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Two Adults Requiring Implantable Defibrillators Because
of Ventricular Tachycardia and Left Ventricular
Dysfunction Caused by Presumed Kawasaki Disease

Syusuke Yagi, MD; Etsuko Tsuda, MD*; Wataru Shimizu, MD; Takashi Kurita, MD:
Osamu Seguchi, MD; Hiroshi Nonogi, MD; Shiro Kamakura, MD

There is an adult patient population in Japan with undiagnosed coronary artery lesions caused by Kawasaki
disease (KD) occurring before 1967, the time at which KD was first described. Two adult patients presented with
a low left ventricular (LV) ejection fraction and ventricular tachycardia (VT) caused by presumed KD. A 43-year-
old man with rapid VT had a history of an acute febrile illness with desquamation of the fingertips at the age of 10
months. Coronary angiography (CAG) showed segmental stenosis of the right coronary artery (RCA) and occlu-
sion of the left anterior descending artery with a giant aneurysm. The other patient was a 48-year-old man with a
history of ischemic cardiomyopathy diagnosed after a previous myocardial infarction when he was 32 years old.
He had segmental stenosis of the RCA on CAG. Non-sustained VT with transient unconsciousness was observed
during 24-h Holter electrocardiography. Rapid VT with syncope was induced in both patients in the electrophysio-
logic studies and an implantable defibrillator was required to prevent sudden death. Physicians must be aware that
VT can occur in older patients with LV dysfunction many years after KD. (Circ J 2005; 69: 870-874)

Key Words: Coronary artery disease; Implantable defibrillator; Kawasaki disease; Left ventricular dysfunc-
tion; Non-sustained ventricular tachycardia

~ awasaki disease (KD) is an acute febrile infantile
disease, first described in 1967! but there is an

. adult patient population in J apan with a history of
acute KD and cardiac sequelae occurring before 19672 In
most of these patients, the coronary artery lesions caused
by KD were first recognized after an acute myocardial
infarction or at autopsy for sudden death3-8 We present 2
adult patients with ventricular tachycardia (VT) and left
ventricular (LV) dysfunction caused by coronary artery
lesions after presumed KD.

Case Reports

Case 1

In 1993 a 34-year-old man visited hospital because of
headache. A 12-lead electrocardiography (ECG) revealed
an abnormal Q wave in lead Il and a QS pattern in Vi and
V2. Coronary angiography (CAG) showed segmental
stenosis of the right coronary artery (RCA) and occlusion
of the left anterior descending artery (LAD) with calcifica-
tion of a giant aneurysm. At the age of 10 months, he had
had an episode of unexplained fever lasting 1 month with
desquamation of the palms and fingertips. He was diag-
nosed in 1993 as having coronary artery lesions caused by
KD. Multifocal premature ventricular contractions (PVC)
were frequently observed in on 24-h Holter ECG. Further-
more, he had a low LV ejection fraction (LVEF). Beta-
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blocker was prescribed. At the age of 43 years, he visited
another hospital because of fever associated with a com-
mon cold. An ECG revealed wide QRS tachycardia at a
rate of 198 beats/min (Fig1), as well as left axis deviation
and right bundle-branch block. He was restored to normal
sinus rhythm by direct conversion and was referred to us.
Body length and body weight were 169cm and 74kg,
respectively; blood pressure was 130/80 mmHg; total cho-
lesterol was 228 mg/dl. At cardiac catheterization, the LV
end-diastolic volume (LVEDV) and LVEF were 97 ml/m?
and 41%, respectively. The CAG findings were similar to
the previous imaging (Fig2). Electron beam computed
tomography showed the occlusion of the LAD with calcifi-
cation of a giant aneurysm. He underwent coronary artery
bypass grafting to the RCA and LAD. Amiodarone was
prescribed. During electrophysiologic studies (EPS), 2
clinical and 2 non-clinical episodes of VT were induced in
the left postero-septal wall of the left ventricle and a dias-
tolic potential was recorded at the site. Radiofrequency
catheter ablation was successful for 3 of the 4 foci. How-
ever, it was impossible to ablate the focus inducing rapid
VT with syncope, so an implantable defibrillator (ICD) was
inserted.

Case 2

In 1987, a 32-year-old man visited hospital because of
general malaise. He was diagnosed as having ischemic car-
diomyopathy after a previous myocardial infarction (MI).
There was segmental stenosis of the right coronary artery
on CAG but an almost normal left coronary artery. Multi-
focal PVC and couplets were detected on 24-h Holter ECG.
He had experienced palpitations and transient unconscious-
ness 2 or 3 times since then. When 48 years old, he experi-
enced presyncope with a cold sweat and an oppressive
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Figl. 12-lead ECG of wide QRS tachy-
cardia of 198 beats/min. The ECG shows
the left axis deviation and right bundle-
branch block.

