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An magnetic resonance imaging-pathology
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Cardiac sarcoidosis (CS) is a granulomatous disease that can manifest as conduction defects, ventricular arrhythmias, and heart failure.
The diagnosis of CS is inherently difficult due to variable presentations; as such, endomyocardial biopsy is often required but lacks sen-
sitivity due to patchy myocardial involvement. Moreover, the diagnostic criteria of CS and arrhythmogenic cardiomyopathy overlap,
particularly in right-side dominant or biventricular presentations, which further complicates an already challenging differential diagnosis.

A 53-year-old man with no prior chronic medical conditions presented with ventricular tachycardia (VT) and heart failure with
reduced ejection fraction. He was found to have biventricular cardiomyopathy and late gadolinium enhancement on cardiac mag-
netic resonance imaging, resulting in an initial diagnosis of arrhythmogenic cardiomyopathy. Implantable cardioverter-defibrillator
was placed, but he was readmitted for recurrent VT 2 months later. Despite an aggressive VT therapy (combination of antiarrhyth-
mic drugs, epicardial and endocardial ablation, and stellate ganglion block), he continued with refractory VT and developed cardio-
genic shock. Extra-corporeal membrane oxygenation was initiated as a bridge to heart transplantation. Pathology of the explanted
heart revealed the underlying disease to be CS.

Cardiac sarcoidosis can mimic arrhythmogenic biventricular cardiomyopathy and may be difficult to distinguish by the proposed
diagnostic criteria. High clinical suspicion and thorough investigation are necessary for an earlier diagnosis and initiation of
treatment.
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e To be able to make a differential diagnosis for causes of recurrent ventricular arrhythmias.
e Torecognize the difficulties in differentiating arrhythmogenic biventricular cardiomyopathy from cardiac sarcoidosis and appreciate the need
for thorough investigation to exclude cardiac sarcoidosis.

* Corresponding author. Tel: +(845) 905 6114, Email: Kim.boyoung@mayo.edu

Handling Editor: Goksel Cinier

Peer-reviewers: Martin Manninger; Julian Vega Adauy

Compliance Editor: Nikolaos Spinthakis

© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information please contact
journals.permissions@oup.com.


https://orcid.org/0009-0004-8025-3362
https://orcid.org/0000-0003-3093-3744
https://orcid.org/0000-0001-9511-1245
mailto:Kim.boyoung@mayo.edu
https://creativecommons.org/licenses/by-nc/4.0/

Differentiating between arrhythmogenic cardiomyopathy (ACM) and
cardiac sarcoidosis (CS) is difficult as both can present similarly with
ventricular arrythmias." Diagnostic guidelines overlap, and CS diagno-
sis is especially challenging since clinical and imaging findings are not
pathognomonic nor universally present and endomyocardial biopsy
(EMB) has low sensitivity at only 36%.*® We present a patient with
ventricular tachycardia (VT) who was initially diagnosed with ACM.
After heart transplantation, his explanted heart revealed CS, highlight-
ing the complexities of differentiating CS from arrhythmogenic biventri-
cular cardiomyopathy and the importance of thorough investigation to
rule out a potentially treatable disease.
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sinus tachycardia with first-degree atrioventricular block and exten-
sive QRS fractionation, consistent with slow conduction and fibro-
sis (Figure 1B).

He underwent epicardial and endocardial VT ablation and stellate
ganglion block but developed cardiogenic shock and respiratory failure,
leading to ECMO cannulation and ultimately heart transplantation
2 weeks after admission.

The explanted heart showed biventricular dilatation and cardio-
megaly. There was interstitial (replacement-type) fibrosis in a sub-
epicardial and focally transmural distribution, involving the anterior,
lateral, and septum of the LV and near the entirety of the RV
(Figure 4). There was some residual active granulomatous inflaimma-
tion involving the myocardium near the atrioventricular node. This
confirmed biventricular CS primarily in a chronic, burnt-out phase,
with minimal active disease. No pathologic variant was found on
the cardiomyopathy gene panel.

