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Rapid Extracorporeal
Membrane Oxygenation
Overcomes Fulminant
Myocarditis

Induced by 5-Fluorouracil

http://dx.doi.org/10.14503/THIJ-15-5100

Fulminant myocarditis is a rare but potentially life-threatening illness caused by 5-fluoroura-
cil cardiotoxicity. Data supporting the use of extracorporeal membrane oxygenation for the
treatment of fulminant myocarditis are limited.

A 49-year-old, previously healthy white man, recently diagnosed with anal squamous
cell carcinoma, developed severe chest pain hours after completing his first 96-hour
intravenous 5-fluorouracil treatment. Over a period of 3 days from onset of symptoms,
the patient developed cardiogenic shock secondary to fulminant myocarditis induced by
5-fluorouracil cardiotoxicity. This required emergency initiation of extracorporeal mem-
brane oxygenation. The patient’s systolic function recovered by day 5, and on the 17th
day he was discharged in hemodynamically stable condition, without symptoms of heart
failure.

This case shows the importance of prompt recognition of cardiogenic shock secondary
to 5-fluorouracil-induced myocarditis and how the immediate initiation of extracorporeal
membrane oxygenation can restore adequate tissue perfusion, leading to myocardial re-
covery and ultimately the survival of the patient. (Tex Heart Inst J 2016;43(2):178-82)

hemotherapy regimens based on 5-fluorouracil (5-FU) are frequently admin-

istered in the treatment of gastrointestinal malignancies—especially colorectal

carcinomas."” Fulminant myocarditis is a rare but potentially life-threatening
illness caused by 5-FU cardiotoxicity.** Commonly presenting as chest pain, cardiac
toxicity has manifestations that can include ischemic changes evident upon electrocar-
diography (ECG), and arthythmias, myocardial infarction, heart failure, cardiogenic
shock, and sudden death, with higher incidences in patients who have existing cardiac
disease.” Although salvage extracorporeal membrane oxygenation (ECMO) has been
used successfully to treat various forms of cardiogenic shock, no data exist for the use
of ECMO in the treatment of 5-FU-induced myocarditis. We report a case in which
ECMO rescued a patient who was in cardiogenic shock resulting from 5-FU-associ-
ated fulminant myocarditis.

Case Report

In May 2014, a 49-year-old white man with newly diagnosed anal squamous cell
carcinoma was being treated with combination therapy: radiotherapy, 5-FU, and
mitomycin-C. At the start of chemotherapy, he had excellent exercise capacity and
no history of cardiac disease to our knowledge. Hours after completing the first cycle
of intravenous 5-FU treatment, the patient developed severe chest pain and presented
at our emergency room.

Upon arrival, the patient was alert, oriented, and hemodynamically stable, with a
heart rate (HR) of 100 beats/min and a blood pressure (BP) of 100/70 mmHg. An
ECG revealed diffuse ST-segment elevations (Fig. 1), and laboratory data included
an elevated troponin I level (0.79 ng/mL). He was diagnosed with an ST-segment-
elevation myocardial infarction and was transferred to the cardiac catheterization
laboratory on an emergency basis.

Coronary angiography revealed occlusion of the right coronary artery, which was
well collateralized by the left anterior descending coronary artery (Fig. 2), and the
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absence of any other obstructive lesions. Left ventricu-
lography revealed global hypokinesis (Fig. 3), with a
left ventricular ejection fraction (LVEF) of 0.10 to 0.15
and a left ventricular (LV) end-diastolic pressure of 48
mmHg. An intra-aortic balloon pump (IABP) was in-
serted on an emergency basis. Subsequently, the patient
developed a ventricular tachycardia, which required
electrical defibrillation. Spontaneous circulation was
restored, but the patient remained in cardiogenic shock,
needing endotracheal intubation and multiple vasopres-
sors. Despite aggressive resuscitation, the patient was
cold, mottled, acidotic (pH, 7.1), and hemodynamically
unstable (BP, 72/46 mmHg).

Extracorporeal Membrane Oxygenation

Percutaneous venoarterial ECMO was quickly initiated
for hemodynamic support. The left common femoral
artery and vein were cannulated simultaneously with

25 s

Fig. 1 Electrocardiogram at presentation shows diffuse
ST-segment elevation.

Fig. 2 Coronary angiogram shows occlusion of the right
coronary artery, which is well collateralized by the left anterior
descending coronary artery.

heparin-coated 17F and 21F cannulas, respectively, and
support was initiated at a pump flow-rate of 3 L/min.
The patient’s mottling resolved, his extremities were
warm to the touch, and his vital signs stabilized (HR,
70 beats/min; BP, 110/59 mmHg; and pH, 7.3). Stan-
dard ECMO protocols for coagulation, monitoring,
and sedation were followed. Echocardiograms obtained
12 hours after starting ECMO again indicated severe
biventricular hypokinesis (LVEF, <0.10) (Fig. 4).

Fig. 3 Left ventriculogram shows global hypokinesis at the time
of cardiac catheterization, before the initiation of extracorporeal
membrane oxygenation.

Supplemental motion image is available for Figure 3.

Fig. 4 Echocardiogram shows severe biventricular hypokinesis
12 hours after the initiation of extracorporeal membrane oxygen-
ation.

Supplemental motion image is available for Figure 4.
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ECMO Day 1. Three hours after cannulation for
ECMO, distal malperfusion in the left lower extremity
was detected. An antegrade 5F sheath was placed in the
left common femoral artery via cutdown, but ischemia
persisted.

