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Background Cardiovascular events have been reported to occur in one in five patients receiving chimeric antigen receptor T-cell (CAR-T) ther
apy. Commonly reported effects including cardiomyopathy, heart failure, myocardial infarction (MI), and arrhythmia. Here, we pre
sent a novel case of a patient who developed acute ST segment elevations during CAR-T cell infusion.

Case summary A 76-year-old man with diffuse large B cell lymphoma was admitted for an investigational CD-19 directed, autologous CAR-T cell 
therapy. Less than 5 min into the CAR-T cell infusion, he developed severe chest pain, dyspnea, flushing, hypotension, and tachy
cardia. Electrocardiogram (EKG) showed inferior ST elevations and reciprocal lateral ST depressions. Emergent coronary angiog
raphy revealed mild non-obstructive coronary disease. ST segment changes and patient symptoms resolved after catheterization.

Discussion Given the complete resolution of symptoms and EKG abnormalities in the context of non-obstructive coronary artery disease, this 
clinical presentation was thought to be most consistent with ST elevation MI due to coronary vasospasm. The mechanism of this 
vasospasm is as yet not understood and may be related to an anaphylactic reaction or a cardiotoxicity related to the cell therapy 
agent. As the use of CAR-T therapy continues to expand, there is a need to further characterize the full spectrum of its cardiotoxic 
effects.
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Learning points
• Chimeric antigen receptor T-cells (CAR-T) are genetically engineered T-cells that express a surface receptor which redirects a T-cell to

wards a tumor-associated antigen.

• Cardiovascular events are common in patients receiving CAR-T cell therapy and can include cardiomyopathy, heart failure, myocardial in
farction (MI), and arrhythmias.

• Ischemia can occur in patients receiving CAR-T and may be attributable to various mechanisms including coronary vasospasm.
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Introduction
Chimeric antigen receptor T-cell (CAR-T) therapy targeting CD-19 is 
the first Food and Drug Administration approved cell-based gene ther
apy. CAR-T are genetically engineered autologous or allogeneic T-cells 
that stably express a surface receptor which redirects a T-cell towards a 
tumor-associated antigen.1 The most prevalent toxicities associated 
with CAR-T therapy include cytokine release syndrome (CRS), a sys
temic inflammatory reaction due to cytokine release by activated 
CAR-T cells, and immune effector cell-associated neurotoxicity syn
drome. Additionally, cardiovascular events have been reported to oc
cur in one in five patients receiving CAR-T cell therapy, and are 
associated with high-grade CRS.2,3 Commonly reported effects include 
cardiomyopathy, heart failure, myocardial infarction (MI), and arrhyth
mia.4 We present a novel case of a patient who developed acute ST seg
ment elevations during CAR-T cell infusion likely secondary to 
coronary vasospasm.
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Time zero Initiation of CAR-T infusion

4 min after infusion start Patient develops symptoms concerning for 

acute coronary syndrome as well as 

hypotension and tachycardia.
10 min after infusion 

start

EKG shows inferior ST elevations.

10–50 min after infusion 
start

Patient receives aspirin 325 mg, intravenous 
heparin, sublingual nitroglycerin, and 

morphine. Due to concern for an acute 

infusion reaction, also receives 
diphenhydramine, famotidine, Epi-pen, and 

1L of normal saline. Started on an 

epinephrine infusion for hypotension.
2 h after infusion start Emergent coronary angiography shows 

nonobstructive coronary artery disease.

1 h post-catheterization Post-catherization EKG shows resolution of 
ST changes. Patient symptoms have 

resolved.

2 days after infusion Re-evaluated by outside cardiologist. Started 
on diltiazem 60 mg twice daily and aspirin 

81 mg daily.

1.5 weeks after infusion Decision is made not to re-challenge the 
patient with CAR-T therapy. Diltiazem is 

discontinued.

