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his paper is of particular importance because
it is the largest randomized controlled trial of
immunosuppressive therapy in patients with
myocarditis. The Myocarditis Treatment Trial
was a multicenter clinical trial conducted to

determine the efficacy of immunosuppressive therapy for
treatment of biopsy-documented myocarditis. It also at-
tempted to improve understanding of the immunological
mechanisms involved in the development of myocarditis.

Thirty-one centers in the United States, Canada, Great
Britain, and Japan screened patients with heart failure. Over
2000 patients were determined to have unexplained heart
failure and underwent endomyocardial biopsy. Patients were
enrolled in the trial if the biopsy was positive for myocar-
ditis according to the “Dallas criteria,” the duration of
symptoms was less than 2 years, radionuclide left ventric-
ular ejection fraction (LVEF) was less than 45%, and there
were no medical exclusions. Exclusion criteria included:
age 18 or less; current or potential pregnancy; condition
contraindicating immunosuppressive therapy; conditions
requiring immunosuppressive therapy; coronary heart dis-
ease; treatment with investigational drugs, β-blockers,
disopyramide, or calcium antagonist therapy; limited life
expectancy; and substance abuse. One hundred and eleven
patients were randomized within one week after a positive
diagnosis of myocarditis to either receive immunosuppres-
sive therapy or no immunosuppressive therapy.

Patients were allocated to one of three treatment arms
during the first 16 months of the trial: (i) “control” limb pa-
tients received no immunosuppressive therapy; (ii) patients
received azathioprine and prednisone; and (iii) patients
were treated with cyclosporine and prednisone. All patients
received conventional drug therapy for heart failure accord-
ing to a standardized algorithm. Immunosuppressive ther-
apy was maintained for 24 weeks, followed by a 28-week
follow-up period. Patients were taken off the protocol at
the conclusion of week 52 and followed for up to 5 years
thereafter. The primary outcome measure was LVEF at 28
weeks. Results showed that in the group as a whole, the
mean LVEF improved from 25% at baseline to 34% at week

28. The mean LVEF did not significantly differ between the
control group and the groups that received immunosup-
pressive therapy at baseline, week 28, or week 52. The LVEF
improved in both treatment groups during the course of
the trial. Positive independent predictors of LVEF at week
28 included higher left ventricular ejection fraction at base-
line, less intensive conventional drug therapy at baseline,
and a shorter duration of disease. Treatment assignment
was not a predictor. The immunosuppression and control
groups did not differ significantly in survival at one year
or throughout the period of follow-up. The mortality rate
for the study population was 20% at one year and 56% at
4.3 years. Baseline LVEF was positively associated with the
duration of survival and intensity of conventional therapy
at baseline was negatively associated with survival.

This study is limited by patient selection in that it poten-
tially excluded patients with nonlymphocytic myocarditis.
There was no virology assessment. Finally, only a limited
range of possible immunosuppressive therapies was used.
Despite these limitations, however, this study suggests that
immunosuppressive therapy is not beneficial in most pa-
tients with histologically proven acute myocarditis. Patients
with a higher LVEF and shorter duration of disease are
more likely to improve. The “Dallas criteria” probably have
a low sensitivity for the diagnosis of acute myocarditis.

T

A clinical trial of immunosuppressive therapy for myocarditis.
The Myocarditis Treatment Trial Investigators

J. W. Mason, J. B. O'Connell, A. Herskowitz, N. R. Rose, B. M. McManus, M. E. Billingham, T. E. Moon;
Myocarditis Treatment Trial Investigators

N Engl J Med. 1995;333:269-275
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iruses are important pathogenic agents in
acute myocarditis and have been associated
with the development of dilated cardiomyo-
pathy. Enteroviruses have long been consid-
ered to be the most important viral pathogen

in this disease, but, more recently, other viruses have been
implicated as well. Does persistent viral infection with any
or several of a wide range of viruses play a role in the
transition from acute myocarditis to dilated cardiomyopa-
thy (DCM)? This paper is important because it attempts
to answer this question.

