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Background A recently indicated immunotherapy strategy, combined with mechanical circulatory support (MCS), seems to improve
outcomes in patients with fulminant giant cell myocarditis (GCM). However, characterizing a definitive clinical outcome of
this strategy remains challenging, and the autoimmunity associated with the onset of GCM remains controversial.

...........................................................................................................................................................................................................................
Case summary A 26-year-old man with poor control of atopic dermatitis and ulcerative colitis presented with cardiogenic shock requir-

ing MCS. He was diagnosed with fulminant GCM; hence, immunotherapy (including steroids and intravenous immuno-
globulin) was administered and an extracorporeal left ventricular assist device (LVAD) was needed. As the patient com-
plained of prominent fatigue and double vision before myocarditis onset, and acetylcholine receptor-binding antibody
titres were elevated, he was diagnosed with myasthenia gravis (MG). No anti-striational antibodies known to be associ-
ated with GCM in patients with MG were found in the patient’s serum. Cyclosporin-based immunosuppression under
LVAD therapy led to an almost complete resolution of his muscle weakness, intermittent ptosis, and cardiac dysfunction
along with the histopathological remission of GCM resulting in LVAD removal. He remained at home without recurrence
of GCM and worsening symptoms of MG over the 6-month period following discharge.

...........................................................................................................................................................................................................................
Discussion We describe a case of GCM with multiple autoimmune disorders, which recovered by treatment with early cyclosporin-

based immunosuppressive therapy under LVAD therapy. The present case suggests the involvement of unknown anti-
striational antibodies in the development of GCM in patients with MG and may provide information to guide a novel
therapeutic regimen for patients with fulminant GCM requiring mechanical circulatory support.
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Introduction

Giant cell myocarditis (GCM) is associated with various non-
cardiac autoimmune disorders and has been suggested to be
associated with some anti-striational antibodies that bind to the
heart muscle.1,2 Giant cell myocarditis is a fatal inflammatory
heart disease that has historically led to very high death rates or
cardiac transplantation.1,3 Although recent immunotherapy
strategies combined with mechanical circulatory support (MCS)
improve patient outcomes,4 the clinical course of this disease is
still challenging, particularly in patients with ventricular assist de-
vice.5 Concomitant autoimmunity conditions may correlate with
patient prognosis and therapeutic strategy selections.2 Herein,
we describe a case that had successful bridge to recovery in a pa-
tient with fulminant GCM presenting multiple non-cardiac auto-
immune disorders and unique autoimmunity status.

Timeline

Case presentation

A 26-year-old man with a 7-year history of ulcerative colitis (UC) and
a 2-year history of atopic dermatitis (AD) presented to our hospital
with fever and chest pain. He had been treated for UC with 5-amino-
salicylic acid (mesalamine, 4000 mg/day), but this regimen was erro-
neously disregarded based on his self-judgement 6 months before
admission. He had also refused topical steroid treatment and had
only been using a moisturizer to treat AD skin lesions; hence, his AD
was poorly controlled. On admission, he appeared visibly unwell and
presented with an unstable haemodynamic status. Laboratory results
suggested multiple organ failure (MOF), with aspartate aminotrans-
ferase level of 1299 U/I, alanine aminotransferase level of 1142 U/I,
creatinine level of 1.44 mg/dL, creatine kinase level of 3029 IU/L, and
creatine-MB isoenzyme level of 136 IU/L. Echocardiography revealed
a severely reduced left ventricular ejection fraction (LVEF) of 16%
(Figure 1A and B). After tracheal intubation, veno-arterial extracor-
poreal membrane oxygenation (VA-ECMO) and intra-aortic balloon
pumping (IABP) were initiated. He was presumptively diagnosed with
fulminant myocarditis with cardiogenic shock. On Day 2, VA-ECMO
and IABP were switched to an extracorporeal biventricular assist de-
vice (BiVAD) system under median sternotomy. Histopathological
examination of the endomyocardial biopsy on admission led to a
diagnosis of GCM (Figure 2A and B).

Steroid pulse therapy (intravenous methylprednisolone, with a
dose of 1000 mg/day for 3 days) and intravenous immunoglobulin
(IVIG, 5 g/day for 3 days) were administered. Following this, the pa-
tient was administered steroid therapy via oral prednisolone (60 mg
daily), which was subsequently reduced (see Figure 3). The patient’s
MOF gradually improved with the support of BiVAD; hence, on Day
5, right ventricular support was removed after extubation, and re-
habilitation was started with the remaining left ventricular assist de-
vice (LVAD) support. The patient complained of fatigue and double
vision during rehabilitation. Three months before the present

7 years prior Patient was diagnosed with ulcerative colitis.

2 years prior He was diagnosed with atopic dermatitis.

Admission He presented to our hospital with fever and chest.

His haemodynamic status was an unstable.

Veno-arterial extracorporeal membrane oxy-

genation and intra-aortic balloon pumping

(IABP) were initiated. Steroid pulse therapy and

intravenous immunoglobulin were administered.