2 weeks after infusion At oncology follow up, outpatient oncologist 
confirms the decision not to re-challenge 

the patient with CAR-T therapy.

Case presentation
A 76-year-old man with stage IV intraorbital diffuse large B cell lymph
oma with disease progression despite R-CHOP, RICE, ibrutinib, and ra
diation, was admitted for an investigational CD-19 directed, autologous 
CAR-T cell therapy. The patient had no known cardiovascular disease 

and was not taking any cardiac medications. He had a 50-year smok
ing history but quit >10 years prior and was otherwise active at 
baseline with no history of dyslipidemia, diabetes, obesity, or stroke. 
His baseline ECG and echocardiogram prior to initiation of CAR-T 
therapy showed sinus bradycardia, normal biventricular ejection 
fraction, and grade I diastolic dysfunction. He received polatuzumab 
as a bridging therapy to CAR-T and received standard lymphodeple
tion with cyclophosphamide 300 mg/m2 and fludarabine 30 mg/m2. 
Less than 5 min into the CAR-T cell infusion, after receiving 0.8 
out of 2.2 mL of cell product, he developed severe chest pain, dys
pnea, nausea and vomiting, generalized body aches, flushing, and tin
gling. His blood pressure was 66/47 mmHg, heart rate 130 beats per 
minute, and temperature 36.4°C. Electrocardiogram (EKG) showed 
inferior ST elevations with reciprocal lateral depressions (Figure 1). 
He subsequently received aspirin 325 mg, intravenous heparin, sub
lingual nitroglycerin, and morphine. Due to concern for an acute in
fusion reaction, he was given diphenhydramine, famotidine, Epi-pen, 
and 1L of normal saline. Initial fourth-generation troponin I was nor
mal (upper limit of normal is <0.02 ng/mL). Epinephrine infusion was 
started for hypotension.

Emergent coronary angiography revealed mild non-obstructive 
coronary disease with ≤30% stenosis in all vessels and TIMI 3 
flow (Figure 2, Supplementary material online, Videos A and B). 
Post-catheterization EKG showed normal sinus rhythm with reso
lution of ST segment changes. The patient’s symptoms completely 
resolved after catheterization, and he remained hemodynamically 
stable post-catheterization with no pressor requirement. High sen
sitivity troponin I trended from 656 to 883 to 425 ng/L (upper limit 
of normal ≤58 ng/L). One day after the acute reaction, an echocar
diogram showed mildly reduced left ventricular ejection fraction of 
52%, normal right ventricular function, and no regional wall motion 
abnormalities. Given the complete resolution of symptoms and 
EKG abnormalities in the context of non-obstructive coronary ar
tery disease, the patient’s clinical presentation was thought to be 
most consistent with ST elevation MI due to coronary vasospasm. 
Diltiazem was added to prevent recurrent vasospasm with re- 
initiation of CAR-T, but was discontinued after the decision was 
made not to rechallenge the patient with CAR-T given the signifi
cant cardiac risks. The patient was subsequently started on meto
prolol for cardiomyopathy and was maintained on aspirin 81 mg 
daily for non-obstructive coronary artery disease.

Discussion
Cardiotoxicity occurs in a significant proportion of patients receiv
ing CAR-T cell therapy. A recent study of 202 CD-19 CAR-T pa
tients found that occurrence of MI, heart failure, or cardiogenic 
shock was independently associated with an increased risk of mor
tality.5 MI occurred in 5% of patients, although none were noted 
during infusion. Another study of 137 patients receiving CAR-T 
therapy found that 12% developed a cardiovascular event (cardio
vascular death, decompensated heart failure, or arrhythmia), 57% 
of tested patients had an elevated troponin, and 28% of patients 
with echocardiograms had newly reduced left ventricular ejection 
fraction.4 Notably, all of the above adverse effects occurred in pa
tients with CRS grade 2 or higher. Proposed mechanisms for 
CAR-T-related cardiotoxicity include acute-phase physiologic 
changes due to IL-6 mediated inflammation resulting in impaired 
vascular resistance, systemic fluid retention and myocardial injury. 
Additional mechanisms may include off-target cross-reactivity of 
CAR-T cells for striated muscle-specific protein titin (as seen in 
earlier constructs),6 or cardiotoxic effects of a lymphodepletion 
regimen that includes cyclophosphamide. Given the significant 
risk of cardiovascular events following CAR-T therapy, careful pre- 
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treatment cardiac risk stratification and optimization should be 
undertaken.7