Endomyocardial biopsy specimens were obtained from
245 consecutive patients with clinically suggested idio-
pathic DCM after assessment by both echocardiography
and coronary angiography excluded coronary heart disease
and other possible causes of cardiac dysfunction. The me-
dian left ventricular ejection fraction was 35%. DNA and
RNA were extracted from frozen heart muscle tissue probes.
Polymerase chain reaction (PCR)/reverse transcription PCR
(RT-PCR) was performed for the detection of enteroviruses
(EVs), including coxsackievirus and echovirus, adenovirus
(ADV), parvovirus B19 (PVB19), human herpesvirus type 6
(HHV-6), Epstein-Barr virus (EBV), human cytomegalovirus
(HCMV), influenza viruses A and B, herpes simplex viruses 1
and 2 (HSV-1 and HSV-2), and hepatitis C virus (HCV).
Systemic infection with PVB19, EBV, and HHV-6 was ex-
cluded by extraction of DNA from peripheral blood cells.
Myocardial inflammation was assessed by histological
and immunohistological analyses.

Viral genomes could be amplified from endomyocardial
biopsies of over two thirds of the 245 DCM patients as fol-
lows: EV = 23 (9.4%), ADV = 4 (1.6%), PVB19 = 126 (51.4%),
HHV-6 = 53 (21.6%), EBV = 5 (2.0%), and HCV = 2 (0.8%).
Influenza A, influenza B, HSV-1, and HCMV genomes were
not detected. Forty-five cases (27.3%) had multiple infec-
tions. Histopathological and immunochemical analyses
revealed no signs of active or borderline myocarditis in any
of the samples analyzed. Lymphocyte and macrophage 
infiltrates were not significantly different in virus-positive
versus virus-negative patients.

These results clearly indicate that there is a high prevalence
of viral genomes in the myocardium of patients with DCM.
In addition, many of these patients have multiple viral in-
fections. Interestingly, only one fourth of the patients had
evidence of EV or ADV infection. In contrast, PVB19 was
positively detected in over 50% of cases and HHV-6 in more
than 20% of cases.

The high prevalence of viral genomes and multiple viral
infections present in this group of DCM patients was un-
expected. This may be partially due to the fact that previ-
ous studies in the 1980s and 1990s primarily assessed EV
and ADV. PVB19 had been reported in cardiomyopathies
of childhood, but this is the first of several papers to re-
port PVB19 as a common cause of myocarditis and DCM.
Although the detection of viral genomes in this study
population does not itself prove causality in the patho-
genesis or progression of disease, data from recent publi-
cations suggest that PVB19 may play a significant role at
some point during the pathogenesis of DCM through various
mechanisms. The spectrum of viral infection has changed
and patients with dual or multiple viral infections may clear
one or more infections while continuing to screen positive
for another viral genome in subsequent evaluations. This
may account, at least in part, for the variable clinical course
of patients with DCM. Pathogenic mechanisms induced
during the early stages of unrecognized viral myocarditis
may be responsible for later progression to DCM by remod-
eling or recognition of endogenous epitopes that mimic
viral antigens after elimination of the primary viral agent.

V

The Kyoto Protocol comes into effect, without 
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Million Dollar Baby wins the best picture 
award at the 77th Academy Awards; and 
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High prevalence of viral genomes and multiple viral 
infections in the myocardium of adults with “idiopathic” 
left ventricular dysfunction

U. Kühl, M. Pauschinger, M. Noutsias, B. Seeberg, T. Bock, D. Lassner, W. Poller, 
R. Kandolf, H.-P. Schultheiss

Circulation. 2005;111:887-893

DCVM 53 Ten Seminal Paper:Mise en page 1  3/09/09  18:16  Page 203



he role of endomyocardial biopsy (EMB) in the
diagnosis and treatment of cardiovascular dis-
ease is controversial. Who is an appropriate
candidate for EMB? This joint scientific state-
ment was written by a multidisciplinary group

of experts and endorsed by several cardiovascular medi-
cine associations. Recommendations were derived from a
comprehensive review of the published literature on spe-
cific cardiomyopathies, arrhythmias, and cardiac tumors. 

