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Abstract

Amid the coronavirus disease 2019 (COVID-19) pandemic, there is an unprecedented increase in public avoidance of
hospitals predominantly driven by fear of contracting the virus. Recent publications highlight a re-emergence of rare post—
myocardial infarction complications. While mechanical complications are infrequent in the era of primary percutaneous
coronary intervention, they are associated with high mortality rates. The concurrent occurrence of mechanical complications
such as left ventricular aneurysm and ventricular septal rupture is an extremely rare entity. Ve hereby delineate a unique
case of a 53-year-old Caucasian male who underwent successful concomitant closure of a ventricular septal rupture, left
ventricular aneurysmectomy, and 3-vessel coronary artery bypass grafting. Due to a delayed initial presentation owing to
the patient’s fear of contracting COVID-19, the surgery was carried out 3 months after the myocardial infarction. His
postoperative evaluation confirmed normal contractility of the left ventricle and complete closure of the ventricular septal
rupture. Six months postoperatively, the patient continues to do well. We also present a literature review of the mechanical
complications following delayed presentation of myocardial infarction amid the COVID-19 pandemic. This article illustrates
that clinicians should remain cognizant of these extremely rare but potentially lethal collateral effects during the ongoing
global public-health challenge. Furthermore, it highlights a significant concern regarding the delay in first medical contact due
to the reluctance of patients to visit the hospital during the COVID-19 pandemic.
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Table 1. Patient Laboratory Values on Admission and During Hospitalization.

Normal

Laboratory parameters, units value range Day | Day 2 Day 3 Day 4 Day 5
Aspartate transaminase, U/L 3-40 429 255 192 139 98
Alanine aminotransferase, U/L 3-37 1329 1023 779 596 443
Lactate dehydrogenase, U/L 120-240 86 82 69 94 9l
Alanine aminotransferase/lactate dehydrogenase ratio >1.50 154 12.5 1.3 6.3 48
Total bilirubin, mg/dL 0.30-1.00 3 24 23 1.4 1.1
Creatine kinase, U/L 30-200 77 86 8l 80 96
Troponin |, ng/L 0.0-34.2 0.17 0.16 0.17 0.14 0.10
White cell count, 10%/uL 4.0-10.0 14.5 13.2 10.4 8.8 7.9
Hemoglobin, g/dL 13.0-17.0 13.8 14.1 12.6 13 12.6
Creatinine, mg/dL 0.73-1.18 I.14 0.95 0.86 0.89 0.77

the necessary percutaneous coronary intervention (PCI).!
One study from the United States showed an estimated 38%
decrease in STEMI activations during the early phase of
the pandemic.? Similarly, a 40% decline was observed in
STEMI interventions in Spain.> Global lockdowns, social
distancing guidelines, and awareness campaigns to limit
the spread of COVID-19 have resulted in a decline in timely
myocardial infarction (MI) presentations worldwide.
Several studies posit that the public fear of acquiring
COVID-19 in the hospital might indeed be responsible for
this exorbitant decline.>*

It is notable that the incidence of serious post-MI
mechanical complications has decreased remarkably over
the past few decades due to early reperfusion using primary
PCIL. In this context, the re-emergence of once-grave but now
antiquated entities such as mechanical complications after
MI during COVID-19 pandemic is perplexing.>® The resur-
gence of mechanical complications can be attributed, in part,
to delayed MI presentations resulting in a delay in revascu-
larization. We chronicle here the case of a STEMI patient
who reportedly avoided making first medical contact for
over 3 months owing to his fear of contracting COVID-19 in
the hospital. After a significantly delayed presentation, his
workup confirmed the simultaneous presence of a left ven-
tricular aneurysm (LVA) and a Becker type III ventricular
septal rupture (VSR) complicating his STEMI. In addition,
we undertake a systematic literature review of mechanical
complications associated with delayed MI presentation amid
the COVID-19 pandemic. This article highlights the need for
improved public awareness and education to seek early med-
ical care for emergent cardiovascular conditions.

lllustrative Case

Presentation

A 53-year-old obese Caucasian man presented to our medical
center with a 3-month history of worsening shortness of
breath and lower extremity edema. The patient described

associated diaphoresis but denied any chest pain or dizzi-
ness. He did not seek medical attention early due to his
apprehensions surrounding COVID-19. He denied alcohol
intake or illicit drug dependence. He was not on therapy with
any medications, denied recent hospitalization, and had not
seen his primary care doctor in the last 10 years. At presenta-
tion, he was afebrile and hemodynamically stable.

