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Abstract

Although cardiac troponin is a highly specific biomarker for myocardial cell injury, it is important to recognize the pitfalls of this
test in the diagnosis and management of immune checkpoint inhibitor (ICI) myocarditis. We describe the challenging case of
an 81-year-old woman with persistently high troponin after undergoing immunotherapy with ipilimumab and nivolumab, and
histological evidence of amyloid deposition in the myocardium. The patient received immunosuppressive treatments based on
the magnitude of troponin changes because myocarditis was clinically suspected. However, histological examination revealed
the deposition of transthyretin amyloid fibrils with only minimal T-lymphocyte infiltration and no myocyte necrosis, suggesting
transthyretin cardiac amyloidosis rather than ICI myocarditis. This case highlights the importance of assessing other causes of
persistently high troponin, and the necessity of incorporating comprehensive histological and immunohistochemical examina-
tions of the endomyocardial biopsy, especially when cardiovascular magnetic resonance imaging is inconclusive.
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Introduction

Immune checkpoint inhibitor (ICI) myocarditis is a rare but
serious side effect with an estimated incidence of 0.06% to
over 1%. Commonly used diagnostic testing for ICI myocardi-
tis includes ECGs, echocardiography, biomarkers, and cardio-
vascular magnetic resonance. However, ICI myocarditis has
a variable clinical presentation and, until recently, had no
widely accepted definition. Its diagnosis relies on clinical sus-
picion, and if there is a high level of suspicion for myocarditis,
treatment will then be considered.

Case Report

An 81-year-old woman with a history of advanced melanoma,
hypertension, and dyslipidaemia presented with high-grade

fever, whole-body rash, and altered consciousness. Following
primary tumour resection and lymph node dissection, recur-
rent, distant metastases occurred after nine cycles of
pembrolizumab. Subsequently, she received her first round of
combination immunotherapy with ipilimumab and nivolumab
11 days prior to her current presentation (Figure 1). Her blood
pressure was 74/46 mmHg; heart rate, 106 b.p.m.; respiratory
rate, 25 breaths/min; oxygen saturation, 92% at 3 L/min via
nasal cannula; temperature, 38.5°C. Her initial laboratory test
results were as follows: leukocyte count, 17 960/L (normal
range; 3300–8600/L), creatine kinase (CK), 407 U/L (normal
range; 59–248 U/L), CK-MB, 6.2 U/L (normal range; <12 U/L),
troponin I, 55.0 pg/mL (normal range; <34.2 pg/mL), and C-
reactive protein, 26.2 mg/dL (normal range; <0.14 mg/dL).
There were no new electrocardiographic or echocardiographic
abnormalities, leading to the preliminary diagnosis of
serum sickness/systemic inflammatory response syndrome.
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The patient was provided best supportive care and a 1.5 mg/kg
equivalent dose of prednisolone. One week later, electrocardi-
ography (ECG) demonstrated diffuse T-wave inversions in the
precordial leads and the cardiac troponin level increased to
1053 pg/mL.

Cine cardiovascular magnetic resonance (CMR) demon-
strated normal left ventricular (LV) ejection fraction of 59%,
normal LV mass index of 46.1 g/m2, and pericardial effusion.
There was patchy mid-wall late gadolinium enhancement
(LGE) on LGE-CMR without increased myocardial native T1, T2,
and extracellular volume fraction (ECV) on multi-parametric
mapping or high signal intensity on T2-weighted short-TI inver-
sion recovery (STIR), suggesting the low likelihood of ICI myocar-
ditis and acute myocardial infarction (Figure 2; also see
Supporting Information, Movie S1). The troponin level rapidly
decreased from 1053 to 104 pg/mL by 10 days despite the sub-
sequent prednisolone taper. Cardiac troponin levels also grad-
ually increased after tapering. As ICI myocarditis was unable to
be excluded, the patient was re-treated with methylpredniso-
lone at 1 g daily for 3 days, followed by prednisolone at
1 mg/kg/day. Two weeks later, secondary methylprednisolone
pulse therapy and a 5 day course of intravenous immunoglob-
ulin were initiated. In order to determine the aetiology and
guide therapy, endomyocardial biopsy samples were obtained
from the mid interventricular septum. There were small

amounts of amyloid deposits on both direct fast scarlet and
TTR staining, indicating ATTR cardiac amyloidosis. Immunohis-
tochemistry depicted only minimal T-lymphocyte infiltration
with myocyte degeneration but not necrosis (Figure 3). Fur-
thermore, PD-L1 staining was negative. Considering the
long-term risks of steroids, the relatively low degree of persis-
tently high cardiac troponin and, most importantly, the pa-
tient’s overall clinical stability, steroids were gradually tapered
and eventually discontinued. At the 2 month follow-up, nei-
ther increased T1, T2 values nor significant differences in LV
function, volumes, or mass were noted on CMR (Supporting
Information, Movie S2). There was no further evolution of dif-
fuse T-wave inversions on follow-up ECG. No cardioprotective
drugs were administered during the course of hospitalization
because of low blood pressure. Five months later, the patient
had no clinical events indicative of heart failure. There was
no evidence of recurrent melanoma.