EMB is not indicated for routine evaluation of heart dis-
ease. There are 2 class I recommendations for the per-
formance of an EMB, both in the setting of unexplained,
new-onset heart failure:
1) symptoms <2 weeks in duration associated with a normal-
size or dilated left ventricle in addition to hemodynamic
compromise (suspected lymphocytic myocarditis); and
2) symptoms 2 weeks to 3 months in duration associated
with a dilated left ventricle and new ventricular arrhyth-
mias, Mobitz type II second- or third-degree atrioventricu-
lar block, or failure to respond to usual care within 1 to 2
weeks (suspected giant cell myocarditis).

The six clinical scenarios in which an EMB is reasonable
(class IIa recommendations) are in the setting of:
1) unexplained heart failure of >3 months’ duration asso-
ciated with a dilated left ventricle and new ventricular ar-
rhythmias, Mobitz type II second- or third-degree AV block,
or failure to respond to usual care within 1 to 2 weeks (pa-
tients at risk of cardiac sarcoidosis or idiopathic granulo-
matous myocarditis);
2) unexplained heart failure associated with dilated cardio-
myopathy of any duration that is associated with suspected
allergic reaction in addition to eosinophils (eosinophilic
myocarditis);
3) unexplained heart failure associated with suspected
anthracycline cardiomyopathy;
4) heart failure associated with unexplained restrictive
cardiomyopathy;
5) suspected cardiac tumors, with the exception of 
typical myxomas; and
6) unexplained cardiomyopathy in children.

The five clinical scenarios in which EMB may be consid-
ered (class IIb recommendations) are in the setting of:
1) unexplained, new-onset heart failure of 2 weeks’ to 3
months’ duration associated with a dilated left ventricle,
without new ventricular arrhythmias or Mobitz type II sec-
ond- or third-degree AV heart block, that responds to usual
care within 1 to 2 weeks (uncomplicated acute idiopathic
dilated cardiomyopathy);
2) unexplained, new-onset heart failure of >3 months’ du-
ration associated with a dilated left ventricle, without new
ventricular arrhythmias or Mobitz type II second- or third-
degree AV heart block, that responds to usual care within 1
to 2 weeks (chronic symptomatic dilated cardiomyopathy);
3) heart failure associated with unexplained hypertrophic
cardiomyopathy;
4) suspected ARVD/C (arrhythmogenic right ventricular
dysplasia/cardiomyopathy); and
5) unexplained ventricular arrhythmias.

The single clinical scenario in this document in which EMB
should not be performed is unexplained atrial fibrillation
(class III recommendation). These recommendations pro-
vide a practical guide for the clinician.
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The role of endomyocardial biopsy in the management of 
cardiovascular disease
A scientific statement from the American Heart Association, the American College of Cardiology, and the European Society of Cardiology. 
Endorsed by the Heart Failure Society of America and the Heart Failure Association of the European Society of Cardiology

L. T. Cooper, K. L. Baughman, A. M. Feldman, A. Frustaci, M. Jessup, U. Kühl, G. N. Levine, J. Narula, R. C.
Starling, J. Towbin, R. Virmani; American Heart Association; American College of Cardiology; European Society of
Cardiology; Heart Failure Society of America; Heart Failure Association of the European Society of Cardiology

J Am Coll Cardiol. 2007;50:1914-1931
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he relationship between myocarditis and idio-
pathic dilated cardiomyopathy remains elusive,
and both viral and autoimmune pathogenic
mechanisms continue to be investigated. High
dose intravenous immune globulin (IVIG) has

both antiviral and immune modulatory effects and has
been used to successfully treat children with new-onset
dilated cardiomyopathy and myocarditis in children. The
aim of this trial was to determine whether or not treatment
with IVIG improved left ventricular ejection fraction (LVEF)
in adults with a recent onset of idiopathic dilated cardiomy-
opathy or myocarditis.