Fig2. Case 1: Coronary angiogram shows
segmental stenosis of the right coronary
artery (Left). (Middle) The left anterior
descending artery filled via collateral arte-
ries from the right coronary artery (arrow
shows a giant calcified aneurysm of the left
anterior descending artery). (Right) The left
anterior descending artery is occluded.

Case 2: Coronary angiogram shows segmental
stenosis of the right coronary artery (Left) and an almost
normal left anterior descending artery (Right).
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sensation in his chest immediately after getting up during
the night. Non-sustained VT (NSVT) including a 19-beat
run was observed during 24-h Holter ECG and he was
referred to us. Body length and body weight were 163 c¢m
and 73kg, respectively; blood pressure was 120/60 mmHg;
total cholesterol was 196mg/dl while taking 3-hydroxy-3-
methyl-coenzyme. A reductase inhibitor. He had given up
smoking when 32 years old. ECG revealed an abnormal Q
wave in lead 1, poor progression of the r wave in V1 and
V2, and flat T waves in Vs and Ve. An episode of acute KD
was unknown. LVEDV and LVEF were 147 ml/m? and
32%, respectively, on left ventriculography. The CAG find-
ings were almost the same previously (Fig3). A perfusion
defect in the inferior wall of the left ventricle was found on
99mTc-methoxy-isobutyl isomitrile myocardial imaging at
rest (Fig4). The histologic findings of a biopsy of the right
ventricle did not correspond to that of any cardiomyopathy.
Beta-blocker was prescribed. At EPS, monomorphic NSVT
at a rate of 240 beats/min with left axis deviation and poly-
morphic VT of several beats run were induced by stimula-

Fig4. %mTc-MIBI myocardial imaging at
rest (short-axis view).
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with syncope during the electrophysiologic
/ study. Polymorphic VT was induced by
stimulation at the apex of the right ven-
‘ tricle, and it evolved into rapid VT with
syncope.

.I.“ Fig5. Rapid ventricular tachycardia (VT)

tion at the outflow tract of the right ventricle. They stopped
spontaneously, and he had presyncope at the time. Further-
more, polymorphic VT was induced by stimulation at the
apex of the right ventricle, and it evolved into rapid VT
(Fig5). He collapsed, but was restored to normal sinus
rthythm by direct conversion. He had no abnormal poten-
tials at the apex of the right ventricle in sinus rhythm;
however, ICD implantation is planned to prevent sudden
death.

Discussion

KD is an acute febrile disease affecting children, mainly
those less than 5 years of age!-? Currently in Japan, approxi-
mately 6,000-8,000 patients develop KD each year. Its
cause remains unknown, but it is a systemic vasculitis
involving medium-sized vessels. Diagnosis is based on the
major clinical features of acute KD, which include fever of
at least 5 days duration, bilateral conjunctival injection, an
erythematous reaction involving the lips and oral cavity,
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polymorphous exanthema, cervical lymphadenopathy,
erythema of the palms and soles and/or firm induration of
the hands or feet in the early phases and desquamation of
the fingers and toes in the post-inflammation period!# All
these symptoms are self-limiting and not all occur in every
patient. In addition, the severity of the symptoms varies
and for these reasons the diagnosis of KD can be difficult.
Acute systemic arteritis particularly affects the coronary
arteries. In the 1970s, it was considered that approximately
20% of acute KD patients had cardiac sequelae immedi-
ately after the acute illness;!9 however, it was difficult to
diagnose both acute KD and the development of coronary
artery lesions at that time. Most patients with coronary
artery lesions caused by KD are asymptomatic until acute
myocardial infarction or sudden death occurs and there are
probably many asymptomatic adult patients with coronary
arterial lesions caused by KD who remain undiagnosed.

The present 2 patients had coronary artery lesions and a
low LVEF diagnosed when they were in their 30s. Both
had segmental stenosis of the RCA, which is often found in
patients with a history of KD and is considered typical of
the lesions caused by the disease. It implies the develop-
ment of several new small vessels, reflecting recanalization
after coronary artery occlusion!®!! Because approximately
two-thirds of patients with segmental stenosis or complete
coronary occlusion are asymptomatic, coronary artery
occlusion cannot be diagnosed without CAG!? and conse-
quently, LV dysfunction after MI can exist unrecognized
for many years in such patients. As a result, they are
asymptomatic for many years after the episode of undiag-
nosed acute KD!3 The 2 patients described here developed
VT when in their 40s and it was most likely secondary to
myocardial damage after a previous MI. We believe that
VT develops with age, many years after the previous ML

