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KEY TEACHING POINTS

� Cardiac conduction abnormalities and ventricular
arrhythmias are possible complications of immune
checkpoint inhibitor (ICI)–associated myocarditis.

� Corticosteroid therapy has been shown to reverse
cardiotoxicity due to systolic dysfunction in up to
two-thirds of cases of ICI myocarditis. Reversibility
of conduction abnormalities has not been well
described, owing to the rarity of this toxicity.

� Permanent pacing for heart block with ICI-
associated myocarditis may be necessary. Current
guidelines support permanent pacing in patients
Introduction
Immune checkpoint inhibitors (ICIs) are being increasingly
used for the treatment of certain advanced cancers. Each
drug targets a specific signaling pathway to reduce inhibition
of the antitumor immune response and thus activate the
body’s immune cells against cancer cells. Nivolumab, most
often used in treatment of melanoma, renal cell cancer, and
non–small cell lung cancer, is a human immunoglobulin
G4 monoclonal antibody that selectively inhibits the
programmed cell death-1 (PD-1) receptor.1 Cardiotoxicity
from ICIs is thought to result from the loss of T-cell regula-
tion and subsequent dysregulated autoimmune response to
cardiac antigens.2 This can manifest clinically as myocar-
ditis, pericarditis, Takotsubo cardiomyopathy, arrhythmias,
and vasculitis.3
with any symptomatic atrioventricular block
attributable to a known reversible cause that does
not resolve despite treatment of this cause.
Case report
An 88-year-old man presented with generalized weakness
and inability to transfer out of bed. The patient had been
diagnosed with pT4b invasive melanoma of the scalp 3
months prior. He had opted for systemic treatment instead
of surgery and radiation therapy and had received his first
dose of nivolumab (480 mg intravenous [IV]) 22 days prior.
Initial examination was unremarkable, without evidence of
poor tissue perfusion or volume overload. Fifth-generation
troponin T peaked at 1828 ng/L (normal ,22), creatine
kinase MB isoenzyme was at 247 ng/mL (,4.8), and
total creatine phosphokinase was 8350 U/L (,175)
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(Figure 1A–C). Initial electrocardiogram (ECG) demon-
strated normal sinus rhythm without conduction abnormal-
ities (Figure 2A). Echocardiogram showed preserved
systolic function and no significant valvular disease
(Supplemental Video). With his symptoms, significant car-
diac biomarker elevations, and recent nivolumab infusion,
ICI-associated myositis and myocarditis was suspected clin-
ically. He was started on a burst of prednisone 40 mg daily
and further nivolumab infusions were held. Subsequent daily
ECGs showed progression from normal sinus rhythm with
premature atrial contractions and without conduction disease
(hospital day 1) to new bifascicular block (hospital day 4),
then complete heart block (hospital day 5) (Figure 2A–C).
On hospital day 5, intermittent complete heart block was
demonstrated on telemetry, and a temporary transvenous
pacemaker was placed. Oral prednisone was escalated to
IV methylprednisolone 125 mg daily on hospital days 5–6,
which was then increased to 1 g IV methylprednisolone daily
thereafter. Corticosteroid dosing and intervals were
en access article
.0/).

https://doi.org/10.1016/j.hrcr.2020.07.015

mailto:Jonathan.Hsu@ucsd.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hrcr.2020.07.015&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.hrcr.2020.07.015


Figure 1 A: Fifth-generation troponin T trend (x-axis5 days, y-axis5 ng/L). B: Creatine kinase MB isoenzyme trend (x-axis5 days, y-axis5 ng/mL). C:
Creatine phosphokinase trend (x-axis 5 days, y-axis 5 U/L).
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determined by the patient’s oncology consultants. The pa-
tient also received 1 dose of infliximab 5 mg/kg on hospital
day 9. Mycophenolate was also considered but was ulti-
mately not given owing to a previous adverse reaction of
hives. The need for permanent pacemaker placement was
Figure 2 A: Electrocardiogram (ECG) on hospital day 1 showing sinus rhythm
rhythm with new bifascicular block and increased atrial ectopy. C: ECG on hospit
considered. Given lack of improvement with high-dose corti-
costeroid therapy and infliximab, he ultimately received a
dual-chamber pacemaker on hospital day 10. Following his
pacemaker placement, the patient continued to decline clini-
cally and with the involvement of his family, he chose not to
with premature atrial contractions. B: ECG on hospital day 4 showing sinus
al day 5 showing complete heart block.
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be resuscitated in the event of a cardiopulmonary arrest. On
hospital day 15 he went into ventricular fibrillation followed
by asystole, and then died. An autopsy was offered but was
declined by his surviving family.

Discussion
The authors have presented a case of ICI-associated myocar-
ditis in a patient with invasive melanoma on nivolumab. The
patient developed progressive conduction disease and
ultimately complete heart block, followed by ventricular
fibrillation leading to sudden cardiac death—a remarkable
clinical course in just over 2 weeks’ time. The short duration
over which these complications occurred makes this a
uniquely challenging and noteworthy case to discuss.

