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It is not Always the Elephant in the Room
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Abstract

A 67-year-old man with known coronary artery disease was rescued after an out-of-hospital car-
diac arrest due to ventricular fibrillation (VF) and admitted to the catheterization laboratory with
inferior ST-segment elevation, right bundle branch block and atrial fibrillation on the electrocardi-
ogram. The patient had had an elective percutaneous coronary intervention (PCI) with implanta-
tion of a bare metal stent to the dominant mid left circumflex artery three years before and a sec-
ond PCI with implantation of a drug-eluting stent to the proximal/mid left anterior descending
artery at another local institution three months earlier. The prescribed dual antiplatelet therapy was
interrupted by the patient right after discharge. Therefore, a stent thrombosis was initially deemed
the most probable cause of his clinical presentation (the elephant in the room). Nevertheless, the
coronary angiography showed patent stents and the left ventriculography revealed a normal left
ventricular function. After excluding aortic dissection and pulmonary embolism, cardiac magnetic
resonance imaging showed signs of acute isolated right ventricular myocardial infarction. Upon
review of previous angiograms, a small occluded right ventricular branch appeared to be the le-
sion that triggered the VF.

Keywords: Cardiac MRI; coronary angiography; MINOCA; out-of-hospital cardiac arrest; right
ventricular myocardial infarction; ventricular fibrillation

Background

Isolated right ventricular myocardial infarc-
tion (iRVMI) is a rare condition and can be
potentially overlooked [1]. The prognosis of
such an event can be poor, irrespective of the
involvement of the left ventricle (LV), poten-
tially leading to lethal arrhythmic and me-
chanical complications. This report describes
the rare case of an iRVMI due to an acute ostial
occlusion of a small right ventricular branch
(RVB), which triggered an out-of-hospital car-
diac arrest (OHCA).

Case Presentation

A 67-year-old man alarmed the emergency
medical service (EMS) after complaining of
sudden chest pain at night. The patient had a
history of coronary artery disease and peri-
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pheral artery disease besides hypercholester-
olemia, obesity, and longtime smoking. More-
over, the patient was on antidepressant
(venlafaxine) and antipsychotic (quetiapine)
treatment for a bipolar affective disorder.
Three months earlier, he had an elective

percutaneous coronary intervention (PCI)
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with a drug-eluting stent (DES; Xience Xpedi-
tion® 3.0/48) implanted to the proximal/mid
left anterior descending artery (LAD). Three
years before that, he had had another elective
PCI with the implantation of a bare metal stent
(BMS) to the dominant mid left circumflex ar-
tery (LCX), both done in other local hospitals.

The dual antiplatelet therapy (DAPT) with
aspirin 100 mg o.d. and clopidogrel 75 mg o.d.
was prematurely discontinued by the patient
early after his last PCL

Upon arrival, the rescuers witnessed the
patients collapse. In absence of a palpable
pulse a cardiopulmonary resuscitation (CPR)
was initiated. On the monitor a ventricular fi-
brillation (VF) was detected (fig. 1). A first de-
fibrillation reestablished a return to spontane-
ous circulation (ROSC) within a few minutes.
The electrocardiogram (ECG) revealed a rapid
atrial fibrillation (AF) with right bundle
branch block (RBBB) and ST-segment eleva-
tion in the inferior leads (fig. 2). The patient
experienced another VF requiring a second
and a third defibrillation. The EMS was able to
achieve a ROSC with hemodynamic stability
and restoration of consciousness with a Glas-
gow Coma Scale of 14.

Once admitted to the catheter laboratory,
an emergency coronary angiogram was per-
formed.

Figure 1: Ventricular fibrillation and defibrillation on monitor.
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Figure 2: 12-lead electrocardiogram after defibrillation showing a new onset of fast atrial fibrillation with incomplete right bundle branch block and
ST-segment elevation in inferior and anterior leads.

At the time of admission, the images and
reports from the previous coronary interven-
tions were not available for comparison.

Despite the premature discontinuation of
DAPT, the DES in the proximal/mid LAD and
the BMS in the dominant LCX were both
patent. The right coronary artery (RCA) was
non-dominant, diffusely sclerotic and per-
fused to the distal periphery. The left ventricu-
lography (LVG) showed a normal left ven-
tricular function without regional wall motion
abnormalities (RWMA) (fig. 3).

At this moment, a spontaneous coronary
dissection was considered to be one of the
plausible causes for a transient vessel occlusion
resulting in VE. Therefore, intracoronary im-
aging was not performed as the risk of compli-
cations, such as the propagation of a dissected
intimal flap, was deemed to be too high.

