertional dyspnea to severe cardiogenic shock.” In
contrast, this patient presented with an asymptomatic systolic
murmur and excellent hemodynamics. In addition, she did not
demonstrate expected symptoms, such as dyspnea from pul-
monary edema, chest pain from coronary malperfusion, or
hemodynamic compromise from her VSD. This lack of
symptoms could be due to her preserved ejection fraction on
presentation, and the degree of intracardiac shunting not being
strong enough to decompensate her hemodynamics. Having
her inidal coronary event addressed likely resolved the
myocardial irritation that caused her initial indigestion.
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Although VSD is rare, a high index of suspicion for VSD
should be kept in patients presenting with risk factors.

Imaging modalities play a central role in management.
Although diagnosis is usually established by TTE, this patient
had a 4D cardiac CT scan with multiplanar reconstruction,
and a 3D-printed reconstruction of her VSD that helped the
team decide on surgery. Aside from guiding management,
advanced imaging helped delineate the true anatomy of the
defect. 2D-TTE measured the defect at 0.8 cm, and high-
definition 4D CT and 3D printing demonstrated an average
diameter of 1.6 c¢m in diastole (Fig. 2). This large incongru-
ence is likely explained by the ellipsoid shape, which may have
been measured off axis by initial imaging. Understanding the
extent of the defect helped in the decision to use surgical
intervention rather than TCC.

In atypical presentations and stable patients, advanced
imaging demonstrates a unique role in defining the treatment
course. Other modalities, such as 3D TTE, could have been
used for further evaluation. However, the added utility was
limited given that the initial TTE assessment with follow-up
advanced imaging and 3D printing offered enough informa-
tion for management. Cardiac magnetic resonance imaging
could have been utilized to better assess the infarct area and
reevaluate the shunt fraction for more comprehensive man-
agement. However, much of the myocardium likely had
completed infarction, and precisely defining this territory was
not critical for management of the case. In light of pursued
comprehensive investigations, the decision was made not to
obtain cardiac magnetic resonance imaging.

Without repair, the post—MI VSD mortality rate is as high as
90% within 2 months.” Therefore, diagnosis should prompt
expedited discussion and intervention. Studies have shown
lower mortality rates in patients who underwent repair several
weeks after MI, compared to those who received eatlier man-
agement. This difference could be due to the infarcted
myocardium being weak inidally after MI. Early intervention
could predispose the heart to recurrent VSD. Delaying the
procedure allows the friable tissue to orgamze and differentiate
itself from the surrounding healthy tissue.” However, selection
bias in surgical outcomes may be present, as patients with
preserved left ventncular function are chosen as low-risk sur-
gical candidates.” Nevertheless, repair should happen, as un-
treated patients might progress to decompensated heart failure
and multiorgan failure.”” The timing of surgery in the context
of post-MI VSD should be individualized. In this patient, the
repair was performed 14 days after the diagnosis of MI. This
timing allowed for an adequate clopidogrel washout and suf-
ficient tissue maturation. In tandem, we aimed to avoid risking
sudden hemodynamic compromise, which can happen in pa-
tients who present as hemodynamically stable.”

Increasing evidence supports the use of percutaneous
TCC, especially in critically ill patients or those suffering
from multiple comorbidities. This approach also can provide
early hemodynamic stabilization, allowing for tissue healing
prior to surgical closure. TCC can definitively treat hemo-
dynamically stable patients who have anatomically suitable
defects (ie, defect size < 15 mm), and subacute to chronic
post-MI VSD (> 3.5 weeks).” In this case, given the sub-
optimal anatomy (ellipsoid shape), size (> 15 mm), and
location (apical) of the defect, surgical management was
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deemed superior to percutaneous closure. This decision was
made possible with the advanced imaging modalities
employed in the management of the case.

Conclusion

This atypical case reinforces the importance of standardized
follow-up imaging in post-MI patients. The imaging and 3D
printing of the complex anatomy of the defect illustrates how
advanced cardiac imaging helps guide decisions in choosing
appropriately between TCC and surgical management.
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