Investigations

The patient underwent extensive diagnostic workup (Table 1).
Electrocardiogram demonstrated ST-segment elevations in
the inferior leads (Figure 1). He then underwent emergent
coronary angiography, which divulged severe multi-vessel
coronary artery disease, with complete occlusion of mid-
right coronary artery (Figure 2; Supplementary Videos 1 and
2, available online). Left ventriculography revealed inferior
wall hypokinesis of left ventricle with basilar inferior seg-
ment aneurysm and mural thrombus (Figure 3; Supplementary
Video 3, available online). It also showed possible left-to-
right shunt via an interventricular septum. The procedure
was halted without PCI and the patient was admitted to
coronary care unit for cardiothoracic surgery consultation.
Transthoracic echocardiography showed mildly reduced
biventricular function (left ventricular ejection fraction: 40%
to 45%), with a basal inferior wall aneurysm and small VSR
with left-to-right shunt (Supplementary Videos 4 and 5,
available online). Cardiac magnetic resonance imaging was
recommended by cardiothoracic surgery. It showed a wide-
mouthed aneurysm in the base of the inferior wall, measur-
ing 5.2 X 5.3 X 4.4 cm with an associated mural thrombus
(Figure 4). There was a small-sized VSR in the inferior and
basal aspect of interventricular septum, causing left-to-right
shunt (Qp/Qs: 1.7; Table 2). Transmural delayed enhance-
ment, involving mid and basal inferior septum, was sugges-
tive of nonviable myocardium (Figure 5). No evidence of
mitral regurgitation was present. Coronavirus testing via
nasopharyngeal swab was negative.
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Figure |. Twelve-lead electrocardiography at presentation. A 12-lead electrocardiogram shows ST elevation in inferior leads (I, Ill, AVF)

with reciprocal ST depressions in lateral leads (I, AVL, V4-Vé).

Figure 2. Angiography of right coronary artery (RCA) in left
anterior oblique projection. It demonstrates complete occlusion
of the mid vessel with the reconstitution of distal RCA from right
to right collaterals.

Management

After multidisciplinary team discussion, cardiothoracic sur-
gery planned curative resection. The patient remained
hemodynamically stable and was started on heparin infu-
sion. He underwent an uneventful removal of mural

Figure 3. Left ventriculogram. Left ventriculogram in anterior
oblique (RAO) projection demonstrating an inferobasal wall true
aneurysm.

thrombus, aneurysmectomy, and VSR patch repair. The
step-wise approach to the aneurysmectomy procedure
is outlined in the flowchart (Figure 6). Furthermore, he
also underwent 3-vessel coronary artery bypass grafting
(CABG) for his multivessel disease. He tolerated the proce-
dures well.
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Figure 4. Cardiac magnetic resonance (CMR) imaging. CMR
imaging in sagittal view (2-chamber view) demonstrating left
ventricular true aneurysm.

Table 2. Right Heart Catheterization Measurements.

Patient
Hemodynamic parameters measurements
Aortic pressure, systolic/diastolic 139/78
(mean), mm Hg
Right ventricle pressure, systolic/ 60/27
diastolic (mean), mm Hg
Pulmonary artery pressure, systolic/ 57/31
diastolic (mean), mm Hg
Right atrium pressure, mean, mm Hg 14
Pulmonary capillary wedge pressure, 18
mean, mm Hg
Pulmonary blood flow, Qp, I/min 10
Systemic blood flow, Qs, I/min 5.9
Qp/Qs ratio 1.7

Clinical Outcome and Follow-up

His hospital course was uncomplicated. After 5 days of post-
operative monitoring, he was discharged from the hospital in
a stable condition. At the 6-month follow-up, he did not
report any chest pain or shortness of breath, and his surgical
wounds appeared well-healed. The patient continues to do
well to date.