Giant aneurysms in the proximal portion of the coronary
arteries are a characteristic coronary artery lesion caused by
KD!0 and they often develop late calcification on the outer
surface. Case 1 had an occluded and calcified giant aneu-
rysm of the LAD. Stenotic lesions and calcification involv-
ing the same segments in which the coronary aneurysms
develop occur during the acute phase of KD. Furthermore,
affected segments and almost normal segments may be
found in the 1 patient!4

These 2 patients were born in the 1950s. The mother of
Case 1 remembered the symptoms of his acute illness in
infancy, which were consistent with acute KD. Any history
of an acute illness in childhood was unknown in the other
patient. However, we suspect that the characteristic coro-
nary artery lesions and ischemic cardiomyopathy occurring
in middle-age of individual without high risk of atheroscle-
rosis signify a KD etiology.

Adults with ischemic cardiomyopathy, severely de-
pressed LV function, and asymptomatic NSVT are at
significant risk for future arrhythmic events! Sudden death
occasionally occurs in their 20s in patients with LV dys-
function and NSVT after KD!6:17 In such cases there was
probably an undiagnosed MI soon after the onset of KD
and they then remained asymptomatic prior to their sudden
death. We suspect that fatal arrhythmias in such patients
are a late complication of MIJ3!8.19 which might occur
earlier in KD patients with a low LVEF than in adults with
LV dysfunction caused by atherosclerosis.

Treatment for KD patients with long-standing LV dys-
function after previous MI becomes more essential as they
get older. An EPS and then antiarrhythmic treatment will
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be required to prevent sudden death. If critical VT is
detected, catheter ablation or implantable cardioverter-
defibrillator should be considered?0-2! because patients with
severe coronary artery lesions caused by KD are likely to
have cardiac events earlier than the normal population.

Conclusion

There is a population of adults in Japan with undiag-
nosed coronary arterial lesions caused by KD. They can be
recognized by an episode of ventricular arrhythmia and a
low LVEEF, as well as by acute MI or sudden death. Detec-
tion and treatment of such KD patients is essential to
prevent premature death.
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KEYWORDS Aims The clinical outcome of severe acute myocarditis patients with cardiogenic shock who require
Echocardiography; circulatory support devices is not well known. We studied the survival and clinical courses of patients
Extracorporeal circulation; with fulminant myocarditis supported by percutaneous extracorporeal membrane oxygenation (ECMO)
Myocarditis; and compared them with those of patients with acute non-fulminant myocarditis.

Shock Methods and results Patients with acute myocarditis were divided into the following two groups.

Fourteen patients who required ECMO for cardiogenic shock were defined as having fulminant
myocarditis (F group), whereas 13 patients who had an acute onset of symptoms, but did not have
compromised, were defined as having acute non-fulminant myocarditis (NF group). In the F group, 10
patients were weaned successfully from percutaneous ECMO. Therefore, the overall acute survival
rate was 71%. Patients who were not weaned from ECMO showed smaller left ventricular end-diastolic
and end-systolic dimensions, thicker left ventricular wall, and higher creatine phosphokinase MB isoform
levels than those who were weaned from ECMO. When compared with patients in the NF group, the
fractional shortening in the F group was more severely decreased in the acute phase [F: 10+4 vs. NF:
23 + 8% (mean + SD), P < 0.001], but recovered in the chronic phase (F: 33+7 vs. NF: 34 + 6%). The
prevalence of adverse clinical events in both groups was similar during the follow-up period of 50 months.
Conclusion In patients with fulminant myocarditis, percutaneous ECMO is a highly effective form of a
haemodynamic support. Once a patient recovers from inflammatory myccardial damage, the sub-
sequent clinical outcome is favourable, similar to that observed in patients with acute non-fulminant
myocarditis.

Introduction in patients with cardiogenic shock secondary to fulminant
myocarditis. These studies further showed an overall survi-
val rate range of 50-70%, in the case of using mechanical
circulatory support, is possible either by cardiac recovery
or by transplantation.*” These studies showed that the sur-
vival rate in the case of using percutaneous ECMO is higher
than that in using a ventricular assist device.® This result
may be due to the quick and easy application of percuta-
neous ECMO preventing multiple organ failure secondary
to haemodynamic deterioration, when compared with a
ventricular assist device. McCarthy et al.® demonstrated
that patients with lymphocytic fulminant myocarditis have
a better prognosis than those with acute non-fulminant
myocarditis, providing important information for a better
understanding of the pathophysiology of myocarditis.
However, in their study, only two of 15 patients with fulmi-
nant myocarditis were treated with mechanical circulatory
support. The clinical outcome of critical myocarditis
* Corresponding author: Tel: +81 6 6833 5012; fax: +81 6 6872 7486. patients with cardiogenic shock who require circulatory
E-mail address: smiyazak@hsp.ncvc.go.jp support devices is not well known. Thus, in the present

