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The histologic criteria for myocarditis are a focal point of scientific debate in the wake of the SARS-CoV-2
pandemic. Variable methodologies have evolved in an evaluation already plagued by high intraobserver
variability and low sensitivity. In this commentary, two topical manuscripts are reviewed in the context
of this unfolding discussion.
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1. Introduction

The histologic diagnosis of myocarditis has been, and remains,
controversial. Provocative questions gained traction in the setting
of the recent SARS-CoV-2 global pandemic; however, the tenets of
this diagnostic conundrum date back decades. In 1986, a consensus
panel met in Texas (USA) to address this very problem. The resul-
tant criteria, aptly known as the Dallas criteria, governed the histo-
logic diagnosis of myocarditis through the end of the 20th century
[1,2]. However, in the early 2000s, concern regarding the poor sen-
sitivity and specificity of the Dallas criteria began to emerge [3].
Highlighted among the chief limitations were high interobserver
variability and variable treatment outcomes among Dallas-positive
and Dallas-negative patients. A call for multidisciplinary, integrated
diagnoses performed in conjunction with ancillary studies to in-
crease diagnostic yield (such as polymerase chain reaction [PCR]
for viral nucleic acid and immunohistochemical [IHC] staining) was
popularized. In response, the European Society of Cardiology em-
braced such recommendations and submitted a position statement
on myocardial diseases in 2013 [4]. In this, specific recommenda-
tions for the use of histology, IHC, and viral PCR were outlined for
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COVID-19, Coronavirus disease 2019; MRI, Magnetic resonance imaging; HMID, His-
tiocytic myocardial inflammatory disease.
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the histologic diagnosis of myocarditis by endomyocardial biopsy.
Since that time, divergent practices for the histologic diagnosis of
myocarditis have emerged in a region-dependent fashion.

The emergence of SARS-CoV-2 and controversial presence
of myocardial inflammation related to coronavirus disease 2019
(COVID-19) heart disease brought the shortcomings of current
practices to light. While criteria for a diagnosis of myocardi-
tis by endomyocardial biopsy exist, consensus statements on the
histologic features of myocarditis in explantation and autopsy
specimens are not readily available. The possibility of histiocyte-
predominant inflammatory infiltrates added additional complexity
to an already convoluted practice of the histologic diagnosis of my-
ocarditis [5]. Moreover, identification of patients with COVID-19-
associated myocardial inflammation became further opacified as
imaging studies reported a high prevalence of myocarditis which
were largely not substantiated in autopsy-based studies [6,7].

Several articles have addressed the concerns outlined above. In
this commentary, two such manuscripts will be highlighted [8,9].

1.1. Factual summary of articles

Article 1:
Endomyocardial biopsy-confirmed myocarditis and inflammatory car-
diomyopathy: clinical profile and prognosis

In the first article [8], 99 patients with a high clinical suspi-
cion for acute myocarditis or inflammatory cardiomyopathy under-
went endomyocardial biopsy (1997-2019) with the goal of eval-
uating the sensitivity of the Dallas criteria versus the IHC-based
criteria. The authors report that the use of immunohistochemical
methodologies significantly increased overall sensitivity among pa-
tients with high clinical suspicion and meeting American Heart
Association criteria for endomyocardial biopsy, both in the acute
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setting (P= .04) and in those with subacute, inflammatory car-
diomyopathy presentations (P< .001). Moreover, while prognosis
and clinical outcome were strongly dependent on clinical stage
and hemodynamic parameters, the finding of inflammation on en-
domyocardial biopsy portended a worse prognosis for stage- and
cardiac function-matched peers. Conversely, the use of immuno-
suppression among a subset of individuals with endomyocardial
biopsy-proven myocarditis was not associated with a reduction in
adverse outcomes (P= .6). The authors also observed a poor corre-
lation with cardiac magnetic resonance imaging (MRI) as evaluated
by the classic Lake Louise criteria.