Methods

In order to study trends of mechanical complications follow-
ing delayed presentation of acute MI amid COVID-19 pan-
demic, we conducted a systematic search of medical
databases, including MEDLINE (PubMed and Ovid),
Embase, Scopus, and Cochrane. Furthermore, we reviewed

Figure 5. Cardiac magnetic resonance (CMR) imaging. Short-
axis view of heart on CMR imaging showing ventricular septal
rupture at inferobasal left ventricle.

conference papers from major cardiology scientific meet-
ings. A comprehensive search strategy was constructed in
order to identify relevant articles, using a combination of
keywords. Search terminologies such as “mechanical com-
plications,” “acute myocardial infarction,” “STEMI,” and
“delayed presentation” were combined using the Boolean
operators “AND” and “OR” with the terms “COVID-19,”
“SARS-CoV-2,” “Coronavirus,” and “pandemic,” with all
associated permutations. English-only articles were consid-
ered, without an application of a defined time filter. Two of
the authors independently reviewed the titles and abstracts of
the articles obtained from the initial search. For the eligibil-
ity of each study, full-text versions of potentially relevant
articles were independently retrieved and reviewed by the
other 2 authors. Concerns regarding the eligibility of indi-
vidual studies were resolved after joint reassessment and
consensus. The final inclusion of an article into quantitative
analysis was based on a discussion headed by the senior
author. The descriptive data are presented as mean * stan-
dard deviation, range, or percentage, as applicable.

Results

Initial database search yielded a total of 217 articles. A vast
majority of articles were excluded as they were redundant (n
= 102), duplicate (n = 28), reported pre-COVID-19 results
(n = 19), did not describe individual patient data (n = 16), or
the language was other than English (n = 12). A total of 40
studies were accessed in the full-version form in order to
determine eligibility. It resulted in the further exclusion of
irrelevant studies (n = 19). Finally, a total of 21 articles were
identified to be pertinent with regard to the scope of this
study and were included in the final quantitative analysis.



Goraya et al

LVA was entered using a 15-blade knife

LV cavity was carefully examined and the associated mural thrombus was removed

Edge between the LVA scar tissue and viable contracting myocardial was determined

2-0 PP purse-string suture was circumferentially placed around the LVA base, at the scar and viable
myocardium junction

Purse-string suture was tied down snuggly from the inside restoring the ventricular cavity geometry

Second 2-0 PP purse-string suture was placed 4 mm distal to the first one

Endocardial patch was secured using 3-0 PP IVMS through the patch edges and then transmurally
from the endocardium to the epicardium at the purse-string suture level and tied over a felt pledget

Edges of the ventricular free wall were then approximated using 3-0 PP IMS tied over felt strip and
reinforced with a 3-0 PP continuous running suture

Figure 6. The step-wise approach to the aneurysmectomy procedure. LVA, left ventricular aneurysm; PP, polypropylene; IVMS,
interrupted vertical mattress sutures; IMS, interrupted mattress sutures.