Myocarditis is defined as an inflammation of the myocardium
caused by viral, rickettsial, bacterial or protozoal infec-
tions, or drug toxicity.’™ Its clinical features vary, ranging
from asymptomatic secondary to focal inflammation to ful-
minant fatal congestive heart failure. Moreover, there is a
possibility that viral myocarditis may lead to dilated cardio-
myopathy, presumably as a consequence of a late immuno-
logical response.? Patients with fulminant myocarditis
often present with cardiogenic shock due to a severe left
ventricular dysfunction.

Critically ill patients often require mechanical circulatory
support such as a percutaneous extracorporeal membrane
oxygenation (ECMO) with a cardiopulmonary bypass. Some
studies showed that mechanical circulatory support is effec-
tive and can eliminate the need for cardiac transplantation

© The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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study, we have focused on the survival and clinical courses
of severely ill patients who are under mechanical
circulatory support with percutaneous ECMO and compared
them with those of patients with acute non-fulminant
myocarditis.

Methods

Clinical classification

The diagnosis of myocarditis was made on the basis of the following
findings: (i) a recent medical history consistent with the occurrence
of a viral infection, (ii) positive findings of inflammation (high fever
and increased white blood cell count and C-reactive protein level),
(iif) evidence of myocardial damage [significant changes in electro-
cardiographic and echocardiographic features and elevations of
serum creatine phosphokinase (CPK) and its MB isoform (CK-MB)
level], and (iv) signs of a recent onset of cardiac dysfunction that
were not due to myocardial ischaemia (determined by coronary
angiography). Patients who had signs of myocarditis associated
with other systemic diseases, such as immunodeficiency, sarcoidosis,
collagen diseases, endocrine diseases, drug-induced toxicity, or
alcoholism, were excluded. Cardiogenic shock was defined on the
basis of the criteria set by the Myocardial Infarction Research
Units of the National Heart and Lung Institute.®

In the present study, patients with fulminant myocarditis were
defined as those who require percutaneous ECMO or a ventricular
assist device for cardiogenic shock and do not respond to intensive
medical treatments like high doses of intravenous catecholamines
or for refractory ventricular tachyarrhythmia. Patients with acute
non-fulminant myocarditis were defined as those who had an
acute onset of symptoms but did not have compromised haemody-
namics following conventional medical treatment.

Details of percutaneous ECMO system

A percutaneous ECMO system is basically a femoro-femora bypass
without a reservoir (Figure 7). This system is completely pre-
connected to a compact integrated cardiopulmonary bypass unit
consisting of an artificial lung (Kurare Menox EL-4000) and a Sarns
Delphin pump (Sarns 3M Healthcare, Ann Arbor, MI, USA). An oxyge-
nator and a centrifugal pump are placed in the body of the compact
integrated cardiopulmonary bypass unit as reported previously.°
Heparin was used for anticoagulation and activated clotting time
was maintained between 200 and 300s.

Study patients

Between January 1993 and December 2001, 27 patients were diag-
nosed as having acute myocarditis at the National Cardiovascular
Centre (Japan). All patients except one had clinical symptoms and
signs of acute myocarditis with a distinct onset (from days 2 to 28).
The first application of percutaneous ECMO for patients with
fulminant myocarditis was in June 1996. The distribution of year
when the enrolled patients were admitted was as follows: F group:
before 1995, n=0; 1996-98, n=15; 1999-2001, n=9; NF group:
before 1995, n = 2; 1996-98, n = 5; 1999-2001, n = 6.

Fourteen patients, whose systemic blood pressure was low
[74+ 15 (mean + SD)mmHg] and heart rate was high
(134 + 21 b.p.m.; excluding two patients with cardiac arrest and
using temporary right ventricular pacemaker) even after an intensive
treatment with inotropic or vasopressor drugs, required percuta-
neous ECMO (F group) (male, seven; female, seven; mean age,
38 + 15). The remaining 13 patients whose blood pressure and
heart rate were maintained at 118 + 17 mmHg and 86 + 21 b.p.m.,
respectively, were not treated with percutaneous ECMO (NF group)
(male, 12; female, one; mean age, 33 + 18).

Artificial lung Ao

=== Direction of blood flow

Centrifugal pump

Figure 1 lllustration of ECMO system. RA, right atrium; IVC, inferior vena-
cava; Ao, aorta.