The study design was a prospective, randomized, placebo-
controlled, double-blind investigation of the addition of
IVIG to conventional therapy in adult patients with new-on-
set dilated cardiomyopathy. Inclusion criteria mandated an
LVEF �40%, an evaluation consistent with either idiopathic
dilated cardiomyopathy or myocarditis, and symptom du-
ration of 6 months or less at the time of randomization.
All patients underwent diagnostic coronary angiography or
noninvasive stress testing to exclude coronary heart dis-
ease and transthoracic echocardiography to rule out signif-
icant valvular disease, as well as a right ventricular endo-
myocardial biopsy prior to enrollment. Exclusion criteria
included significant diabetes, significant hypertension,
and uncorrected thyroid disease. Patients with evidence
of giant cell myocarditis, sarcoidosis, and hemochromato-
sis were excluded as well.

Patients randomized to treatment received a total of 2 grams/
kilogram of IVIG administered each day for 2 consecutive
days. Patients randomized to placebo received 0.1% albu-
min in 10% maltose solution given in an equivalent vol-
ume each day for 2 consecutive days. LVEF was assessed
at baseline, 6 months, and 12 months by radionuclide an-
giography. Functional capacity was assessed by metabolic
stress testing and a 6-minute walk test. Patients were seen
in follow-up at 1, 6, and 12 months after randomization
and then every 6 months thereafter. The primary end point
of the study was the change in LVEF from baseline to 6 and
12 months. The secondary end points were event-free sur-

vival and comparison of functional capacity as assessed
by metabolic stress testing.

Sixty-two patients were enrolled in the study. Only 10 (16%)
had cellular inflammation on endomyocardial biopsy. Mean
duration of symptoms at the time of randomization was 
2 months. Overall, mean LVEF improved from 25% at base-
line to 41% at six months and 42% at 12 months. There was
no significant difference with respect to the change in
LVEF between patients treated with IVIG and those who
received placebo. The majority of patients experienced a
10% or greater increase in their LVEF at one year and one
third of the patients normalized their ejection fraction.
Interestingly, there was no association between improve-
ment in LVEF and the presence or absence of cellular in-
flammation in biopsy, although this may have been due
to sampling error and variability in histologic interpreta-
tion. Survival was excellent as well, as the transplant-free
survival rate was 92% at one year and 88% at 2 years.

These results suggest that IVIG does not add any incremen-
tal benefit over conventional therapy in this group of pa-
tients. Perhaps more importantly, however, the results indi-
cate that the prognosis for patients with either idiopathic
dilated cardiomyopathy or myocarditis is excellent when
treated with standard therapies. One explanation for the
improved prognosis may be the increased use of β-adren-
ergic blocking agents in the IMAC-1 study.

T

Controlled trial of intravenous immune globulin in recent-onset
dilated cardiomyopathy (IMAC-1)

D. M. McNamara, R. Holubkov, R. C. Starling, G. W. Dec, E. Loh, G. Torre-Amione, A. Gass, 
K. Janosko, T. Tokarczyk, P. Kessler, D. L. Mann, A. M. Feldman; Intervention in Myocarditis and 
Acute Cardiomyopathy (IMAC) Investigators

Circulation. 2001;103:2254-2259

The Japanese cities of Urawa, Omiya, and Yono
merge to form the city of Saitama;

Douglas Adams, the author of the “Hitchhiker’s
Guide to the Galaxy,” dies of a heart attack 

at the age of 49; and Chilean biologist 
and philosopher Francisco Varela dies
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atients with lymphocytic myocarditis have a clin-
ical course that varies greatly. Those with subclin-
ical disease may be asymptomatic, while those
with fulminant disease present with severe he-
modynamic compromise that not infrequently

leads to death. Unfortunately, there are no current clinical
criteria that reliably predict outcomes in these patients.
The authors of this study hypothesized that patients with
fulminant myocarditis have a better long-term prognosis
than patients with acute (nonfulminant) myocarditis.