He was diagnosed with giant cell myocarditis

(GCM).

Day 2 Veno-arterial extracorporeal membrane oxygen-

ation and IABP were switched to an extracor-

poreal biventricular assist device system.

Day 5 Right ventricular support was removed.

Day 18 He complained of fatigue and double vision during

rehabilitation. Acetylcholine receptor-binding

antibody titres were elevated at 6.3 nmol/L.

He was diagnosed with myasthenia gravis (MG).

Day 33 Combined immunosuppressive therapy

with cyclosporine and steroid was

started.

Continued

Learning points
• A modified immunotherapy regimen including aggressive cyclosporin-based immunosuppression combined with ventricular assist device

could achieve successful bridge to recovery in patients with fulminant giant cell myocarditis (GCM) accompanied by myasthenia gravis
(MG).

• Unknown anti-striational antibodies may affect the development of GCM in patients with MG.
• The activation of the autoimmune system in patients with multiple autoimmune disorders may be associated with the development of giant

cell cardiomyopathy.

Day 41 We performed left ventricular assist device re-

moval and concomitant extended thymectomy

for thymoma.

Day 91 He was discharged with an almost complete solu-

tion of GCM and MG.

6-month

follow-up

He remained at home without recurrence of

GCM and did not have worsening symptoms of

MG.

2 N. Yagi et al.
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..hospital admission, he was aware of intermittent ptosis. Physical
examination revealed weakness in all skeletal muscles and orbicularis
oculi muscles. Acetylcholine receptor (AchR)-binding antibody titres
were elevated at 6.3 nmol/L (Table 1). Computed tomography of the
chest did not reveal an apparent thymoma. Based on these findings,
the patient was diagnosed with myasthenia gravis (MG) without
thymoma. Oral prednisolone was tapered to 20 mg, and subsequent-
ly, cyclosporine (CYA) was started with a target trough level of 100–
150 ng/mL. These treatments led to an almost complete resolution
of muscle weakness, intermittent ptosis, and improved cardiac func-
tion with no infiltration of eosinophils or giant multinucleated cells.

On Day 41, we performed LVAD explantation and concomitant
extended thymectomy as a treatment for MG. In addition, high-dose
IVIG (25 g/day) was administered to prevent postoperative myas-
thenic crisis on Days 1–2 after LVAD explantation. Thymus hyperpla-
sia was not anatomically observed, and histopathological findings did
not show a thymoma (Figure 2C–E). Postoperatively, the patient
recovered uneventfully with normal neurologic and end-organ func-
tion, and follow-up biopsy on Day 80 showed improvement of the in-
flammatory component of his disease presentation, with no giant
multinucleated cells or injury (i.e. findings of resolving myocarditis)
(Figure 2F and G). His LVEF improved to 56% on Day 36 after the
LVAD explantation (Figure 1C and D). Regarding MG, he achieved
minimal manifestation status, and the AchR-binding antibody titres
gradually decreased. The patient was discharged on Day 91. During

his hospital stay, he achieved maintenance of remission in UC and
improved control in AD. He remained at home without recurrence
of GCM and did not have worsening symptoms of MG over the 6-
month follow-up period following discharge.

Discussion

Combined double- or triple-drug CYA-based immunosuppressive
regimens have been used with evidence of improvement in terms of
clinical remission and heart transplantation-free survival rates in
patients with GCM.6–8 However, since the early administration of
immunosuppressants may lead to MCS-related infections, which is
one of the critical complications occurring during MCS, they may
need to be cautiously prescribed in patients with fulminant GCM
requiring MCS. Our previous study reported poor clinical outcomes
in patients with fulminant GCM requiring LVAD. Specifically, all three
patients with fulminant GCM requiring extracorporeal LVAD treated
with single steroid therapy during LVAD support died; one of these
patients was prescribed CYA after LVAD explantation.3 The present
patient was successfully rescued from fulminant GCM by introducing
CYA after reducing his oral prednisolone dose to 20 mg/day while
wearing an extracorporeal LVAD. Thus, this case may provide valu-
able information regarding another option for immunotherapy regi-
mens in patients with GCM requiring LVAD.

Figure 1 Echocardiographic and electrocardiographic findings. (A) On the day of admission, an end-diastolic image and (B) an end-systolic image
on the parasternal long-axis view . Pericardial effusion was detected (indicated with a white arrow), and a thickened ventricular wall and severe bi-ven-
tricular dysfunction were observed. We observed a hypertrophied interventricular septum thickness and posterior left ventricular wall thickness of
11 and 15 mm, respectively, as well as a left ventricular ejection fraction of 16%. Left ventricular diameter was not enlarged; the left ventricular diastolic
diameter and left ventricular systolic diameter were 46 and 43 mm. (C) On postoperative Day 36 after left ventricular assist device removal, the end-
diastolic image and (D) the end-systolic image on the parasternal long-axis view are shown. Cardiac function and wall thickening improved to the nor-
mal range: left ventricular ejection fraction = 56%, interventricular septum thickness/posterior left ventricular wall thickness = 8/8 mm. The left ven-
tricular diastolic diameter and left ventricular systolic diameter were 51 and 33 mm. (E) At admission, electrocardiography is shown.