Discussion

Immune checkpoint inhibitor myocarditis is a severe compli-
cation of CTLA-4, PD-1, and PD-L1 antibodies used for the
treatment of multiple cancer types. Its diagnosis relies on

Figure 1 Tapering regimen and serum cardiac troponin. Timeline of the cardiac troponin and BNP levels, and treatment approach. BNP, brain natri-
uretic peptide.
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clinical suspicion, and if there is a high level of suspicion for
myocarditis, treatment will then be considered. The treat-
ment of ICI myocarditis has largely been based on the use
of glucocorticoids.1 Some centres stratify steroid manage-
ment based on the magnitude of troponin changes. However,
caution is required when relying on this biomarker to guide
management. Although troponin biomarkers are highly spe-
cific for myocardial cell injury, there are no specific laboratory
tests for myocarditis per se. Many clinical factors are involved
in increased troponin, and other common causes should be
considered. ECG is a widely available and inexpensive test
that should be performed immediately upon presentation.
In this clinical scenario, the patient did not exhibit further
evolution of electrocardiographic changes indicative of myo-
carditis or myocardial ischaemia despite persistently high car-
diac troponin. These clues further underscore the clinical im-
portance of serial ECG for the differential diagnosis of high
troponin. CMR is increasingly employed to address high tro-
ponin levels due to its ability to characterize tissue noninva-
sively. Although CMR is not the primary imaging modality
for evaluating pericardial effusion, it provides information
on the location and exact volume of fluid. Phase-sensitive in-
version-recovery LGE imaging is able to detect even minute
amounts of fluid not visible by echocardiography.2 Impor-
tantly, depending on the LGE pattern and distribution, LGE

CMR can differentiate ischaemic heart disease from
nonischaemic injury.3 In this patient, endomyocardial biopsy
revealed small amounts of cardiac amyloid. Thus, this small
amount of cardiac amyloid was likely beyond the spatial res-
olution of CMR, which is typically around 1.2 × 1.8 mm. This
case study demonstrated the importance of assessing other
causes of persistently high troponin and the necessity of in-
corporating comprehensive histological and immunohisto-
chemical examinations of the endomyocardial biopsy if CMR
is inconclusive.

Furthermore, this case highlights the diagnostic and thera-
peutic challenges associated with ICI myocarditis, especially
when accompanied by amyloid deposits in the myocardium.
Currently, it is estimated that 25% of all individuals older than
80 years have cardiac TTR amyloidosis.4 Of note, in a recent
study by Siegismund et al., 48% of patients with cardiac amy-
loidosis exhibited lymphocytic myocardial inflammation re-
gardless of the extent of amyloid deposition.5 However, we
have a limited understanding of the clinical ramifications of
myocardium amyloid deposits which may occur in response
to ICI therapy. The misfolded forms of TTR are directly toxic
to the neighbouring cardiomyocytes; thus, these cells may
be more susceptible to the development of an inflammatory
process, such as myocarditis, when subjected to an unre-
strained immune response. Moreover, the inflammation may

Figure 2 Baseline cardiovascular magnetic resonance. There was patchy mid-wall LGE and mildly increased ECV of 36% in the basal septum; no in-
creased global myocardial native T1, T2 values (1334 and 51 ms, respectively) or signal intensities on T2-weighted images were observed. These findings
were inconsistent with the 2018 Lake Louise criteria for a diagnosis of acute myocarditis. (Normal values at our institution: native T1:1314 ± 29 ms,
T2:46 ± 5 ms, ECV: 26 ± 5%). ECV, extracellular volume fraction; LGE, late gadolinium enhancement.
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represent a predictor/marker of active cardiac amyloidosis.
These novel findings raise important questions about the clin-
ical management of patients receiving ICI therapy. If inflam-
mation is induced by an unrestrained immune response, im-
mune modulatory treatments may be effective. Conversely,
if inflammation is a predictor/marker of the disease progres-
sion of cardiac amyloid, immune-modulating strategies are
unlikely to work. Indeed, persistently high cardiac troponin
refractory to high-dose glucocorticoids may suggest active
cardiac amyloid, as in our patient. This was also confirmed
by the stable biventricular systolic function and lack of in-
crease in myocardial native T1 on follow-up CMR. As cardiac
amyloidosis is associated with an unfavourable prognosis,6

the addition of pharmacological treatments for ATTR cardiac
amyloidosis should be tailored. Further studies are warranted
to determine whether treatment for amyloidosis and
immunosuppression should be co-administered as a clinical
mechanism to improve cardiac outcomes in cancer survivors.
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Figure 3 Pathological findings. Haematoxylin–eosin and picrosirius red-stained samples showed mild extracellular expansion and minimal lymphocytic
infiltrates with mild infiltrative interstitial fibrosis. Anti-transthyretin immunohistochemistry was positive for transthyretin. There was only a minimal
increase in CD3+ T-lymphocytes, with a predominance of CD4+ T-lymphocytes, and myocardial CD68+ macrophages, which did not fulfil the patholog-
ical diagnostic criteria of myocarditis.

2030 M. Ida et al.

ESC Heart Failure 2022; 9: 2027–2031
DOI: 10.1002/ehf2.13915



Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Movie S1. Baseline Short-axis Cine CMR.
Movie S2. Follow-up Short-axis Cine CMR.
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