ECMO Days 2—4. Over the ensuing 48 hours, the pa-
tient remained on full ECMO and IABP support, and
vasopressors were discontinued as he improved hemo-
dynamically. By hospital day 4, cardiac function, evalu-
ated by means of serial transthoracic echocardiography,
showed gradual improvement, and right ventricular
(RV) and LV function normalized (LVEF, 0.55—-0.60).
On day 4, the IABP was removed and an ECMO wean-
ing trial was initiated by gradually reducing ECMO
flow under echocardiographic guidance.

ECMO Day 5. The patient manifested normal RV
and LV systolic function (LVEF, 0.55-0.60) in the ab-
sence of hemodynamic support (Fig. 5). His vital signs
were stable (HR, 93 beats/min; BP, 136/65 mmHg; and
pH, 7.4), and he was decannulated and extubated.

Continuation of Care. The patient ultimately needed
a left above-the-knee amputation on the 12th day of ad-
mission. He recovered uneventfully and was discharged
on the 17th day to a rehabilitation center in stable car-
diac condition, without symptoms of heart failure.

At the 8-month follow-up examination, repeat echo-
cardiograms showed preserved LVEF (0.55-0.60) and
normal cardiac function. Although the amputation
healed well, the patient was unable to use a prosthesis
because of severe pain in the perineal region from the
rectal tumor. He underwent a radical excision of the
tumor in January 2015 and was expected to recover fully.

Fig. 5 Echocardiogram shows normal ventricular function on
day 5 after discontinuation of extracorporeal membrane oxygen-
ation.

Supplemental motion image is available for Figure 5.
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Discussion

A pyrimidine analog antimetabolite that interferes with
DNA and RNA synthesis to inhibit cellular growth,
5-FU is used in the treatment of various solid tumors,
including breast, anal, and colorectal cancer.*? We show
that prompt recognition of cardiogenic shock from
fulminant myocarditis secondary to 5-FU cardiotoxic-
ity—followed by the initiation of ECMO on an emer-
gency basis—can provide adequate tissue perfusion and
thereby an opportunity for myocardial recovery after
discontinuation of 5-FU.

Cardiovascular abnormalities secondary to 5-FU
treatment, such as myocardial ischemia and heart fail-
ure, have been reported.>” The exact mechanism is
currently unclear, but the authors of a systematic re-
view’ have proposed multifactorial underlying causes,
including endothelium-dependent and -independent
pathways, direct myocardial damage from cytotoxic
effects, induction of apoptosis, rheological side effects,
and the production, during drug storage, of cardiotoxic
metabolite precursors (for example, fluoroacetate).*"
Animal models of 5-FU cardiotoxicity have manifested
apoptosis of myocytes, endothelial cells, or both, which
gives rise to clinical presentations similar to that of myo-
carditis.”

The toxicity of 5-FU is dependent on the duration
of treatment, on the rate of administration, or both;
continuous infusions have higher incidences than do
bolus regimens."*' Pre-existing cardiac disorders are risk
factors for future 5-FU cardiotoxicity.” A multicenter
prospective study, designed to identify risk factors for
the development of 5-FU-related cardiotoxicity among
patients receiving continuous infusions of 5-FU, found
that 3% of patients who received the first course of
5-FU chemotherapy presented with symptoms of acute
decompensated heart failure.”®

In the case described here, underlying (and undiag-
nosed) coronary artery disease and continuous infusion
of 5-FU accentuated our patient’s risk of cardiotoxic-
ity. Although this current case lacks histopathologic
evidence, numerous other factors are consistent with a
clinical diagnosis of fulminant myocarditis: acuity of
presentation in an otherwise heart-healthy individual;
clinical manifestation of chest pain, coupled with dif-
fuse ST-segment elevations on ECG; moderate tropo-
nin-level elevations despite hours of sustained chest
pain; severe global hypokinesis; rapid progression to
cardiogenic shock; and complete recovery of myocardial
function after discontinuation of 5-FU.

Further, the patient was treated with a combined
regimen of 5-FU and mitomycin-C. The role of mi-
tomycin as a drug capable of cardiotoxicity has been
reported; the odds are highest when the drug is used in
high doses, or after a median of 3 dose cycles, or when
administered to a patient with a history of doxorubicin
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therapy.” None of these situations pertained to our pa-
tient. A relationship between mitomycin and myocardi-
tis, independent or in combination with 5-FU, has been
observed, but rarely.

Fulminant myocarditis is a life-threatening medical
emergency, with a mortality rate of 25% to 39% .7
However, patients who survive the acute phase of ful-
minant myocarditis are more likely to recover fully
than are those who experience nonfulminant acute
myocarditis.”?'

The Need for ECMO. The prominence of circulatory
support techniques in successfully treating patients with
fulminant myocarditis has been investigated.**** In a
retrospective analysis of 105 patients treated with per-
cutaneous cardiopulmonary support, Shirakabe and
colleagues® noted that early recognition of the indica-
tion for ECMO was one of the important predictors
of reduced morbidity and mortality rates, especially in
patients with fulminant myocarditis. In our patient,
prompt recognition of cardiogenic shock secondary to
fulminant myocarditis led to the following events: the
immediate initiation of ECMO, adequate tissue perfu-
sion, myocardial recovery, and (ultimately) the survival
of the patient.

Although myocarditis has been reported as an adverse
effect of 5-FU toxicity, the topic has not been sufficiently
studied to establish the rates of incidence and mortal-
ity.**** The case presented here is perhaps the first to
show clinical evidence of an association between 5-FU-
induced fulminant myocarditis and successful resolution
of that condition with immediate ECMO support.

Conclusion

This case shows that full myocardial recovery is possible
in patients who present with cardiogenic shock from ful-
minant myocarditis induced by 5-FU cardiotoxicity.
One must recognize the causal association promptly
and maintain adequate tissue perfusion and oxygen-
ation. We propose that ECMO be considered in such
patients with life-threatening, but temporary, cardiac
dysfunction.
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