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A case of fulminant myocarditis treated with very long-term support
by cardiopulmonary support system
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A B S T R A C T

Fulminant myocarditis (FM) sometimes causes severe left ventricular dysfunction and lethal

arrhythmias leading to cardiogenic shock and critical conditions. Thus, mechanical circulation support

with intra-aortic balloon pumping and/or a cardiopulmonary support system (CPS) is sometimes needed

to save lives. The special recommended therapies for FM for that classified as class I (evidence level C) in

the guidelines of the Japanese Circulation Society are intra-aortic balloon pumping, CPS, percutaneous

cardiac pacing, and a left ventricular assist device (LVAD), and they are well established in evidence-

based medicine. We experienced a case of FM that we were able to save by long-term stable CPS support.

Because, unfortunately, the LVAD was not commercially available in Japan at that time, intensive

treatments including CPS were continued in our hospital. Finally, a good course of the illness was

achieved without any adverse complications. Thus, these intensive treatments in the present case may

be one of the optional effective strategies for FM, especially in hospitals and/or countries where the LVAD

is not (commercially) available, and when an LVAD may not be suitable because of complications

associated with infectious disease.

<Learning objective: Intensive treatment including cardiopulmonary support system as in this case

may be one of the optional effective strategies for fulminant myocarditis, especially in hospitals and/or

countries where left ventricular assist devices (LVAD) are not (commercially) available, and when an

LVAD may not be suitable because of complications associated with infectious disease.>

� 2016 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Fulminant myocarditis (FM) sometimes causes severe left
ventricular dysfunction and lethal arrhythmias leading to cardio-
genic shock and critical conditions [1,2]. Thus, mechanical
circulation support with intra-aortic balloon pumping (IABP)
and/or a cardiopulmonary support system (CPS) is needed to save
lives. Here, we report a case of FM treated with long-term support,
of more than 332 h, by CPS in order to save a patient with FM.
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Case report

A 65-year-old female (height 156 cm, body weight 56 kg, body
surface area 1.51 m2) was admitted to our hospital with a chief
complaint of a high fever and general fatigue. She was diagnosed
with a common cold by her previous doctor. Her blood pressure was
116/72 mmHg, white cell count 5300/ml with 87% neutrophils,
C-reactive protein 13.34 mg/dl, and creatinine kinase (CK) 379 IU/L.
The electrocardiogram (ECG) showed mild ST elevation in leads
V1–5 (Fig. 1A). The transthoracic echocardiography (TTE) revealed
no wall motion abnormalities (Fig. 2A). However, on admission,
she complained of chest discomfort with hypotension. Moreover,
the ECG exhibited ST elevation in leads V1–5 with complete
atrioventricular block and wide QRS intervals (Fig. 1B). Emergent
coronary angiography (CAG) revealed normal coronary trees, and
the left ventriculogram and TTE showed diffuse severe hypokinesis
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Fig. 1. The electrocardiogram received from the previous doctor (A), on admission (B), and on day 3 (C).

Fig. 2.
The M-mode (A–C) transthoracic echocardiogram received from the previous doctor (A), on admission (B), and on day 18 (C). IVS, interventricular septum; PW,

posterior wall; LVDd, diastolic left ventricular diameter; LVDs, systolic left ventricular diameter; LVEF, left ventricular ejection fraction.
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with a left ventricular (LV) ejection fraction (EF) of 11% (Fig. 2B).
Thus, acute myocarditis was diagnosed. Because of her stable
hemodynamic condition, we did not insert IABP for this patient
then. However, 4 days after the occurrence of clinical symptoms,
ventricular tachycardia occurred (Fig. 1C), and she fell into
cardiogenic shock. Intensive treatment with intravenous adminis-
tration of catecholamines and amiodarone, percutaneous cardiac
pacing, IABP, CPS, and mechanical ventilation were immediately
started to maintain her hemodynamic condition. Moreover, the
intravenous administration of gamma globulin (Venoglobulin IH,
Welfide, Co., Osaka, Japan; 50 g per day for 2 days) and continuous
hemodiafiltration (CHDF) to relieve the cytokines were also
performed. Because of her unstable hemodynamic condition, no
myocardial biopsies were performed. Furthermore, because she
was complicated with a bacteremia and an anemia, the antibiotics
and blood transfusion with a total of 32 units of red cell
concentrates were needed. After that intensive treatment, her
condition gradually, but slowly, improved. Finally, her left
ventricular (LV) wall motion normalized with an ejection fraction
(EF) of 65% (Fig. 2C), and it was possible to wean her from CPS after
long-term CPS support, of more than 332 h. However, because of the
oozing bleeding from the wound after CPS was removed, IABP was
not removed. After we confirmed discontinuation of the oozing
bleeding, IABP was removed after long-term support of more than
524 h. Fortunately, we never needed to exchange the circuit of the
artificial lung for the CPS. Before her discharge, her gadolinium-
enhanced cardiac magnetic resonance imaging (Fig. 3A) on day
53 and cardiac myocyte biopsies from the LV (Fig. 3B–E) on day
66 showed compatible findings for FM. The maximum CK was
1609 IU/L on day 4, and the eosinophilia in peripheral blood was not
seen. She was discharged on day 90 on foot and remains well
without any symptoms under medical therapies with renin–
angiotensin system inhibitor, b-blocker, aldosterone blocker, and
diuretics (Fig. 4).