An acute type A aortic dissection was con-
sidered improbable due to the lack of typical
signs on the aortic root angiography, like inti-
mal flap, aortic ectasia or regurgitation. The
blood tests showed a normal renal function,
normal hemoglobin levels as well as negative
inflammatory parameters. There was a rele-
vant rise and fall of the cardiac biomarkers, so
the working diagnosis of myocardial infarction
with non-obstructive coronary arteries (MI-
NOCA) was made. Because of the normal
LVG, etiologies like Takotsubo syndrome or a
myocarditis were considered improbable.
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Given the clinically severe presentation,
the recent history of PCI and DAPT malcom-
pliance, a transient stent thrombosis with
spontaneous recanalization after CPR and
Heparin was considered as the most plausible
cause of the OHCA, as the elephant in the
room. The patient was subsequently moni-
tored at the intermediate care unit.

A transthoracic echocardiography (TTE)
confirmed a normal left ventricular function
without RWMA or relevant valvular disease.
Nevertheless, the TTE showed a dilated right
ventricle (RV) with a hypokinetic free wall. A
computer tomography (CT) of the pulmonary
arteries ruled out a pulmonary embolism (PE).

On the third day of admission, cardiac
magnetic resonance imaging (CMR) was per-
formed and revealed an isolated transmural
scar of the right ventricular free wall with sur-
rounding myocardial edema on T2-weighted
images. Accordingly, the diagnosis of iRVMI
was established (fig. 4).

Retrospectively, upon review and compar-
ison of previous angiograms from other hospi-
tals, we could identify a blunt ostial occlusion
of one small RVB of the RCA (fig. 5), which
matched both with the clinical presentation
and the CMR findings.

Treatment, Outcome and Follow-up
Considering 72 hours had passed after the
acute RVB occlusion with already regressive

cardiac biomarker and an asymptomatic pa-
tient, no percutaneous revascularization of the
small branch was performed.

According to DAPT Guideline in the set-
ting of a conservative treated acute coronary
syndrome (ACS) with indication for anti-
coagulation by AF [2], a triple anticoagulation
therapy with aspirin 100 mg o.d., clopidogrel
75 mg o.d. and rivaroxaban 15 mg o.d. was es-
tablished.

Guideline-directed therapy with a beta
blocker and an angiotensin-converting en-
zyme inhibitor was also started [3].

The patient was referred to cardiac rehabil-
itation and made a good recovery.

After one month, the triple therapy was
de-escalated to clopidogrel 75 mg and rivarox-
aban 20 mg daily. At six month follow-up, the
patient presented a good LV function, a resid-
ual poor RV function and a mild physical
impairment due to pulmonary limitation on
the cardiopulmonary exercise test. In persis-
tent AF, electrical cardioversion reestablished a
sinus rhythm with clinical improvement.

Differential Diagnosis and Investiga-

tion

The list of the possible clinical conditions that

may trigger a VF is very heterogeneous:

1. Acute coronary syndrome

2. Myocardial infarction with non-obstruc-
tive coronary arteries (MINOCA)

See: http://emh.ch/en/services/permissions.html



208

2023;26(6):206-210 | Cardiovasc Med

Case Report

Myocarditis
Takotsubo syndrome
Cardiomyopathies
Primary arrhythmias

NN W

Extra cardiac disorders:

a. Aortic dissection with coronary exten-
sion

b. Pulmonary embolism

c. Sepsis

Acute Coronary Syndrome

One of the most common causes of OHCA
due to VF in adults is an ACS. According to
international guidelines [3], in the presence of
ST-segment elevation in the 12-lead ECG after
ROSC, a coronary angiography has to be per-
formed as soon as possible. The coronary an-
giogram in our case showed that both stents in
the LAD and LCX were patent. The non-dom-
inant RCA was diffusely but moderately dis-
eased (fig. 3). At admission, the previous an-
giograms were not available for comparison,
which made the diagnosis of iRVMI challeng-
ing. Due to the discontinuation of antiplatelet
therapy, a transient late stent thrombosis was
initially considered a possible cause.

The Academic Research Consortium-1
(ARC-1) classifies a stent thrombosis as defi-
nite, probable, and possible. The thrombosis is
definite if confirmed on angiography or autop-
sy. In the presence of a documented acute is-
chemia in the territory of the implanted stent
without angiographic confirmation, the stent
thrombosis is defined as probable. In case of
any unexplained death after the index proce-
dure, the stent thrombosis is classified proba-
ble if the death happens within 30 days and
possible afterwards. According to the ARC-1
definition of standardized endpoints for coro-
nary intervention, if our patient would have
died, a possible stent thrombosis would have
been adjudicated as cause of death [4]. In other
words, according to the ARC-1 criteria, our
patient would have been misclassified as hav-
ing a late stent thrombosis. Instead, in our case
it was not the elephant in the room.