Article 2:
The spectrum of macrophage-predominant inflammatory myocardial
disease presenting as fulminant heart failure

The second article [9] investigated the spectrum of
macrophage-predominant inflammatory myocardial diseases
among a subset of patients with acute heart failure. This article
is particularly relevant in today’s era, given the increased dis-
cussions surrounding histiocytic myocardial inflammatory disease
(HMID) as proposed in the setting of SARS-CoV-2 infection and
COVID-19-related myocardial disease. The authors highlight that
current histologic classifications of myocarditis do not include
a macrophage-predominant subtype and make a case for such
on the basis of a small, anecdotal series. They present six cases
with significant hemodynamic failure and histiocytic myocardial
inflammation, in which four had histologically evident myocyte
necrosis and one had distinct zones of myocyte loss. Due to over-
lap with features seen in pathologic antibody-mediated rejection
in cardiac allotransplantation patients, C4d staining was pursued
in these individuals. The authors postulate an antibody-mediated
pathogenesis underpinning the macrophage-predominant type
of myocarditis. While they observed two individuals with this
presentation in the setting of systemic lupus erythematosus, they
recognize a variable patient presentation and possible confounding
features such as ischemia and the (potential) role of chronic
disease in this presentation. Viral testing was not performed on
these specimens.

2. Discussion

The articles presented generated excellent commentary and dis-
cussion from Journal Club attendees. Article 1 [8] was timely and
discussed a highly relevant assessment of myocarditis by light mi-
croscopy versus immunohistochemistry. The authors found that the
use of immunohistochemistry improved sensitivity and correlated
with patient outcome. The data are exceptionally useful as the cur-
rent criteria for the diagnosis of myocarditis by endomyocardial
biopsy are reviewed and updated. Correlation with additional like-
minded studies will be of utility, with particular attention to sep-
arating acute myocarditis (and the clinical presentation/outcomes)
from subacute/chronic forms. Expert discussion during the Journal
Club found variable practices and preferences among the Society
for Cardiovascular Pathology members, with both those in favor of
the use of immunohistochemistry and others who cautioned about
the possibility of overcalling myocarditis with these ancillary stud-
ies. All agreed that any newly penned definitional paradigms must
be rooted in patient outcome to avoid the use of arbitrary quan-
tification of leukocytes on tissue samples.

Article 2 [9] generated a robust discussion about the concept
of histiocytic myocardial inflammation. Varying opinions regarding
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the overall significance of the finding (secondary to ischemic in-
jury versus a primary infiltrate that mediates myocardial damage)
was debated. The article provided case-based scenarios; however,
the lack of a control group makes it challenging to assign meaning
to anecdotal patient presentations. Nevertheless, the article brings
to light the current challenges we face in decoding histocytic in-
flammatory infiltrates and the differences of opinions regarding its
underlying etiology. Members of the Journal Club cited the propen-
sity of C4d to highlight ischemic and damaged myocardium with-
out specificity to antibody-mediated mechanisms, thus cautioning
against the use of C4d immunohistochemistry to draw strong con-
clusions about the pathogenesis of this process.

3. Commentary

Herein, we discussed two articles in which the authors raise
questions as to the meaning of inflammation in the heart and how
we can best interpret such changes. This inquiry is aptly placed
chronologically with current trends in the literature as well as with
relevant global health concerns.

After reading these articles, physicians and researchers are well-
positioned for additional inquiry. The need for investigations into
the characteristic inflammatory milieu in both acute pathologies
and chronic cardiomyopathies is highlighted as a natural subse-
quent step to this interpretation. Resultant proposed diagnostic
systems and investigations must be anchored in clinical outcome.
In this author’s opinion, further investigations into the role of en-
domyocardial biopsy and cardiac MRI (or a synergism therein) may
provide meaningful insights into a multidisciplinary approach to
this challenging question.

Overall, authors of the reviewed manuscripts and Journal Club
members provided provocative questions and observations with
critical appraisal of data provided. Through venues such as this,
we can continue to work toward a more reliable diagnostic system
with improved patient outcomes.
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