One hundred and forty-seven patients with recent (<12
months) unexplained cardiomyopathy or unexplained ven-
tricular arrhythmias who underwent endomyocardial biopsy
(EMB) and met the following criteria were included in the
study: evidence of “borderline” or “active” myocarditis on
biopsy, according to the Dallas histopathological criteria;
absence of any underlying disorder known to be associated
with myocarditis; and documented left ventricular dysfunc-
tion, defined as an ejection fraction <40%. Patients <15
years of age and patients with chronic active myocarditis
were excluded.

The Lieberman criteria (J Am Coll Cardiol. 1991;18:1617-
1626.) were used to classify patients as having either acute
or fulminant myocarditis. Classification of fulminant my-
ocarditis required patients to have severe hemodynamic
compromise requiring high doses of vasopressors or a left
ventricular assist device and at least two of the following
clinical features: fever, rapid onset of heart failure symp-
toms, and history consistent with the diagnosis of a viral
illness within two weeks of symptom onset. Classification
of acute myocarditis required patients to have had an in-
distinct onset of heart failure symptoms, be hemodynami-
cally stable, and remain afebrile.

The end point of the study was death or cardiac transplan-
tation. Mortality data was ascertained by direct contact with
the patient or the patient’s family, review of the medical
records, search of the National Death Index, or all three.
Fifteen patients (10%) had fulminant myocarditis and the
rest had active myocarditis. Average follow-up was 5.6 years

for the study group. During this time, 48 patients died and
7 received a heart transplant. Overall five-year transplan-
tation-free survival rate was 70%. Only one patient with
fulminant myocarditis died. All of the heart transplants
occurred in patients with acute myocarditis. Among the
patients with fulminant myocarditis, 95% were alive at
one year and 93% were still alive at 11 years. In contrast,
only 85% of the patients with acute myocarditis were alive
without having received a transplant at one year and only
45% were still living without a transplant at the end of 11
years. There was no significant difference in transplant-free
survival at one and five years between patients with histo-
logically confirmed borderline myocarditis on EMB and
those with active myocarditis. Multivariate analysis demon-
strated that fulminant lymphocytic myocarditis was an in-
dependent predictor of long-term transplantation-free sur-
vival, after adjustments were made for age, severity of
inflammation, and hemodynamic variables.

This study is significant in that it shows that patients with
fulminant myocarditis have a different clinical course from
patients with active lymphocytic myocarditis and, paradox-
ically, have better long-term transplantation-free survival.
Aggressive management of patients with a clinical picture
of fulminant myocarditis is warranted. Cardiac transplan-
tation should be avoided in the first few weeks, as left
ventricular systolic function is likely to improve and long-
term prognosis is excellent.

Long-term outcome of fulminant myocarditis as compared 
with acute (nonfulminant) myocarditis

R. E. McCarthy III, J. P. Boehmer, R. H. Hruban, G. M. Hutchins, E. K. Kasper, 
J. M. Hare, K. L. Baughman

N Engl J Med. 2000;342:690-695
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iagnosing acute myocarditis remains chal-
lenging, as patients present with a wide array
of symptoms that often mimic other disor-
ders. Cardiovascular magnetic resonance im-
aging (CMR) has become an important tool

to help confirm this diagnosis. This study investigates var-
ious CMR approaches used in myocarditis in order to pro-
pose clear-cut diagnostic criteria that can be used for the
assessment of patients with suspected acute myocarditis.

Study methods were simple and straightforward. Twenty-five
patients with suspected acute myocarditis and 23 healthy
control patients were included in the study. Inclusion cri-
teria for the patients were signs and symptoms of heart
disease, evidence of myocardial injury per standard elec-
trocardiogram criteria and elevated cardiac biomarkers,
and exclusion of coronary heart disease by angiography or
clinical criteria. Exclusion criteria included previous myo-
cardial infarction, chronic myocarditis, and known con-
traindications to CMR.