In contrast to prior reports of CAR-T-associated cardiotoxicity, 
this patient’s presentation occurred outside the context of clinical 
CRS given the immediate onset of symptoms and absence of fever. 
The timeline of symptom onset within minutes may point away 
from a direct effect of the CAR-T cell product, which has been 
found in pharmacokinetic studies to have a maximum expansion 
time of 10 days.8 Alternatively, the acute symptoms of flushing ac
companied by hypotension, tachycardia, dyspnea, nausea, and vo
miting could represent an anaphylactic reaction to the CAR-T 
infusion. Anaphylaxis has been previously reported in a patient re
ceiving a mesothelin-targeted investigational CAR-T cell therapy, 

but did not occur until the third infusion.9 Acute coronary syn
dromes including coronary vasospasm have been described to oc
cur secondary to anaphylaxis in the phenomenon termed Kounis 
syndrome, via a mechanism of mast cell activation and cytokine 
release.10 Clinical presentations of Kounis syndrome vary widely 
but can include acute chest pain, ST segment changes, and troponin 
elevations as seen with this patient. It remains unclear whether the 
mechanism of coronary vasospasm in this setting was a direct effect 
of the CAR-T cell product or secondary to an anaphylactic reac
tion. Finally, another possible etiology includes myopericarditis, 
though this is less likely given the low elevation in inflammatory 
markers (CRP 0.74 mg/dL) and symptom resolution without 
anti-inflammatory agents such as corticosteroids. Though not 

Figure 1 Pre- and post-catheterization EKG. EKG before (top) and after (bottom) catheterization. Pre-catheterization EKG shows inferior ST eleva
tions with reciprocal lateral ST depressions. Post-catheterization EKG shows normal sinus rhythm with resolution of ST changes.
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performed in this case, intracoronary imaging techniques may 
aid diagnostically in cases of acute coronary syndrome by helping 
to better visualize culprit atherosclerotic lesions or non-atherosclerotic 
phenomena such as coronary artery dissection.

Other chemotherapies have also been implicated in coronary 
vasospasm, most commonly 5-fluorouracil. The proposed mechan
ism involves endothelial damage followed by thrombus formation, 
ischemia, and direct toxicity to the myocardium. A retrospective 
study found that patients with fluoropyrimidine-associated vaso
spasm are generally younger and have lower rates of traditional 
cardiovascular risk factors.11 Patients can be successfully rechal
lenged with the culprit drug to allow for planned chemotherapy 
completion with pre-treatment with long-acting nitrates and 
calcium channel blockers. The two lymphodepleting chemothera
pies that this patient received, cyclophosphamide and fludarabine, 
do not have well established associations with coronary vasospasm 
and are unlikely culprits in this presentation. Cyclophosphamide 
has historically been associated with left ventricular dysfunction, 
though a study found the incidence of this was decreased with 
newer dosing regimens.12

Conclusions
We report a case of acute coronary vasospasm in the setting of CAR-T 
cell infusion with rapid resolution of symptoms following supportive 
care. The mechanism of this vasospasm is as yet not understood and 
may be related to a patient-specific anaphylaxis reaction or a cardio
toxicity related to the agent. As the use of CAR-T therapy continues 
to expand to include new CAR-T formulations, second-line use, and 
additional cancer indications, there is a need to further characterize 
the full spectrum of its cardiotoxic effects.
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