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A 76-year-old man with stage IV urothelial carcinoma who was receiving atezolizumab presented with dyspnea,

elevated cardiac biomarkers, new negative T waves, and left ventricular apical akinesia. Coronary angiography results

were normal. Immune checkpoint inhibitor–related myocarditis was suspected, and high-dose corticosteroid treatment

was started. Cardiac magnetic resonance showed apical edema, suggesting stress cardiomyopathy. (Level of Difficulty:

Beginner.) (J Am Coll Cardiol Case Rep 2023;16:101881) © 2023 The Authors. Published by Elsevier on behalf of

the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 76-year-old man with stage IV upper urinary tract
urothelial carcinoma was admitted to the Department
of Oncology of La Paz University Hospital, Madrid,
Spain, as a result of cough, dyspnea, and fever after
his fourth atezolizumab cycle.
EARNING OBJECTIVES

To understand the importance of early
diagnosis and treatment of cardiac irAEs to
minimize cancer treatment discontinuation.
Myocarditis is the most feared condition, but
other diagnoses should be considered.
To highlight the importance of evaluating in
a multidisciplinary team the possibility of ICI
rechallenge in each patient after stress car-
diomyopathy, provided that close cardiac
monitoring is ensured.
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Physical examination on admission revealed bilat-
eral pulmonary crackles. Initial laboratory testing
showed leukocytosis with neutrophilia and high
levels of C-reactive protein (198 mg/L). A chest
computed tomography scan was performed, and it
showed enlargement of mediastinal lymphadenopa-
thy, ground-glass opacities, and pleural effusion. The
result of a SARS-CoV-2 test was negative, the patient
was admitted with a diagnosis of immunotherapy-
induced pneumonitis, and corticosteroid treatment
was started. A limited, point-of-care echocardiogram
showed a normal left ventricular systolic function.
Results of blood cultures and serologic tests for
atypical respiratory pathogens were negative.

Five days after admission, the patient developed
orthopnea and edema. New laboratory tests confirmed
an increase in high-sensitivity troponin I (hs-TnI)
(peak value, 276.2 ng/L; normal value, <53.5 ng/mL)
and N-terminal pro–B-type natriuretic peptide (NT-
proBNP) (12,751 pg/mL). An electrocardiogram (ECG)
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showed sinus rhythm with negative T waves
in the precordial leads (Figure 1). A new
transthoracic echocardiogramwas performed,
and it showed mildly reduced left ventricular
ejection fraction (51.6%, by Simpson’s biplane
method) with apical akinesia, reduced left
ventricular global longitudinal strain (GLS)
(�7.4%), base to apex circular gradient of
strain (Video 1), and second-degree diastolic
dysfunction (E/A 0.76), with reduced septal e0

(5 cm/s) and increased E/e0 (12.6).

PAST MEDICAL HISTORY

His medical history included hypertension,
former smoking, dyslipidemia, and stage 4
chronic kidney disease, as well as colon
adenocarcinoma treated with an adjuvant
XELOX (capecitabine in combination with
oxaliplatin) chemotherapy regimen 7 years earlier.

DIFFERENTIAL DIAGNOSIS

Although the patient denied chest pain, given his
multiple cardiovascular risk factors, troponin eleva-
tion, and ECG changes, non–ST-segment elevation
acute coronary syndrome (ACS) ranked first on the
list of differential diagnoses. Once obstructive coro-
nary artery disease was ruled out, immune check-
point inhibitor (ICI)–related myocarditis and stress
E 1 Electrocardiogram Showing Sinus Rhythm With Negative
cardiomyopathy had to be considered. Other di-
agnoses, such as pericarditis or electrolyte distur-
bances, were considered less likely.

INVESTIGATIONS

Coronary angiography showed normal coronary ar-
teries (Video 2). Given the history of atezolizumab
treatment and the concomitant diagnosis of immune-
related pneumonitis, cardiac magnetic resonance
(CMR) was requested. CMR showed a nondilated left
ventricle (end-diastolic volume, 43 mL/m2; end-
systolic volume, 17 mL/m2) with a normal ejection
fraction (59%) and stroke volume (47 mL), and a
nondilated right ventricle (end-diastolic and end-
systolic volumes, 46 and 21 mL/m2, respectively)
with a normal right ventricular ejection fraction
(54%). CMR also confirmed improvement of apical
akinesia and revealed normal native T1 and T2 values
at the level of the midseptum and basal septum (1,173
and 37 ms, respectively) but a marked increase in the
native T1 and T2 values in the apical segments (1,419
and 50 ms, respectively), which confirmed extensive
apical edema (Figures 2A and 2B). These findings
suggested stress cardiomyopathy. Late gadolinium
enhancement (LGE) was not performed because of
the patient’s advanced chronic kidney disease, and
given the previously mentioned findings, it was not
deemed necessary at that point to make a definitive
diagnosis.
T Waves in Precordial Leads
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FIGURE 2 Cardiac Magnetic Resonance T1 and T2 Mapping