Laboratory examination

On admission, blood samples were obtained every 3 h until the peak
CPK and CK-MB levels were determined; thereafter, at least every
24 h until the patients recovered. Inflammation indexes (white
blood cell count and C-reactive protein level), liver function (total
bilirubin, aspartate aminotransferase, alanine aminotransferase,
and lactate dehydrogenase levels), and renal function [blood urea
nitrogen (BUN) and serum creatinine levels] were also analysed.

Echocardiographic and haemodynamic
measurements

Standard two-dimensional echocardiography (SONOS 5500, Phitlips)
was performed to assess the existence of pericardial effusion and
to determine left ventricular end-diastolic dimension (LVDd), end-
systolic dimension {LVDs), and wall thickness. These parameters of
LV function were measured in the M-mode from the parasternal
short-axis view using the leading-edge-to-leading-edge method.
Fractional shortening (FS) was also calculated by a standard
method."" Inferior venacava (IVC) diameters were measured from
the long-axis two-dimensional subxiphoid .views with the patients
in a supine position to 30° upright position.'? Flow across the
valves was assessed by colour Doppler to grade the degree of
mitral and tricuspid regurgitation. A 7.5 F Swan-Ganz thermodilu-
tion catheter (model: T-157A; Goodtech Inc.) was inserted through
the internal jugular vein or the femoral vein to measure cardiac
index, pulmonary capillary wedge, and right atrial pressures,

On admission, the data were obtained every 24 h until the
patients were weaned successfully from the percutaneous ECMO
system. During the period of using ECMO, we also measured LV ejec-
tion time corrected for /RR (LVETc). When LVETc improved to
>200ms, ECMO flow rate was gradually decreased to 1.5 L/min,
and ECMO was then discontinued if haemodynamics did not
deteriorate.’®
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Endomyocardial biopsy and postmortem autopsy

Endomyocardial biopsies were performed via the right internal
jugular or femoral veins using disposable bioptomes in surviving
patients in stable conditions. Postmortem examination was also per-
formed. At least four specimens were obtained from the right
ventricular septum and immediately immersed in 10% formalin,
embedded in paraffin, sectioned, stained with haematoxylin and
eosin, and examined by a pathologist to determine whether myocar-
ditis was present on the basis of the Dallas criteria.

Follow-up

After discharge, patients visited the hospital every 3-6 months. In
the chronic phase (~6-12 months), echocardiography was per-
formed to reassess LV function following myocarditis. The median
period of chronic echocardiography was 12 months. Thereafter,
follow-up data regarding death and cardiovascular events (e.g.
rehospitalization due to congestive heart failure) were obtained
from the medical records or telephone interviews of all patients.

Statistical analyses

The values are presented as the mean + standard deviation (SD) or
median (25-75%). The normality of distribution was assessed using
the Kolmogorov-Smirnov test. Echocardiography and laboratory
findings were compared between the two groups using the Student’s
t-test for normally distributed variables or the Mann-Whitney U test
for other variables. To compare the proportions of patients, Fisher’s
exact test was performed. Comparisons of data using all these
statistical tests were performed using Sigma Stat version 3.0
(SPSS, Chicago, IL, USA). All statistical tests were two-sided and
significance was defined as P < 0.05.

Results

Comparisons between patients who were
weaned and those who were not weaned
from ECMO in the F group

Table 1 shows the summary of the patients’ characteristics
in the F group. The median time interval to ECMO appli-
cation from the onset of heart failure was 15 (12-20) h
(range: 7-36 h). Among the 14 patients in the F group (on
ECMO support), a temporary right ventricular pacemaker
was used in four patients (29%). In six patients (43%),
intraaortic balloon pumping (IABP) had already been
inserted because they had been transferred from other hos-
pitals. Between patients with and without IABP, systolic
blood pressure (75 + 17 vs. 73 + 15 mmHg), own heart
rate (127 +17 vs. 138 + 22b.p.m.), LVDd (47+8 vs.
46 + 12mm), and FS (1043 vs. 10 4+ 5%) were similar
before ECMO application. Figure 2 shows acute changes in
LV function before and immediately after the support and
at the time of weaning from ECMO. Neither LVDd nor FS
changed immediately after the ECMO support.

The median support time for percutaneous ECMO"in the F
group was 130 (42-171) h (maximum support time, 12 days).
Four patients were not weaned from mechanical support
and died. In one of them, the support system was changed
to a left ventricular assist device (the Toyobo-NCVC-type
pump)'® because of the development of multiple organ
failure despite ECMO support. Therefore, the acute survival
rate was 71% in the F group.