This risk of thrombosis overestimation is
indeed considered in the updated ARC-2 clas-
sification of stent thrombosis. Here, an unex-
plained death within 30 days is no longer rec-
ommended as a criterion for probable stent
thrombosis and the category of possible stent
thrombosis was removed altogether [5].

MINOCA, Takotsubo Syndrome,
Myocarditis, and Cardiomyopathies

The working diagnosis of MINOCA is defined
by an ACS without evidence of epicardial ob-
structive coronary arteries (i.e., no coronary
artery stenosis 250%) [6]. The term MINOCA
refers to a group of heterogeneous causes for
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troponin elevation providing a framework for
further diagnostic investigation. The definition
implies the exclusion of evident alternative di-
agnosis, such as PE, sepsis, or aortic dissection.
Moreover, it stresses the ischemic pathophysi-
ology based on the fourth universal definition
of myocardial infarction (MI) [6]. Conse-
quently, conditions such as Takotsubo syn-
drome or myocarditis have to be ruled out. In
the acute setting, the initial assessment of LV
wall motion using LV-angiography or ECG
may already indicate an epicardial or another

specific cause. Intracoronary imaging with in-
travascular ultrasound or optical coherence
tomography are key tools in detecting unrec-
ognized causes in coronary angiography, such
as thrombus, plaque rupture or erosion, or
spontaneous coronary artery dissection [7].
When the etiology is still unclear, CMR
represents a fundamental investigation. Late
gadolinium enhancement (LGE) in the sub-
endocardium suggests myocardial ischemia,
subepicardial LGE distribution may indicate

myocarditis, the absence of LGE is associated

Figure 3: Angiograms of the left and right coronary arteries showing patent vessels and stents.
Bottom left ventriculography showing normal left ventricular ejection fraction without regional wall

motion abnormalities.

Figure 4: T1 magnetic resonance imaging (MRI) scan showing late gadolinium enhancement of the
lateral right ventricular wall (scar, impaired microcirculation). The T2 MRI scan shows edema of the
lateral right ventricular wall (acute myocardial infarction, red arrow).
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with oedema and typical wall motion abnor-
malities are pathognomonic for a Takotsubo
syndrome. Moreover, a CMR can identify oth-
er causes of sudden cardiac arrest, like ar-
rhythmogenic cardiomyopathy or cardiac sar-
coidosis [8].

If history suggests vasospasm or microvas-
cular spasm, then intracoronary acetylcholine
or ergonovine testing may be considered, al-
though studies verifying safety in the acute
setting are limited [9].

When the underlying cause of MINOCA
is identified, patients should be treated and
followed up according to the guidelines of the
specific diagnosis. Despite optimal work-up,
the cause of 8-25% of MINOCA remains
undetermined, a condition then identified as
“myocardial infarction of unknown/unclear
causes” [10].

Primary Arrhythmia

After excluding a coronary or structural heart
disease, international guidelines on VF and
cardiac arrest recommend to look for primary
electrical disease, like Brugada syndrome and
other channelopathies [11]. Taking blood for
potential toxicology testing should be consid-
ered. In our case, an acquired long QT syn-
drome could have been postulated, consider-
ing the oral therapy with quetiapine and
venlafaxine and the slightly prolonged correct-
ed QT interval (473 ms) after ROSC. However,
the CMR findings excluded this hypothesis.
During the hospitalization, the corrected QT
interval regressed to 404 ms.

Aortic Dissection with Coronary
Extension

In a type A aortic dissection the intimal flap ex-
tends more frequently into the right coronary
ostium than into the left coronary system [12].
This condition can potentially manifest itself
with VF and inferior ST-segment elevation MI.
In our case, the absence of aortic regurgitation,
pericardial effusion and the absence of a flap in
the aortic root angiogram made the diagnosis
of an aortic root dissection improbable.

Pulmonary Embolism

In the context of chest pain, rapid AF and new-
ly diagnosed RBBB along with a circulatory
collapse, a central PE must be ruled out. In our
case, the echocardiographic findings of a dilat-
ed and impaired RV corroborated this hypoth-
esis. Nevertheless, the pulmonary angiography
CT excluded a pulmonary embolism.