Discussion

FM is characterized by a critical myocarditis with an acute onset
of a severe hemodynamic compromise and the necessity for
extracorporeal support of the circulation [1,2]. Moreover, its
frequency and mortality are 10% of acute myocarditis [3] and 43%
during hospitalization [4], respectively. Although the efficacies of



Fig. 3.

The T2-weighted imaging of the gadolinium-enhanced cardiac magnetic resonance imaging (A) showing a high signal gadolinium late enhancement and stain of

the tissue in a part of the right ventricle and left ventricular posterior wall. Histopathological specimens from the inflammatory left ventricular myocardium with

hematoxylin–eosin staining (B of 500 and D of 200 magnifications, respectively) showing the difference in the size of the myocardial cellular nuclei and

eosinophilic changes in the cytoplasm and the invasion of the mononucleosis in the stroma (white arrows). Immunohistochemical staining (C of 500 and E of

200 magnifications, respectively) showing the monocytes indicating a positive leukocyte common antigen as a brown color (black arrows), positive CD3 of the T

cellular marker, and negative CD20 of the B cellular marker. Bars in B, C, D, and E indicate 20 mm.

Fig. 4.
The clinical course of this patient. LVEF, left ventricular ejection fraction; BP, blood pressure; NM, could not be measured; CPS, cardiopulmonary support; IABP,

intra-aortic balloon pumping; CHDF, continuous hemodiafiltration; PM, pacemaker implantation; MV, mechanical ventilation; DOA, dopamine; DOB,

dobutamine; NAD, noradrenaline; RAS, renin–angiotensin system; ALD, aldosterone.
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the supporting treatments for FM, including steroid pulse
treatment [1,5], high-dose intravenous g-globulin infusions
[1,6], and CHDF [7] are controversial, it appeared to be effective
in the present case. The specially recommended therapies for FM in
those classified as class I (evidence level C) in the guidelines of the
Japanese Circulation Society are IABP, CPS, percutaneous cardiac
pacing, and LV assist devices (LVADs) [8], and they are well
established in evidence-based medicine. Because, unfortunately,
the LVAD was not commercially available in Japan at that time,
intensive treatment including CPS was continued in our hospital.
The important problems with the long-term treatment with CPS
are as follows: (1) insufficient blood flow from the CPS leading to
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the progression of multiple organ failure (MOF); (2) an increasing
afterload leading to LV stress and pulmonary congestion; (3)
thrombus formation leading to thromboembolisms; and (4) the
span of the life of the artificial lung of the CPS [4]. In order to
avoid these problems, a comparably low supporting flow rate of
2.5 L/min for the CPS [9], which was the minimal flow rate to
maintain the oxygen supply to the organs, and a minimal increase
in the afterload for the LV were performed. Moreover, the
strict maintenance of the activated coagulation time at more than
150 s was also performed to prevent thromboembolisms and to
protect the artificial lung of the CPS. Finally, she was able to have a
good course of the illness without any adverse complications after
the long-term support of more than 332 h on the CPS. Several
papers have reported cases of FM treated with long-term support,
but less than the 332 h in the present case, by CPS [10–12]. These
reports also insisted on the importance of avoiding progression of
MOF, thrombus formation, and complications with infectious
disease. Moreover, recent reports have shown that the suitable
clinical predicting factors to survive after CPS in patients with
cardiovascular disease are as follows: (1) age <50 years; (2)
diagnosis of FM; (3) no out-of-hospital cardiac arrest; (4) CPS
attempted before cardiac arrest; and (5) time from cardiac arrest to
CPS <45 min [13], and the importance of the longer interval (more
than 4 days) from occurrence of clinical symptoms associated with
FM to induction of CPS [12]. Three (2, 3, and 4) of 5 predicting
factors were satisfied, and the interval was 4 days in our present
case. Finally, IABP was removed after discontinuation of the oozing
bleeding for longer-term support, of more than 524 h. The point
that we should reflect in the present case is that we should have
inserted IABP at an earlier stage, especially when we documented
low LVEF of 11%, probably contributing to early recovery of FM. To
the best of our knowledge, there have been no reports of long-term
support, such as 332 h, using CPS for FM in an old woman as in the
present case. In view of these findings, the intensive treatment in
the present case may be one of the optional effective strategies for
FM, especially in hospitals and/or countries where the LVAD is not
(commercially) yet available, and when an LVAD may not be
suitable because of complications associated with infectious
disease.
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