Mechanical complications following delayed MI presen-
tations were described in a total of 26 case reports only (level
of clinical evidence: IV) in 21 selected articles included in
this study, dating from June 2020 to May 2021.7->” No gender
predominance was noted as the male-to-female ratio was
1:1). The age of patients ranged from 37 to 87 years (mean =
standard deviation = 64.12 * 53.70 years). Notably, 24
(92%) of 26 patients were over 50 years of age. This observa-
tion may facilitate enhanced suspicion of mechanical compli-
cations in elderly patients (50 years and over) admitting with
delayed MI presentations. In terms of the temporal relation-
ship between the MI occurrence and onset of aforementioned
complications, 20 (77%) of 26 patients developed symptoms
within the first week after MI. Chest pain 18 (69%), dyspnea
13 (50%), and lightheadedness 4 (15%) were among the fre-
quently encountered clinical presentations. On cardiac cath-
eterization, a variety of underlying coronary artery lesions
were identified. With regard to the detection of post-MI
mechanical complications, transthoracic echocardiography
was usually the first investigation employed to identify the
type, location, and subsequent hemodynamic sequelae. These
patients may require prompt hemodynamic stabilization,
which may necessitate a combination of medical therapy and

mechanical circulatory support such as intra-aortic balloon
pump 5 (19%), extracorporecal membrane oxygenation 2
(8%), and Impella 5.0 support 1 (4%). Surgery was performed
in 17 (63%) patients. However, the optimal timing for surgi-
cal intervention remains to be determined in this setting.
Notably, percutaneous therapeutic approaches were applied
in 7 (27%) patients, denoting them as an emerging alternative
treatment option for patients at prohibitive surgical risk. Of
26 patients for whom clinical outcomes were reported, a total
of 8 (31%) patients died, whereas 2 (8%) patients remained
under critical care. Notably, 16 (62%) patients recovered
from these serious complications. The data regarding patient
demographics, presenting symptoms, time from symptom
onset to presentation, electrocardiographic features, anatomic
findings, nature of mechanical complications, left ventricular
ejection fraction, treatment, and clinical outcomes are sum-
marized (Table 3).7-%

Discussion

Acute STEMI is an established cause of significant mortal-
ity worldwide. Early detection followed by urgent manage-
ment using PCI is effective in achieving optimal clinical
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outcomes.?® In recent times, the COVID-19 pandemic has
overwhelmed health care systems categorically, often mask-
ing the presence of other serious medical emergencies,
including cardiac pathologies.?’ As per the data from several
European nations, 25% to 40% decreased STEMI admis-
sions were noted amid the pandemic.*¥*3! A similar trend
has also been noted in the United States.*?** An international
study performed by the European Society of Cardiology
demonstrated a significant reduction of >40% in the gross
number of STEMI admissions.** Furthermore, a study from
Hong Kong revealed an increase in the total time elapsed
before the presentation of STEMI from 82.5 to 318 minutes
due to excessive wariness surrounding the pandemic.’®
Imperatively, a dilatory presentation of MI may result in
grave mechanical complications that were once considered
extremely rare.3” The present patient had no other deterrents
to seeking medical attention, except for his fear of contract-
ing COVID-19 from the hospital.

LVA is an established complication in patients with mas-
sive MI who have a delayed presentation. Currently, the inci-
dence of this complication has been significantly decreased.
As per the analysis of the National Inpatient Sample from
2000 to 2017, LVA complicated 0.2% of 11 622 528 admis-
sions for acute ML.3® It may pose a diagnostic challenge, par-
ticularly in its differentiation from a pseudoaneurysm.
Multimodality cardiac imaging is frequently required for
accurate detection, which also helps in selection of the appro-
priate treatment.*® After a significantly delayed presentation
due to COVID-19, this patient’s workup also included car-
diac magnetic resonance imaging that not only confirmed the
LVA but also helped in the assessment of the myocardial
viability. In patients with small-to-moderate size asymptom-
atic LVAs, medical therapy can be considered with an esti-
mated 5-year survival of up to 90%.%* The medical therapy
should target afterload reduction using an angiotensin-con-
verting enzyme inhibitor and anticoagulation in cases with a
thrombus within the aneurysmal sac or left ventricle or if
there is a remarkable left ventricular dysfunction. Surgical
intervention such as aneurysmectomy in conjunction with
CABG, as in this case, can be performed in LVA patients
with ventricular arrhythmic and/or pump function failure
refractory to medical and minimally invasive treatments.*!