Successful bridge to recovery in a patient with fulminant GCM 3
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.The mechanism of the onset of GCM is not fully elucidated, but
its development may be associated with various non-cardiac auto-
immune disorders, such as MG, inflammatory bowel diseases, and
thyroid diseases.1,2,9 Our patient discontinued maintenance ther-
apy for several autoimmune diseases at the time of GCM onset,
such that the disease activities were not under control. The clinic-
al course of the present patient may suggest a meaningful associ-
ation between the activation of autoimmunity and the
development of GCM.

With respect to the association between MG and GCM, Suzuki et
al.2 described that all patients with MG who developed myocarditis
were complicated with thymoma and seropositive to the anti-
muscular voltage-gated potassium channel (Kv1.4) antibody; this is
one of the anti-striational antibodies that bind to the heart muscle. In
the present patient, no muscle-related antibodies, including the
Kv1.4 antibody, were detected, and there was no thymoma in the
resected thymus. To our knowledge, this is the first report of the

development of fulminant GCM in MG patients despite the absence
of thymoma or any muscle-related antibodies and concomitant with
UC and AD.

The therapeutic strategy for GCM with consideration for con-
comitant autoimmune disorders has not been established yet.
Thymectomy is an effective treatment for MG with or without thym-
oma.9,10 However, a previous report, which was based on a small
number of cases, suggested that thymoma resection in MG may influ-
ence the secondary onset of GCM.11 In the present case, extended
thymectomy was safely performed as the treatment for MG at the
same time as the LVAD explantation under median sternotomy, and
recurrence of GCM was not observed.

We describe the case of a fulminant GCM patient requiring extra-
corporeal BiVAD with multiple autoimmune diseases who did not
show the known anti-striational antibodies associated with the onset
of GCM in MG patients. The patient successfully recovered after
early CYA-based immunosuppressive therapy and extended

Figure 2 Histopathological findings. (A and B) On the day of admission, the histological findings of the initial biopsy of the right ventricular septum
are shown. Diffuse myocardial necrosis with infiltration by lymphocytes, eosinophils, and multinucleated giant cells (indicated with a black arrow)
were observed (A: haematoxylin and eosin staining, scale bar 100mm; B: haematoxylin and eosin staining, scale bar: 20mm). (C–E) Histological findings
of the resected thymus, which showed no evidence of thymoma. (E) The findings of the lymphoid follicle are shown. (D and E) The aggregation of
postcapillary venule (black arrows) and the lymphoid follicle consisting of B lymphocytes, which is a characteristic finding for myasthenia gravis
patients, respectively are shown (C: haematoxylin and eosin staining, scale bar 20mm; D: Silver statin, Watanabe’s method, scale bar 20mm; E: immune
stain for CD20, scale bar 20mm). (F and G) Histological findings of the follow-up endomyocardial biopsy on Day 80, which revealed no infiltration of
eosinophils and multinucleated giant cells with replacement fibrosis. This finally resulted in a diagnosis of resolving myocarditis under the CYA-based
immunosuppressive therapy with oral steroids (F: haematoxylin and eosin staining, scale bar 100mm; G: haematoxylin and eosin staining, scale bar
20mm).

4 N. Yagi et al.
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thymectomy. This case may provide a new possibility that unknown

autoimmunity is involved in the pathogenesis of GCM and may like-

wise provide another immunotherapy option for patients with ful-

minant GCM who require MCS.
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Figure 3 The clinical course. This figure shows the clinical state of diseases described in this case report as well as the implemented therapeutic
strategy. The patient’s right ventricular assist device was removed on Day 5 (i.e. postoperative Day 3 following biventricular assist device implant-
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sist device; GCM, giant cell myocarditis; IVIG, intravenous immunoglobulin; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction;
MCS, mechanical circulatory support; MG, myasthenia gravis; MMT, manual muscle test; mPSL, methylprednisolone; PSL, prednisolone; VA-ECMO,
veno-arterial extracorporeal membrane oxygenation.

.................................................................................................

Table 1 The presence of anti-striational antibodies
associated with giant cell myocarditis (GCM) in myas-
thenia gravis (MG) patients

Associated striational

antibodies in myasthe-

nia gravis

Result Titers Unit Normal

range

Acetylcholine receptor-

binding antibody

Positive 6.3 nmol/L <0.3

Muscle-specific tyrosine

kinase antibody

Negative <0.01 nmol/L <0.02

Anti-titin antibody Negative 0.48 arb.units <1.0

Anti-muscular

voltage-gated potassium

channels antibody

Negative 0.45 arb.units <1.0

Only an acetylcholine receptor-binding antibody was detected. The presence of
anti-muscular voltage-gated potassium channel antibody, which may be associated
with the onset of GCM in patients with MG, was negative in the present patient.
GCM, giant cell myocarditis; MG, myasthenia gravis.
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