The patient was admitted with VT. Left ventricular (LV) ejection fraction (LVEF) was reduced. Cardiac magnetic resonance

(CMR) imaging showed biventricular cardiomyopathy and extensive right ventricular (RV) late gadolinium enhancement

(LGE), leading to an initial ACM diagnosis. Implantable cardioverter-defibrillator (ICD) was placed.
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The patient presented with recurrent VT. He was cardioverted and placed on lidocaine and amiodarone but continued to have

The patient underwent epicardial and endocardial VT ablation but developed cardiogenic shock, requiring extra-corporeal

membrane oxygenation (ECMO). He then underwent heart transplantation. The explanted heart revealed fibrosis of much of

the RV and parts of the LV with some residual active granulomatous inflammation, confirming the diagnosis of CS.
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A 53-year-old man with no prior chronic diseases presented with
sudden dyspnoea and lightheadedness from VT. Transthoracic echo-
cardiogram showed reduced LVEF. Electrocardiogram showed
wide-complex tachycardia with prolonged QTgc, fusion beats, and
left bundle branch block morphology (LBBB; Figure 1A). With CMR
demonstrating biventricular cardiomyopathy, RV LGE, and history
of sudden cardiac death in his father, ACM was clinically diagnosed
and gene testing was planned. The differential also included CS, myo-
carditis, hypertrophic cardiomyopathy, infiltrative cardiomyopathy,
and ischaemic heart disease. The patient underwent ICD implant-
ation and was started on sotalol and metoprolol succinate but then
presented to the local emergency department with recurrent VT.
He was cardioverted, placed on lidocaine and amiodarone in addition
to metoprolol, and transferred to our facility.

Transthoracic echocardiogram revealed severely enlarged RV
chamber, moderately enlarged LV chamber, and severely reduced
biventricular systolic function. Coronary angiogram demonstrated
normal coronary arteries. Cardiac magnetic resonance (Figure 2;
Supplementary material online, Videos S1-53) showed biventricular
LGE with increased extra-cellular volume by T1 mapping, consist-
ent with interstitial fibrosis. In the LV, there was diffuse sub-
epicardial LGE. The ventricular septum (on the RV side) showed
anterior and inferior LGE in a bilayer or focally transmural pattern
and patchy enhancement in the papillary muscles. In the RV
(Figure 3; Supplementary material online, Videos S4 and S5), there
was diffuse near-transmural LGE of the entire free wall. T2-based
sequences did not suggest significant active inflammation. Cardiac
magnetic resonance confirmed an LVEF of 26% and RV ejection
fraction of 21%. Prior to ablation, electrocardiogram demonstrated

No recurrent granulomatous disease on post-transplant cardiac biopsies and patient has remained clinically stable.

The patient’s post-transplant course was uncomplicated without re-
current arrhythmia or significant allograft rejection. A cardiac positron
emission tomography (PET) showed no evidence of inflammation or fi-
brosis, and he did not exhibit extra-CS.

Arrhythmogenic cardiomyopathy is a hereditable cardiomyopathy that
manifests as ventricular arrhythmias due to myocardial fibrofatty re-
placement.” Arrhythmogenic cardiomyopathy can manifest as isolated
RV, isolated LV, or biventricular involvement.* Diagnostic recommenda-
tions have been described by the 2010 Task Force Criteria and 2020
Padua Criteria.*> With CMR indicating RV free wall akinesia, indexed
RV end-diastolic volume of 132 mL/mz, transmural RV LGE, reduced
LVEF, multi-segment LV LGE, inverted T waves, possible epsilon wave
in right precordial leads, and sustained VT of LBBB morphology and
the inferior axis, this patient met three major and one minor Task
Force Criteria, three major and two minor Padua RV Criteria, and
two major Padua LV Criteria.** Thus, he would have been diagnosed
with ‘definite’ ACM or arrhythmogenic biventricular cardiomyopathy,
despite his later pathologically proven CS.