CMR studies were performed on a 1.5-T system. Each study
included the following sequences: (i) T2-weighted triple
inversion recovery; (ii) T1-weighted spin echo before and
over 4 minutes after gadolinium injection; and (iii) inversion
recovery-gradient echo 10 minutes after gadolinium injec-
tion. Qualitative and quantitative analysis was performed
to assess for: (i) focal and global T2 signal intensity (SI);
(ii) myocardial global relative enhancement (gRE); and
(iii) areas of late gadolinium enhancement (LGE). Regions
of interest covering the left ventricular myocardium and
skeletal muscle in the same slice were manually drawn in
the precontrast images and copied to the postcontrast
images. The myocardial T2-weight signal intensity was re-
lated to that of skeletal muscle. High T2 SI and LGE areas
(both defined as areas with an SI greater than that of normal
myocardium plus two standard deviations) were identified.
These areas were manually traced and their volume ex-
pressed as a percentage of the total myocardial slice volume.

Global gRE was significantly higher in patients compared
with controls. Using a cut-off value of 4.0 resulted in a

sensitivity of 80%, specificity of 68%, and diagnostic accu-
racy of 74.5%. The global T2-weighted SI was also signifi-
cantly higher in patients compared with controls. A cut-off
value of 1.9 yielded a sensitivity of 85%, specificity of 74%,
and a diagnostic accuracy of 79%. The sensitivity, speci-
ficity, and diagnostic accuracy of LGE were 44%, 100%, and
71%, respectively. Posterolateral and inferior segments
were affected in nearly three quarters of the patients, while
the anterior and septal segments were affected in only
about one third of patients respectively. LGE was always
located in the epicardium or midventricular wall and nev-
er in the endocardium. The best diagnostic performance
was obtained when any two of the three sequences were
positive in a given patient (gRE:SI ratio 4.0; T2:SI ratio 1.9;
and LGE: presence of visually detected bright areas). This
“any two” approach had 76% sensitivity, 95.5% specificity,
and 85% accuracy.

The results of this study confirm that CMR is a useful diag-
nostic tool in assessing patients with suspected acute my-
ocarditis. They also suggest that using the “any two” ap-
proach may improve the diagnostic performance of CMR,
particularly when patients present with symptoms typical
for acute coronary syndrome, which occurs fairly frequently.

D

In South Africa, Schabir Shaik, a financial advisor
to deputy president Jacob Zuma, is found guilty 

of two counts of corruption and one of fraud;
Jamaican Asafa Powell clocks 9.77 seconds 

for the 100 meters to set a new world record; and
a previously unknown poem by the classical Greek
lyric poet Sappho is discovered on an Oxyrhynchus

papyrus at Cologne University
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Diagnostic performance of cardiovascular magnetic resonance 
in patients with suspected acute myocarditis: comparison 
of different approaches

H. Abdel-Aty, P. Boyé, A. Zagrosek, R. Wassmuth, A. Kumar, D. Messroghli, P. Bock, R. Dietz, 
M.G. Friedrich, J. Schulz-Menger

J Am Coll Cardiol. 2005;45:1815-1822
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diopathic giant cell myocarditis (GCM), is a unique
entity that is quite rare and has an extremely poor
prognosis. This paper is a landmark study in the field
of myocarditis because it outlines the natural his-
tory and effect of treatment in patients with this

disease. Information on potential study participants was
solicited through study announcements in several leading
cardiovascular journals published in the United States as
well as through direct mailings to the directors of US heart
transplantation centers participating in the United Network
for Organ Sharing and to major cardiovascular centers
worldwide. Using the enrollment criterion of a definite
histologic diagnosis of giant cell myocarditis, data on 90
patients from 49 medical centers in 16 countries were re-
viewed. Detailed case reports forms were sent to investi-
gators at each of theses sites. A single cardiac pathologist,
who was blinded to the patients’ histories, reviewed all of
the histologic slides and detailed photomicrographs and
confirmed 54 cases of giant cell myocarditis. An additional
9 patients were included because the 3 investigators who
could not provide pathologic slides reported histologic find-
ings typical of giant cell myocarditis that had been con-
firmed by experienced cardiac pathologists. This resulted in
a total of 63 patients being included in the study population.