Discussion
The prevalence of iRVMI ranges from 2.5 to
4.6% [13]. In up to 50% of acute MIs, a post-
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mortem RV involvement can be detected, sug-
gesting that RV infarcts often remain underdi-
agnosed [14].

It may occur from acute occlusion of a
non-dominant RCA or of the RV marginal
branch, like in this case. However, most RV
MIs occur in the setting of an inferior LV wall
infarction, involving an occlusion of the prox-
imal dominant RCA.

In these cases, the ECG findings express
the injury of the inferior wall of the LV. Some
ECG findings may help distinguish these two
types of RV involvement, although the features
are nonspecific. The most sensitive indicator
of an occlusion of the proximal RCA is an
ST-segment elevation of 1 mm or greater in
V4R with a sensitivity of 88% and a specificity
of 78% [15]. Prognosis can be poor irrespec-
tive of LV involvement. Conversely, some data
suggests that RV dysfunction is an independ-
ent risk factor for higher long-term mortality
after myocardial infarction [16, 17].

RVB are not routinely described in detail
in coronary angiogram reports, especially in
the presence of a small non-dominant RCA.

Revascularization of small coronary ves-
sels with PCI represents a real challenge. The
clinical relevance of small-vessel stenosis is
questionable, considering the supply of small
myocardial territories. Nevertheless, revascu-
larization could potentially decrease the risk of
a recurrence of VF and improve the RV func-
tion. However, the best revascularization tech-
nique for treating a small coronary occlusion
and the clinical benefit in the short and long
term remain unknown|[18].

Stenting a small vessel is tied with a high
risk of acute coronary rupture with conse-
quent pericardial tamponade and could
prompt to in-stent-occlusion in the long term
(thrombosis or restenosis) [19].

Revascularization solely via plain old bal-
loon angioplasty can also lead to potential

acute complications (coronary recoil or dissec-
tion) and chronic complications (reocclusion)
in the long term.

In our case, the diagnosis was established
with a delay of three days, therefore no revascu-
larization was performed. Retrospectively, intra-
coronary imaging could have brought an earlier
detection of the lesion, but with questionable
therapeutic consequences. The diagnosis of
iRVMI represents a clinical challenge. Clinical
presentation can be very unspecific, such as
high-grade atrioventricular block and cardio-
genic shock. As in this case, several cardiovascu-
lar imaging techniques can be crucial for the di-
agnosis. RV dilation and dysfunction represent
typical echocardiographic findings. Tricuspid
regurgitation, low pulmonary arterial pressure
and dilated hepatic veins may also be present.

The clinical management of patient with
RV infarction is troublesome. Besides the
prompt vascular reperfusion, one of the goals
of the treatment is the maintenance of ade-
quate RV filling pressure. The balance of fluid
volume administration must be performed
with caution. Due to the mechanical depend-
ence of the RV from the preload, RV infarc-
tions are usually characterized by an exagger-
ated response to preload-reducing agents such
as nitrates, morphine, or diuretics. On the oth-
er hand, an excessive volume load may limit
the LV filling by shifting the interventricular
septum to the left with consequent worsening
of the cardiac output [20].

In case of a fluid refractory shock, inotrop-
ic therapy should be considered. Nevertheless,
an inotropic or vasopressor can exacerbate
myocardial injury due to the increased myo-
cardial oxygen demand. This may explain the
poor outcome in some observational shock
studies [21]. In such cases, temporary mechan-
ical circulatory support devices for the treat-
ment of acute right ventricular failure such as
Impella RP® showed promising data [22].

Figure 5: Comparison of the previous right coronary angiography (left) with the actual examination
(right). Retrospectively a missing branch was noted.
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Patient’s Perspective

Despite initial uncertainty about the underly-
ing cause of the cardiac arrest, an open and
continuous communication with the patient
permitted to build a trustful relationship with
the healthcare providers. This permitted the
planning of every investigational step friction-
less, which was central for the final treatment.
The patient referred that he never felt to be ex-
posed to unnecessary risks.
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|
Learning Points/
Take Home Message

e |t is not always the most obvious cause to
engender a myocardial infarction and even a
small branch occlusion can lead to massive
clinical consequences.

The diagnosis of iRVMI can be challenging in
some clinical context. Due to its chamele-
on-like clinical presentation, out-of-the-box
thinking is crucial for diagnosis.
Intracoronary imaging and CMR can be of
extreme value in providing the diagnosis.
The revascularization of small RVB is debat-

able. Further studies are needed to evaluate
its safety and efficacy.
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