Sarcoidosis is a systemic granulomatous disease that usually involves
the lungs but can impact any organ, including the heart.> Cardiac sar-
coidosis tends to present with conduction abnormalities, ventricular ar-
rhythmias, and/or heart failure.? Unfortunately, diagnosis of CS can
be challenging. The 2014 Heart Rhythm Society recommendations
for CS diagnosis require either histological diagnosis from myocardium
or histological diagnosis of extra-CS along with a specific clinical pres-
entation, such as unexplained sustained VT or LGE on CMR.® In 2016,
the Japanese Circulation Society released guidelines that allowed for
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Figure 1 Electrocardiogram. (A) Electrocardiogram shows ventricular tachycardia with an inferior axis and left bundle branch block morphology. (B)
Electrocardiogram shows sinus tachycardia with low voltage, fragmented QRS complexes, and delayed right ventricular activation with possible epsilon wave.

‘suspected’ CS diagnosis without EMB. These require fulfilment of clin-
ical criteria along with imaging, such as '®F-fluorodeoxyglucose-PET
(FDG-PET), showing isolated heart involvement.” This patient would
not have met CS criteria due to a lack of pre-transplant EMB, known
extra-CS involvement, or whole-body sarcoid imaging. This illustrates
the difficulty of differentiating ACM from CS, particularly in right-side
dominant or biventricular cases.®

Immunosuppression with corticosteroids is the first-line therapy for
sarcoidosis but not indicated for ACM.? Thus, in patients with sus-
pected ACM, one should consider undergoing a careful investigation

to exclude CS, including endomyocardial or extra-cardiac biopsy along
with cardiac and whole-body FDG-PET. Certain LGE patterns on CMR
could be more specific for CS, such as septal LGE with contiguous ex-
tension into the RV and intense non-contiguous multi-focal LGE in a
non-infarct pattern.9 However, various imaging features are commonly
shared among CS and ACM, and clinical context and pre-test probabil-
ity are critical in imaging interpretation. This patient had late-stage CS
and immunosuppression at the time of presentation likely would not
have changed his clinical course. However, diagnosis and treatment in
early-stage CS cases could lead to reduction in morbidities. This was
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Figure 2 Magnetic resonance imaging (MRI) and pathology correlation. Cardiac MRI demonstrates increased biventricular size with reduced systolic
function (Column A: cine SSFP of short axis slices, top: basal, middle: mid, and bottom: apical level), significant sub-epicardial scarring (arrows) of the
interventricular left ventricular septum, basal left ventricular anterior and inferior walls, and entire right ventricular free wall (Column D: native T1 map;
Column E: post-contrast T1 map; Column F: late gadolinium enhancement), without significant inflammation or oedema (Column B: T2 weighted series;

Column C: T2 map), correlating with gross pathology (Column G).

Figure 3 Magnetic resonance imaging (MRI). Cardiac MRI demonstrated increased right ventricular size and reduced right ventricular systolic func-
tion with akinetic mid to apical free wall [cine steady-state free precession, four chamber view (A) and right ventricular outflow tract (RVOT) view (C)]
with corresponding diffuse late gadolinium enhancement of the right ventricular free wall [late gadolinium enhancement sequence, four chamber view

(B) and RVOT view (D)].
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Explanted heart pathology confirming cardiac sarcoidosis. Short-axis, mid-ventricular slice of explanted heart (A) shows extensive grey—
white scarring of the right ventricular wall, septum, and anterior left ventricular wall with associated right ventricular wall thinning. Haematoxylin
and eosin-stained sections of the ventricular septum (B, X200 original magnification) shows non-necrotizing granuloma (arrow) surrounded by fibrosis
(*) and extensive fibrosis with multi-nucleated giant cells in the right ventricle (C and D; X10 and %200 original magnification, respectively).

a novel case in which the full explanted heart could be compared with
imaging findings of a CS patient who thoroughly met arrhythmogenic
biventricular cardiomyopathy criteria. Despite similar cases previously
reported, heightened awareness remains necessary for diverse CS
manifestations, especially in right-predominant cases such as this.
Additional diagnostic tools are needed to improve the differentiation
between these diseases.
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