(A) Cardiac magnetic resonance T1 mapping showed normal native T1 values at the level of the midseptum and basal septum (1,173 ms), with a

marked increase in the native T1 values in the apical septum (1,419 ms). (B) Normal native T2 values in the midseptum and basal septum

(37 ms), but increased native T2 values in the apical septum (50 ms). These findings are consistent with apical edema.
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MANAGEMENT

Heart failure treatment, including b-blockers,
angiotensin-converting enzyme inhibitors, and
dapagliflozin, was initiated, as well as gradual corti-
costeroid tapering. The patient evolved favorably
from the cardiologic and respiratory points of view.
At discharge, laboratory tests showed normal hs-TnI
levels and a significant decrease in NT-proBNP (915
pg/mL). A transthoracic echocardiogram showed
normal left ventricular function and resolution of
apical akinesia. Atezolizumab was temporarily
discontinued.

DISCUSSION

ICIs have shown important benefits in the treatment
of many malignant diseases. Despite the demon-
strated clinical efficacy of these agents, activation
of the immune system by immunotherapies can
cause immune-related adverse events (irAEs). IrAEs
can involve any system, and most irAEs resolve
successfully with immunosuppression and cessation
of ICI treatment. Immune-related cardiovascular
toxicity, although less common, can be associated
with high morbidity and mortality rates. The most
frequently reported clinical manifestation is
myocarditis; however, other manifestations, such as
arrhythmia, ACS, or stress-induced cardiomyopathy,
have been reported and should be taken into ac-
count when considering the differential diagnosis.1

Stress cardiomyopathy or takotsubo cardiomyopa-
thy is a relatively rare and reversible form of cardio-
myopathy. The clinical presentation mimics that of
acute myocardial infarction. The diagnosis is sus-
pected in the absence of obstructive coronary artery
disease and can be confirmed by the demonstration of
a regional left ventricular wall motion abnormality
that is reversible.2 Emotional or physical stressors are
often present, although not always. The Task Force
on Takotsubo Syndrome of the Heart Failure Associ-
ation of the European Society of Cardiology proposes
the following diagnostic criteria: transient regional
wall motion abnormalities of right or left ventricular
myocardium (preceded or not by a stressful trigger)
that extend beyond a single epicardial vessel distri-
bution, absence of culprit atherosclerotic coronary
artery disease, new and reversible ECG abnormalities
during the acute phase, relatively small elevation in
cardiac troponin, and recovery of ventricular systolic
function on cardiac imaging at follow-up.3

Takotsubo syndrome has been described in pa-
tients with cancer who were treated with ICIs, with an
estimated incidence of 0.03%.4 In a review of the
World Health Organization global database of safety
reports, 13 cases of stress cardiomyopathy were
identified among patients treated with ICIs.4 How-
ever, few cases of stress cardiomyopathy triggered by



TABLE 1 Recent Reported Cases of Stress Cardiomyopathy

First Author ICI Therapy
Echocardiogram on

Admission CMR Treatment
Echocardiogram
During Follow-Up ICI Rechallenge

Ederhy et al7 Nivolumab/
ipilimumab

LVEF, 40%
Apical akinesis

No LGE
Normal T2-mapping value

Methylprednisolone,
1 g/d

LVEF, 50%
Resolution of apical akinesis

Not specified

Ederhy et al7 Nivolumab LVEF, 40%
GLS, �8.7%
Medial and basal

segments’ akinesis

Increased T2-mapping value Methylprednisolone,
1 g/d

ACE inhibitors and
beta-blockers

LVEF, 60%
GLS, �15%
Resolution of apical akinesis

Not specified

Oldfield et al8 Nivolumab/
ipilimumab

LVEF, 50%
Apical akinesis

No LGE Not specified LVEF, 66%
Resolution of apical akinesis

Recurrent cardiac
adverse events

Tan et al9 Nivolumab LVEF, 18%
Medial and apical akinesis

LGE consistent with
concomitant
myopericarditis

Methylprednisolone,
1 mg/kg every 12 h

LVEF, 56%
Resolution of apical akinesis

No further cancer
therapy
pursued

Serzan et al10 Nivolumab/
ipilimumab

Apical akinesis Increased T2 and T1-mapping
values

Diffuse LGE

Beta-blockers LVEF, 65%
Resolution of apical akinesis

Not specified

ACE ¼ angiotensin-converting enzyme; CMR ¼ cardiac magnetic resonance; GLS ¼ global longitudinal strain; ICI ¼ immune checkpoint inhibitor; LGE ¼ late gadolinium enhancement; LVEF ¼ left ventricular
ejection fraction.
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ICIs have been reported in the absence of other
stressful clinical situations or simultaneous car-
diotoxic treatments.5,6 Recent cases of stress cardio-
myopathy reported in the literature are summarized
in Table 1.7-10

