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Abstract

Aims Cardiac sarcoidosis (CS) and giant cell myocarditis (GCM) are in�ammatory cardiomyopathies sharing histopathological
and clinical features. Their differentiation is dif�cult and susceptible of confusion and apparent mistakes. The possibility that
they represent different phenotypes of a single disease has been debated.
Methods and results We made a retrospective audit of 73 cases of GCM diagnosed in Finland since the late 1980s. All avail-
able histological material was reanalyzed as were other examinations pertinent to the distinction between GCM and CS. Find-
ing granulomas in or outside the heart was considered diagnostic of CS and exclusive of GCM. Altogether 45 of the 73 cases of
GCM (62%) were reclassi�ed as CS. In all except one case, this was based on �nding sarcoid granulomas that either had been
originally missed (n = 29) or misinterpreted (n = 11) or were found in additional posttransplant myocardial specimens (n = 3) or
samples of extracardiac tissue (n = 1) accrued over the disease course. Supporting the reclassi�cation, patients relocated to the
CS group had less heart failure at presentation (prevalence 20% vs. 46%, P = 0.017) and better 1 year transplant-free survival
(82% vs. 45%, P = 0.011) than patients considered to represent true GCM.
Conclusions Recognizing granulomas in or outside the heart remains a challenge for the pathologist. Given that CS and GCM
are considered distinct diseases and granulomas exclusive of GCM, many cases of GCM, if thoroughly scrutinized, may need
reclassi�cation as CS. However, whether CS and GCM are truly different entities or parts of a one-disease continuum has
not yet been conclusively settled.
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Introduction

The �rst reports of giant cell myocarditis (GCM) and cardiac
sarcoidosis (CS) date back to the early decades of the 20th
century.1,2 Still today, a hundred years later, clinicians remain
puzzled by their many unknowns like what are their respec-
tive causes and mechanisms and are they genuinely different
diseases or merely different segments of a single disease
spectrum. Both conditions have been attributed to T
lymphocyte-mediated autoimmune myocardial injury, and
they have many similarities in myocardial histopathology
and clinical manifestations.3–6 The studies by Litovsky et al.4

and Okura et al.6 at the turn of millennium seemed, however,

to establish GCM and CS as different disease entities. Myo-
cardial granulomas and �brosis have since been taken as
the histologic hallmarks of CS while prominent necrosis and
a diffuse in�ltrate of mixed in�ammatory cells including mul-
tinuclear giant cells and eosinophils are considered peculiar
for GCM.3,6–8

We have in Finland a registry of patients diagnosed during
life with CS or GCM since the late 1980s.9 Recently, additional
cases diagnosed only at autopsy were identi�ed and included
from the cause-of-death registry. In reanalyzing the autopsy
material, we found cases of CS mistaken for GCM.10 In a par-
allel case, we came across an explanted heart showing abun-
dant granulomas in a patient with a pretransplant diagnosis
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of GCM. In response, we decided to audit each GCM diagno-
sis in our registry. To that end, we reassessed the original di-
agnostic slides and any later myocardial biopsies as well as
samples of extracardiac tissue and other diagnostic studies.
The need to consider reclassi�cation of GCM was surprisingly
high. Here, we detail the main causes for the apparent mis-
takes of CS for GCM but discuss also whether CS and GCM
could represent a one-disease continuum rather than two dif-
ferent entities.

Methods

The cases

Clinical registry
The Myocardial In�ammatory Diseases in Finland (MIDFIN)
study group is a cardiology research network maintaining a
nationwide registry of adult patients diagnosed with CS or
GCM since the late 1980s. The details of the registry are de-
scribed in our earlier publications.9,11,12 The data �led on in-
dividual patients include information about demographics,
cardiac manifestations, and associated diseases as well as re-
sults of diagnostic imaging and laboratory studies and treat-
ment with drugs and devices. All patients have been
followed-up in the hospitals of the MIDFIN research network,
and their outcome events including death, transplantation,
and life-threatening arrhythmias have been recorded. The
case was included as GCM in the registry if myocardial histol-
ogy showed myocyte injury with or without necrosis associ-
ated with an in�ammatory in�ltrate variably composed of
lymphocytes, histiocytes, eosinophils, and multinuclear GCs
without other explanations. The presence of unequivocal
non-necrotic granulomas was considered diagnostic of CS
and exclusive of GCM. All diagnoses had been made by two
cardiac pathologists one of whom (A.R.-S). is also authoring
the present work. At the end of 2015, the MIDFIN registry in-
cluded 50 cases of idiopathic GCM ful�lling the above criteria.
All except one of them could be included in the present work.