We then compared the clinical characteristics between
patients who were weaned and those who were not
weaned from ECMO (Table 2). Although systemic

-and thicker ventricular wall

inflammation indexes (white blood cell count and C-reactive
protein level) and liver function were similar, the peaks of
CK-MB level and BUN level differed significantly between
patients who were weaned and those who were not
weaned from ECMO.

Figure 3 shows echocardiographic measurements for
patients in the F group. Patients who were not weaned
from ECMO had smaller LVDd (36 + 10 vs. 50 + 7 mm,
P=0.013) and LVDs (34 + 10 vs. 45 + 6 mm, P = 0.026)
(1541 vs. 11 £ 2mm,
P =0.023) than those who were weaned from ECMO. The
left ventricular systolic function in patients who were not
weaned from ECMO was more depressed than those who
were weaned successfully, as shown by the difference in
FS (5+4 vs. 11 £ 4%, P=0.036).

Comparison between F group and NF group

All the 13 patients in the NF group survived after the onset of
acute myocarditis. 1ABP was used in one patient in the NF
group. Inotropic agents were used under haemodynamic
monitoring in five of 13 patients in the NF group and in 14 of
14 patients in the F group (P < 0.05). The median doses of
dopamine [NF: O (0-3.25) vs. F: 5.5 (3-15) pg/kg body
weight/min, P = 0.002] and dobutamine [NF: 0 (0-3) vs. F:
3 (3-10) pg/kg body weight/min, P=0.017] used were
significantly lower for patients in the NF group than for
those in the F group. There were significant differences in
stroke volume index (NF: 29 + 12 vs. F: 19 + 8 mL/beat/m?,
P =0.048), pulmonary capillary wedge (NF: 15+ 6 vs.
F: 23 &+ 5mmHg, P=0.013), and right atrial pressure
(NF: 84+4 vs. F: 14 + 6 mmHg, P=0.026) between these
two groups. FS assessed by echocardiography on admission
was moderately depressed in patients in the NF group
when compared with that in those in the F group (23+8
vs. 10 + 4%, P < 0.001), although peak CK-MB levels and
systemic inflammation indexes (e.g. white blood cell count
and C-reactive protein level) were similar between these
two groups (Table 3). Liver and renal functions were pre-
served in patients in the NF group, whereas these were
impaired in patients in the F group. '

Follow-up study and clinical course

Endomyocardial biopsy or postmortem examination was
performed at 25 (5.75-36.5) days in nine of 14 patients in
the F group and at 14.5 (8.5-25.5) days in 12 of 13 patients
in the NF group. The percentages of patients positive for
myocardial infiltration by inflammatory cells were 78%
(seven of nine patients) for the F group and 58% (seven of
12 patients) for the NF group. Moreover, as shown in
Figure 4, echocardiography performed at the chronic stage
(6-12 months) demonstrated that FS reversed dramatically
in the F group reaching a similar level to that in the NF
group (F: 33 + 7%, NF: 34 + 6%), although LVDd did not
change throughout the study.

Figure 5 shows the summary of the clinical course. The
follow-up period was 50 (40~66) months for the F group
and 66 (37-81) months for the NF group. Only one patient
in the F group had congestive heart failure 14 months
after the onset of acute myocarditis. None of the patients
died or received cardiac transplantation in both groups.
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Percutaneous ECMO support for fulminant myocarditis
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Figure 2 Acute changes in left ventricular function before and immediately
after the support and at weaning from ECMO in patients with fulminant myo-
carditis (F group). (A) FS and (B) LVDd. Open circles indicate patients who
were weaned from ECMO and closed diamonds indicate F patients who
were not weaned from ECMO and died.

Discussion

This study demonstrated that ~70% of patients with fulmi-
nant myocarditis supported by percutaneous ECMO could
be saved. Cardiac function was severely depressed in the
acute phase but improved markedly in the chronic phase.
The clinical course in the chronic phase in the patients
with fulminant myocarditis who were weaned from ECMO
was similar to that in patients with non-fulminant
myocarditis.

Survival and percutaneous ECMO

McCarthy et al.® reported that fulminant myocarditis is a dis-
tinct clinical entity with an excellent long-term prognosis.
However, there were few patients requiring circulatory
supports in their reports, and the clinical outcome of those
patients remains undetermined. In our series of patients,
even though cardiac function was severely depressed in the
acute phase reaching zero myocardial FS, haemodynamic
volume support by percutaneous ECMO could effectively
prevent the development of multiple organ failure. When
compared with left ventricular assist devices, which we
used to treat 106 patients with deteriorated haemodynamics
since 1982, percutaneous ECMO has an advantage in terms
of its quick, easy, and less invasive application,*¢ which
may help in overcoming potential complications such as
stroke, peripheral arterial ischaemia, haemorrhage, and

infections. ® If there is no improvement in cardiac function,
the patients should be bridged from ECMO to ventricular
assist devices. The present study includes only one bridged
patient. The results derived from other studies of fulminant
myocarditis showed a survival rate of 40-50% for patients
supported with ventricular assist devices.