VSR is also a serious post-MI complication, with a mor-
tality rate bordering 50%. It has become exceedingly rare in
the current era of PCI, with an incidence ranging from 0.17%
to 0.31% following STEMI.**** This patient had a Becker
type III VSR, which is predominantly caused by late presen-
tation of acute MI and is not commonly attributed to reperfu-
sion damage. This type of VSR lesions frequently occurs in
the subacute phase, 3 to 5 days following acute MI.** In this
patient, the exact timing of the VSR lesion could not be
ascertained due to his significantly delayed initial presenta-
tion. Most of these lesions, as evidenced by the present case,
occur after RCA infarction. VSRs are an established cause of
left-to-right shunting, leading to pressure and volume over-
load in the right ventricle. Transthoracic echocardiography

plays a vital role in detection, measurement of dimensions,
and impact of the VSR as well as exclusion of probable eti-
ologies. Furthermore, left ventriculography can aid in con-
firming the presence of VSR in cases with unexplained
hemodynamic instability while undergoing primary PCI. On
pulmonary artery catheterization, the Qp/Qs can be calcu-
lated using right ventricular step-up oxygen saturation.** In
terms of management, surgical patch repair is the treatment
of choice.® This patient showed excellent recovery after sur-
gical intervention.

The present case is rare and unique in multiple ways. It
has several pertinent clinical implications. First, aneurysms
in the inferoposterior wall are uncommon. Second, VSR
after MI rarely occurs in the inferior and basal portion of the
interventricular septum. Third, the concurrent presence of a
true LVA and VSR is an extremely rare clinicopathologic
entity that can be particularly serious. Fourth, our patient
presented a rare case of post-MI mechanical complications
with chronic heart failure symptoms such as worsening
shortness of breath and lower extremity edema. Fifth, this
case demonstrates the clinical effectiveness of CABG,
removal of mural thrombus, aneurysmectomy, and VSR
patch repair for a favorable outcome despite late presenta-
tion. Sixth, it highlights the fear of patients to contract
COVID-19 from hospitals that has led to reduction in hospi-
talization rates due to MI, resulting in re-emergence of life-
threatening mechanical complications.

As indicated by the results of the literature review, severe
post-MI mechanical complications are being reported across
the globe now. With regard to the public awareness of these
mechanical complications, several international organiza-
tions, such as the American Heart Association, the European
Society of Cardiology, and a number of independent clini-
cians, have written opinion pieces in print media.***’
Similarly, individual patient experiences regarding contract-
ing severe mechanical complications after acute MI con-
tinue to be broadcasted.*®* Due to the ongoing situation,
it is exceedingly important to start mass information cam-
paigns.>®>3 All possible barriers in making first medical
contact in MI patients need to be eradicated with compre-
hensive and urgent programs. The use of telemedicine has
now proved to be effective in order to improve the MI prog-
nosis and clinical outcomes during the ongoing COVID-19
pandemic.*? Telemedicine should also be further studied in
relation to the re-emergence of severe mechanical complica-
tions of MI that are missed due to delayed initial presenta-
tion. Eventually, innovative programs should be immediately
launched for prompt detection of MI and to possibly circum-
vent serious mechanical complications amid the commotion
elicited by the COVID-19 pandemic.

Learning Objectives

e While acute MI presentations have considerably
decreased during COVID-19 pandemic, delayed PCI
presents a therapeutic dilemma after re-emergence
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of anachronistic post-MI complications. Clinicians
should remain cognizant of rare mechanical compli-
cations, including simultaneous LVA and VSR in
patients with delayed presentation of acute MI in
order to institute prompt and appropriate treatment.

e The COVID-19 pandemic and patients avoiding
hospitals are causing detrimental effects in late pre-
sentation of acute MI, and leading to the resurging
of catastrophic mechanical complications.

e [t is imperative to start educating the community
about the formidable clinical value of making the first
contact early in individuals with any concerning
symptoms and signs despite the fear of acquiring
COVID-19.
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