Cause-of-death registry
As described elsewhere,10 we recently screened the Finnish
cause-of-death registry to identify patients dying suddenly
out of hospital and diagnosed with CS or GCM only at au-
topsy. The registry �les were available to us in digital format
from 1998 through 2015, and altogether, 820 605 death cer-
ti�cates were subjected to detailed screening.10 In all, 24 can-
didate cases of GCM were identi�ed based on the
documentation of the primary cause of death as the ICD-10
codes I51.4 (myocarditis, unspeci�ed) or I40 (acute myocardi-
tis) with the phrase ‘giant cell myocarditis’ in the text body of
the death certi�cate. The autopsies had been made by foren-
sic (21/24) or general (3/24) pathologists.

Methods of the audit

For the review of the 49 GCM cases from the MIDFIN registry,
we acquired for microscopy all slides and histologic material
still available from the original diagnostic myocardial biopsies
as well as any specimens available from follow-up biopsies or
explanted or autopsied hearts and any lifetime or autopsy
samples of extracardiac tissues. In cases of dif�cult-to-assess
myocardial histology, we made ancillary studies with immu-
nohistochemistry using the following antibodies: CD3 (clone:
2VG6, Ventana, Phoenix, AZ), CD4 (clone: SP35, Cell Marque),
CD8 (clone: 4B11, Novocastra), CD31 (clone: JC70A, Dako),
CD68 (clone: PG-M1, Dako), and PD-L1 (clone: SP142,
Abcam). In addition to microscopy, we also used other infor-
mation pertinent to the differentiation of CS from GCM such
as results of imaging studies with either 18-F-
fuorodeoxyglucose positron emission tomography (18FFDG
PET) or computed tomography.

For the review of the 24 cases from the cause-of-death
registry, the slides and histological material available from au-
topsies were re-examined. The written autopsy reports were
scrutinized for observations of other cardiac diseases and
extracardiac organ involvement. The lifetime medical records
of the deceased were studied for their medical history and
any cardiac symptoms and examinations shortly before
death.

The histopathologic re-evaluation of all GCM cases was
made by two pathologists (A.R.-S. and M.I.M.) with
>10 years experience in cardiovascular pathology. Their con-
sensus was needed to convert the diagnosis of GCM to CS in
clinico-pathological meetings with the cardiologists (K.E., J.L.,
and M.K.).

Criteria for reclassi�cation of GCM

The histologic criteria for GCM were identical to the ones
used previously with the addition that the presence of any
myocardial granulomas recognizable with reasonable cer-
tainty, including the immature ones identi�ed with help of
immunohistochemistry, were considered diagnostic of CS.
Furthermore, cases where histologic studies con�rmed or
18FFDG PET strongly suggested the presence of extracardiac
sarcoidosis were reclassi�ed as CS even in the absence of
myocardial granulomas.

Ethical approvals

The MIDFIN registry study had the approval of the national
ethical review board (STM/1219/2009). The National Au-
thority for Medicolegal Affairs (4615/06.01.03.01/2016)
and the National Institute for Health and Welfare (THL/
691/5.05.00/2016) approved the study of cases from the
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cause-of-death registry and the review of postmortem au-
topsy material. Our study complies with the Declaration of
Helsinki, and written informed consent was obtained from
each patient alive at the time of recruitment into the
MIDFIN registry study.

Statistical analysis

Statistical analysis was used to compare the cases of GCM
reclassi�ed as CS with the ones maintaining the original diag-
nosis. Baseline characteristics are presented as
mean ± standard deviation or as median (interquartile range)
for continuous variables and as frequencies for categorical
variables. Group comparisons were made using Student’s t-
test, Mann–Whitney U test, or �2 statistic as appropriate. In
survival analysis, follow-up was calculated from the date of

�rst medical contact because of symptoms that led to the di-
agnosis of GCM during life or were attributable to GCM in
cases diagnosed at autopsy. Survival analysis was carried
out by the Kaplan–Meier method with the composite of
death from any cause or cardiac transplantation as the out-
come endpoint. Cox regression analysis was used to adjust
for confounding factors when comparing event-free survival
between the diagnostic groups. P values <0.05 were consid-
ered statistically signi�cant. Analyses were performed using
SPSS–24 for Macintosh (SPSS Inc, IL) and Xlstat Lifesciences
(Addinsoft, Paris, France).