Patients with fulminant myocarditis may be better
managed by maintaining circulatory support than pursuing
transplantation. As reported previously, the survival rate

-of patients with post-cardiotomy shock who required ECMO

but had already suffered from irreversible myocardial
damage was 20-40%."” However, the present study demon-
strated that many of these patients (=70%) have a reason-
able chance for full cardiac recovery and benefit from
several days or weeks of circulatory support using ECMO,
without undergoing transplantation. Particularly for chil-
dren in whom transplantation is certainly not encouraging,
ECMO is useful in delaying transplantation by providing
support sufficiently long to determine whether cardiac
function may improve.'®

Temporary myocardial damage in patients with
fulminant myocarditis

In the present study of fulminant myocarditis, patients who
were not weaned from ECMO and died exhibited a higher
peak CK-MB level and a more depressed systolic function
(lower FS) than those who were weaned from ECMO.
Interestingly, despite similar peak CK-MB levels, there
was a significant difference in FS between patients with ful-
minant myocarditis who were weaned from ECMO and those
with non-fulminant myocarditis. These findings indicate that
the extent of myocardial dysfunction and necrosis caused by
inflammatory responses may determine the acute outcome
in myocarditis patients. Moreover, it is speculated that the
echocardiographic finding of less dilatation may be related
to a severe infectious insult with myocardial oedema. In
light of accumulating evidence, myocardial dysfunction is
associated with cardiodepressant mediators including free
radicals and inflammatory cytokines.'®*® From the current
data shown in Figure 2, percutaneous ECMO does not
appear to directly promote functional recovery. However,
it may be useful in supporting a compromised heart until
the inflammatory storm in the myocardium has subsided.
Potential therapies specific for the pathophysiological
process of acute myocarditis include immunomodulation
(i.e. immunoglobulin and interferon)?'"?* and vacci-
nation,?*2> the use of which may provide new insights into
the treatment of this disease. Duncan et al.” reported
that mechanical circulatory support in combination with
immunotherapy (intravenous administration of gamma glo-
bulin and/or steroids) results in 60% of the acute survival
of children with fulminant myocarditis.

Recovery of ventricular function and long-term
outcome

In patients with fulminant myocarditis who survived, FS
improved in the chronic phase to a level similar to that in
patients with acute non-fulminant myocarditis. The
present results were different from those reported pre-
viously by Felker et al.*® They reported a significant
improvement in FS in patients with fulminant myocarditis
(from 19+4 to 30 + 8%), whereas no improvement was
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Table 2 Comparison between patients who were weaned and those who were not weaned from ECMO in the F group

Patients who were Patients who were P-value

weaned (n = 10) not weaned/died (n = 4)
Aspartate aminotransferase (IU/L) 145 (108-381) 280 (208-3775) 0.138
Alanine aminotransferase (IU/L) 70 (54-358) 81 (60-2123) 0.524
Lactate dehydrogenase (IU/L) 635 (475-1229) 1222 (630-6301) 0.358
Peak CPK (IU/L) 3860 (1097-6168) 12005 (7167-16117) 0.138
Peak CK-MB (1U/L) 102 (16-134) 229 (200-538) 0.042
Blood urine nitrogen (mg/dL) 18.5 (15-26) 34.5 (30-38.5) 0.004
Serum creatinine (mg/dL) 1.0 (0.8-1.1) 2.4 (1.55-2.6) 0.179
White blood cell count (/L) 11635 (9230-12200) 8535 (6400-12885) 0.289
C-reactive protein {mg/dL) 10.2 (6.6-12.4) 7.9 (4.5-15.1) 0.832

The median (25-75%) data. All data except peak creatine phosphokinase (CPK) and its isoform (CK-MB) are presented as baseline {measured on admission).
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Figure 3 Comparison of echocardiographic data between patients who were
weaned and those who were not weaned from ECMO in F group. All these data
were gathered on admission. (4) LVDd and LVDs. (B) FS and ventricular wall
thickness.

observed in those with acute myocarditis (from 17+7 to
19 + 7%). We also noted that the percentages of adverse
clinical events were similar between the two groups during
the follow-up period. Only one patient in the present
study group was rehospitalized due to heart failure.