Whether stress cardiomyopathy results from direct
or indirect toxicity of ICIs is unknown. It has also
been suggested that this condition may result from
late toxicity from previous cycles of chemotherapy.
Research is needed to determine the mechanisms that
lead to this presentation.11,12

The differential diagnosis should include ACS and
myocarditis, given the implications for management
and prognosis. Endomyocardial biopsy has tradition-
ally played a key role in the differential diagnosis,10

although the routine use of this procedure is limited
by its invasive nature and the need for expertise in
both performance and interpretation. Early cardiac
imaging is essential in the noninvasive diagnosis of
cardiovascular toxicity. CMR allows for detailed
anatomical visualization and accurate functional
assessment, and T1 and T2 myocardial mapping and
LGE provide detailed tissue characterization that of-
fers the potential for definitive diagnosis without
invasive testing.13 The typical findings in takotsubo
syndrome include high T1 and T2 signal intensity
(edema) and no LGE (when present, LGE is diffuse
and low density, and it usually resolves at follow-up).
In myocarditis, high T2 signal intensity (edema) and
LGE with a nonischemic distribution (often epicar-
dial) are the typical findings.3 We did not perform
gadolinium contrast-enhanced sequences because of
the patient’s stage 4 chronic kidney disease. In our
patient, CMR findings were consistent with stress
cardiomyopathy. The suspected diagnosis was
established, considering the finding of regional wall
motion abnormalities extending beyond a single
epicardial vessel distribution and the demonstration
of myocardial edema in a takotsubo pattern, absence
of coronary artery stenosis, ECG abnormalities, and
high NT-proBNP levels with a paradoxical low hs-TnI
peak, with no further endomyocardial biopsy needed.
Echocardiography and ECG in follow-up visits
confirmed the reversibility of regional wall motion
abnormalities and negative T waves, thus confirming
the diagnosis of takotsubo syndrome.

In patients with cancer, the 2022 European Society
of Cardiology guidelines on cardio-oncology recom-
mend coronary angiography and CMR to exclude ACS
and myocarditis, respectively, for the diagnosis of
takotsubo syndrome.14 Of note, the guidelines high-
light the importance of early cardiac imaging, given
the transient nature of left ventricular involvement.14

Treatment of stress cardiomyopathy is mainly
supportive, including stressor control. Interruption of
the culprit chemotherapy agent is recommended.14 In
ICI-associated takotsubo syndrome, the role of
immunosuppression is unknown; however, if CMR
shows myocardial inflammation in a takotsubo
pattern, guidelines recommend administering intra-
venous methylprednisolone,14 given the high overlap
between myocarditis and takotsubo and the high
morbidity and mortality of the former. Although most
often cardiomyopathy resolves with a mild clinical
course in a high percentage of cases, the in-hospital
mortality rate is 2% to 5%; death is mainly caused
by refractory cardiogenic shock or ventricular fibril-
lation.3 In our case, early initiation of corticosteroid
agents could explain the rapid resolution and the
mild clinical course, although the evidence is scarce.
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The decision to rechallenge patients with similar
agents after recovery should be individualized
because the evidence is limited. If rechallenge is
chosen, close cardiac monitoring is recommended.14

Our case is exceptional because stress cardiomy-
opathy secondary to ICIs is a rare entity and an un-
usual cause of heart failure in patients undergoing
cancer treatment. Diagnostic suspicion along with
early cardiac imaging and prompt immunosuppres-
sive treatment allowed avoiding more invasive diag-
nostic methods (eg, cardiac biopsy, which is
excessively aggressive in cancer patients and has a
high risk of procedure-related complications), thus
preventing progression of the disease and aiding
earlier and more complete recovery.

FOLLOW-UP

A new transthoracic echocardiogram was performed
1 month after discharge. It showed a normal left
ventricular ejection fraction (57.9%), normal GLS
(�21%), and no regional wall motion abnormalities
(Video 3). The ECG during this visit was normal.

Considering the final diagnosis of stress cardio-
myopathy, the patient’s preferences, and the
normalization of cardiac function, the multidisci-
plinary team decided to continue atezolizumab,
with regular cardiac biomarker monitoring and close
cardiology follow-up. No new cardiovascular
events of interest have occurred 6 months after
discharge.

CONCLUSIONS

ICIs have led to improved prognosis in several can-
cers, but cardiovascular irAEs can be serious. In pa-
tients at risk of cardiotoxicity, close cardiac
monitoring is recommended. When cardiotoxicity is
suspected, early cardiac imaging is often helpful in
diagnosis and allows early initiation of treatment.
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