Results

The rate and causes of reclassi�cation of giant
cell myocarditis

After re-evaluation of the individual GCM diagnoses, 26 out
of the 49 cases in the MIDFIN registry were reclassi�ed as
CS as were 19 of the 24 cases �led as GCM in the cause-of-
death registry. The main reasons for reclassi�cation are sum-
marized in Figure 1. In 20 cases from the MIDFIN registry and
nine cases from the cause-of-death registry, re-evaluation ex-
posed originally missed myocardial granulomas varying from
occasional well-formed follicular structures to immature
granulomas in different stages of development. With the help
of immunohistochemistry, the immature granulomas were
recognized more con�dently. Figure 2 exempli�es a
well-formed granuloma (Figure 2A) and an immature one �rst
in haematoxylin and eosin (H&E) staining (Figure 2B) and af-
ter immunostaining for CD68 (Figure 2C) and PD-L1 (Figure
2D). Even staining for CD4 positive T helper cells was of some
help whereas CD3 and CD8 positive T cells were scattered
around the myocardium and did not highlight the granulo-
mas. Recognition of GCs and granulomas in the postmortem
myocardium was complicated by frequent tissue autolysis
(Figure 3A). In altogether 11 cases, 10 from the cause-of-
death registry and one from the MIDFIN registry, presence
of extracardiac, and even cardiac granulomas had been cor-
rectly recognized and reported at the autopsy, but the diag-
nosis assigned by the forensic or general pathologist was
GCM. The most common sites for the extracardiac granulo-
mas were mediastinal lymph nodes, lungs, kidneys, and liver
(Figure 3B–D). In two cases transplanted for GCM,
re-evaluation of specimens available from the native hearts
revealed granulomas missed in the original explant study. In
one further posttransplant case, follow-up allograft biopsies
showed recurrence of disease with myocardial granulomas di-
agnostic of CS. Finally, extracardiac �ndings were the reason
for reclassi�cation in two instances. In one of them, sarcoid
granulomas were found on microscopy of renal tissue sam-
ples while in the other case, with poor-quality original

Figure 1 Flow chart summarizing the study material and the reasons for
reclassi�cation of GCM as CS. Of the 24 cause-of-death registry cases, 10
were reclassi�ed because of originally found but misinterpreted granulo-
mas and nine for myocardial granulomas missed at autopsy. All remaining
reasons pertain to cases from the MIDFIN registry.
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myocardial slides, 18FFDG PET taken at presentation showed
extracardiac in�ammatory activity (mediastinal lymph nodes,
lungs) favouring the diagnosis of CS. Altogether 32 of the 45
reclassi�ed cases had isolated CS, that is, no signs of
extracardiac sarcoid granulomas had been recorded either
at autopsy or in whole-body 18FFDG PET.

Comparison between the groups of cardiac
sarcoidosis and giant cell myocarditis resulting
from re-evaluation

Table 1 compares patients’ characteristics, treatment, and
cardiac events between the subgroups of GCM reclassi�ed
as CS and keeping the GCM diagnosis. At presentation, pa-
tients relocated to the CS group were younger, had lower cir-
culating troponin-T and NT-proBNP and were less likely to
have heart failure. As Table 1 shows, altogether 16 patients
reclassi�ed as CS had received GCM-targeted immunosup-
pression including cyclosporine. Impaired renal function (glo-
merular �ltration rate < 60 mL/min/m2) was observed during

follow-up in six of them with severe renal failure (glomerular
�ltration rate < 30 mL/m2/min) being noted in one case. No
malignancies were observed during follow-up, but one case
of recurrent diverticulitis was considered an infectious com-
plication of immunosuppression. In 2019, immunosuppres-
sion for GCM was fully withdrawn in �ve stable patients
reclassi�ed as CS; no signs of disease relapse have been
noted in any of them over a minimum of 6 months of
follow-up.

Figure 4 shows the transplant-free survival graphs for the
GCM patients reclassi�ed as CS (n = 34) and maintaining the
GCM diagnosis (n = 25); cases with sudden death as the only
presenting manifestation (n = 14) were excluded from the
analysis. The Kaplan–Meier estimate (95% con�dence inter-
val) of 1 year transplant-free survival was 82% (70–95%) in
CS and 45% (24–66%) in GCM. At 5 years, the estimate was
46% (28–64%) in CS and 27% (7–47%) in GCM. In a Cox re-
gression analysis with diagnosis, age, and presentation with
heart failure as explanatory factors, CS was an independent
predictor of outcome with a hazard ratio (95% con�dence in-
terval) of 0.370 (0.169–0.809, P = 0.013).

Figure 2 (A) Well-formed granulomas (asterix) in the �brotic cardiac tissue from a CS patient (H&E-staining, original magni�cation ×25). (B)
Endomyocardial biopsy showing dense lymphocytic in�ltrate with pale areas representing immature granulomas (asterix, H&E-staining, original mag-
ni�cation ×10). Immunohistochemical staining for markers of CD68 (macrophages, red) and CD31 (endothelium, brown) (Panel C) and PD-L1 (Panel D)
highlights the granulomas.
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