The true prevalence of myocarditis from ICI is not known.
A range from ,0.06% to 2.4% has been reported from pre-
clinical trials, case series, registries, and randomized clinical
trials.3,4 Data from 1 multicenter registry found the median
time to onset of ICI-associated myocarditis was 34 days (in-
terquartile range 21–75 days) from the first drug infusion.5 In
that study, patients with myocarditis were more likely to have
received combination ICI as compared to monotherapy.

Electrical complications associated with ICI-associated
myocarditis may include atrial fibrillation, supraventricular
tachycardia, progressive heart block, and lethal ventricular
arrhythmias. The prevalence of these complications
following ICI therapy is also not well understood. One obser-
vational study reported findings of conduction disease and
ventricular arrhythmias in 17% and 27% of patients with
ICI-associated myocarditis, respectively.4 Only 3 previously
published case reports of ICI-associated complete heart block
have been reported.6,7 In all of these 3 previously described
cases of complete heart block, patients had received combi-
nation therapy with anti-PD-1 and anti–cytotoxic T
lymphocyte–associated protein 4 ICIs, compared to ICI
monotherapy with only anti-PD-1 (nivolumab) in this case
report.

The American Society for Clinical Oncology practice
guidelines recommend hospital admission, withholding of
further ICI therapy, and early initiation of corticosteroid ther-
apy for moderate-to-severe cases of suspected ICI-associated
myocarditis.3 One to 2 mg/kg of prednisone or methylpred-
nisolone is recommended for moderate (grade 2 or 3) cases,
while the addition of mycophenolate, antithymocyte
globulin, or infliximab may be considered for severe (grade
4) cases. Corticosteroid therapy has been shown to reverse
cardiotoxicity due to systolic dysfunction in up to two-
thirds of cases.4 Registry data suggest that use of higher doses
of corticosteroids is associated with lower rates of peak serum
troponin levels and major adverse cardiac events.5 The
reversibility of conduction abnormalities has not been well
described, owing to the rarity of this toxicity.

The patient characterized in this case report presented with
symptoms compatible with some element of heart failure,
although his initial echocardiogram was normal. This may
not be an uncommon finding; Mahmood and colleagues5
found that more than half of patients with ICI-associated
myocarditis in a multicenter registry had a normal left
ventricular ejection fraction (LVEF) on initial assessment.
Additional cardiac imaging was not felt to be indicated at
that early juncture of his clinical presentation; however, it
was suspected that this patient may have evolved with left
ventricle dysfunction over time; no guidelines exist to aid
in determining the needed frequency of LVEF re-
evaluation. Cardiac magnetic resonance imaging was consid-
ered as his condition deteriorated but was not pursued, as it
probably would not have changed management. In hindsight,
a focused echocardiogram evaluating LVEF after conduction
disease had progressed may have been prognostic. The
patient then progressed to complete heart block in the setting
of ICI-associated myocarditis and did not improve after 10
days of high-dose corticosteroids and 1 dose of infliximab.
This presented a management dilemma with regard to the
indication for and timing of permanent pacemaker place-
ment. Reddy and colleagues7 have reported on the only
known case of complete heart block due to ICI-associated
myocarditis that reversed with treatment. This was, however,
months later in follow-up, after receiving high-dose cortico-
steroid therapy, mycophenolate mofetil, a transvenous pacer,
and later a permanent pacemaker. The 2018 ACC guidelines8

give a class IC recommendation for permanent pacing in
patients with symptomatic atrioventricular block attributable
to a known reversible cause that does not resolve despite
treatment of this cause. Given the paucity of data on revers-
ibility of heart block in this setting, the guidelines seem to
support the clinicians’ decision to place a permanent pace-
maker. Our patient also developed ventricular arrhythmias
as a likely toxicity. Up until the moment of sudden cardiac
death, however, the patient had not demonstrated significant
ventricular ectopy on telemetry. Ventricular arrhythmias are
common in all types of myocarditis, particularly if the LVEF
is depressed.9 Owing to the apparent high rates of ventricular
arrhythmias reported in the literature, the authors suggest that
placement of an implantable cardioverter-defibrillator (ICD)
should be considered if permanent pacing is felt to be indi-
cated. Additionally, in those who are not implanted with
ICD therapy, a wearable defibrillator may be considered,
particularly in patients at high risk of life-threatening ventric-
ular arrhythmias.10 The life expectancy of the patient must
also be considered in these decisions, as the mortality rate
of ICI-induced myocarditis can be up to 50%.3 To help
guide treatment to avoid sudden cardiac death in patients
with ICI-related myocarditis, future studies should assess
the risk of ventricular arrhythmias and sudden death in this
population.

Conclusion
ICI-associated myocarditis is rare, and cardiac conduction
abnormalities and arrhythmia complications are even rarer.
To our knowledge this is the first case of complete heart block
to occur as a toxicity from monotherapy with a single ICI.
Reversibility of heart block is unknown, and permanent



764 Heart Rhythm Case Reports, Vol 6, No 10, October 2020
pacemaker placement may be necessary. Placement of an
ICD lead for prevention of sudden cardiac death may be
considered in select patients.

Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2020.
07.015.
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