However, the previous studies showed that the long-term

~ outcome of patients with acute myocarditis was poor, that

is, 50-60% of patients had a 5-year survival rate, compared
with those with fulminant myocarditis.® 2”2 This difference
may be due to the differences in patients’ clinical back-
grounds. In the present study, all the 14 patients with fulmi-
nant myocarditis and 12 of 13 patients with non-fulminant
acute myocarditis had a distinct onset of cardiac symptoms
within a short duration from flu-like symptoms and had no
recurrence of myocarditis. The myocarditis cases observed
in the present study appear to be more acute than those
reported by others.®?% |n the previous studies, designed on
the basis of the classification of Lieberman’s report,?’
enrolled patients with acute non-fulminant myocarditis
had heart failure without a distinct onset of cardiac symp-
toms, which lasted for a period of weeks to months. The
timing of cardiac symptom presentation may be associated
with the pathophysiology and/or the state of myocarditis.
Patients in the previous studies may have included those
with acute myocarditis without distinct onset and/or
chronic (active or persistent) myocarditis. Kodama et al.>®
showed the long-term favourable outcome of acute myocar-
ditis patients with a distinct onset classified by clinical
subtypes, compared with those without a distinct onset.
Patients with myocarditis without a distinct onset may
have already undergone the remodelling process following
a viral infection, leading to dilated cardiomyopathy. Thus,
the clinical presentation may play an important role in the
prognosis of this particular disease.”!

Study limitations

This study has a few potential limitations. First, this is a
retrospective cohort study performed at one centre. The
number of patients was too small to permit multivariate
analysis with adjustment for underlying confounders.
However, the clinical relevance of the findings regarding
such a rare but life threatening disease allows the present
comparison. Secondly, endomyocardiat biopsy was not per-
formed in all the patients. Endomyocardial biopsy is of
value in evaluating the activity of inflammation and identi-
fying infiltrating cells. However, Dec et al.*? demonstrated
that the combination of the clinical features of viral myocar-
ditis and subsequent substantial improvement in the left
ventricular function suggest the clinical diagnosis of
active myocarditis, even when supportive biopsy evidence
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Table 3 Comparison with laboratory data between F groups and NF (non-fulminant acute myocarditis) groups

F group (n = 14) NF group (n = 13) P-value
Aspartate aminotransferase (IU/L) 188 (108-381) 46 (39-127) 0.006
Alanine aminotransferase (1U/L) 70 (57-358) 42 (27-69) 0.051
Lactate dehydrogenase (IU/L) 711 (477-1229) 361 (175-491) 0.004
Peak CPK (IU/L) 3903 (1765-11667) 529 (253-1042) <0.001
Peak CK-MB (IU/L) 117 (67-210) 98 (67-124) 0.447
Blood urine nitrogen (mg/dL}) 24 (16-32) 11 (9-19) 0.003
Serum creatinine (mg/dL) 1.0 (0.8-1.6) 0.75 (0.6-0.85) 0.004
White blood cell count (/L) 11385 (9049-12200) 9030 (7550-9918) 0.099
C-reactive protein (mg/dL 9.9 (5.4-12.4) 3.6 (2.6-12.3) 0.201

The median (25-75%) data. All data except peak creatine phosphokinase (CK) and its isoform (CK-MB) are presented as baseline (measured on admission).
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Figure 4 Changes in FS (A) and LVDd (B) (determined by echocardiography)
on admission, in the chronic phase (~6-12 months after). Open circles indi-
cate F group, closed circles indicate non-fulminant acute myocarditis (NF)
group, and crosses indicate patients who died.

is lacking. In the present study, as shown in Figure 4, left
ventricular function recovered to almost normal in the
chronic phase and was not accompanied by cardiac dilata-
tion or remodelling. Thus, biopsy was deemed unnecessary;

Fulminant myocarditis
F group (n=14)

Non-fulminant myocarditis
NF group (n=13)

Death 4 0 death
In acute phase
50 (40-66) Follow-up periods 66 (37-81)
months months
v 10 13 ¢
Death 0 Death 0

Congestive heart failure 1 Congestive heart failure 0
(after 14 months)

Figure 5 Clinical events in follow-up period.

in some cases, it is difficult to obtain informed consent from
the patients of this study.

In conclusion, percutaneous ECMO is a highly effective
form of haemodynamic support for patients with fulminant
myocarditis. Once a patient recovers from inflammatory
myocardial damage, the subsequent clinical outcome is
favourable, similar to that observed in patients with acute
non-fulminant myocarditis. A further study is required to
determine the potential trigger promoting the remodelling
process following viral myocarditis.
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