The rate of survival for patients with giant cell myocarditis
was worse than among the 111 patients in the Myocarditis
Treatment Trial (see Seminal Article 1). Among the patients
with giant cell myocarditis, the rate of death or cardiac
transplantation was 89% and median survival was only 5.5
months from onset of symptoms. In contrast, the mortality
rate for patients in the Myocarditis Treatment Trial was
only 20% at 1 year and 56% at 4.3 years.

The time from onset of symptoms to the end point of either
death, cardiac transplantation, or the end of follow-up was
longer for patients treated with combination immunosup-
pressive therapy than for those who did not receive these
combination therapies. One third (22) of the patients were
treated with corticosteroids and cyclosporine, azathioprine,
or both therapies. These patients survived an average of
12.3 months. Patients treated with cyclosporine in combi-

nation with any other immunosuppressive agent had the
best survival rate, averaging 12.6 months, while patients
treated with corticosteroids alone only had a 3.8-month
transplant-free survival period.

The efficacy of cardiac transplantation is uncertain because
giant cell myocarditis can recur in the transplanted heart.
Transplantation occurred in 34 patients in this study a
median of 6 months after onset of symptoms. Nine of them
(25%) died during an average follow-up of 3.7 years. Of these
patients, 5 died within 30 days of transplantation. Giant
cell infiltrate, as identified by endomyocardial biopsy, oc-
curred in 9 of the 34 patients an average of 3.0 years after
transplantation (range, 3 weeks to 9 years). Three of these
9 patients had symptoms of left ventricular failure and one
of these 3 patients subsequently died, despite receiving
aggressive immunosuppressive therapy. The giant cell in-
filtrate and the symptoms of the other two patients resolved
with increased immunosuppressive therapy.

This investigation revealed several important insights re-
garding giant cell myocarditis. Combined immunosuppres-
sive therapy, particularly if it included cyclosporine, delayed
time to death or transplantation. Despite delaying the
progression, approximately 50% of the cyclosporine-treated
patients ultimately died or required heart transplantation.
Although recurrent disease occurs in 25% of transplanted
patients, transplantation remains the treatment of choice for
many patients with this otherwise frequently fatal disease.

I

French explorer Jacques-Yves Cousteau dies;
Canadian prime minister Jean Chrétien wins a 

second consecutive election; and Mary Robinson
resigns from her post as president of Ireland to 

promote civil rights worldwide for the United Nations.
She is a barrister and an expert on human rights law

1997/1897

Idiopathic giant-cell myocarditis—natural history and treatment.
Multicenter Giant Cell Myocarditis Study Group Investigators

L. T. Cooper Jr, G. J. Berry, R. Shabetai; Multicenter Giant Cell Myocarditis Study Group Investigators

N Engl J Med. 1997;336:1860-1866
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espite advances in immunology and virology,
establishing the etiopathogenetic features
of myocarditis remains a challenging task.
Patients present with a broad spectrum of
histologic and serologic features that can

make it difficult to manage these patients, particularly with
regard to treatment and prognosis. These authors propose
that assessment of the viral genome and quantitation of
antiheart antibodies (AHAs) in patients with myocarditis
will lead to the development of etiologically-driven therapy,
which will, in turn, improve prognosis for this potentially
devastating disease.

The study population consisted of 174 consecutive symp-
tomatic patients with clinically suspected myocarditis ad-
mitted to a tertiary referral center from January 1992 to
May 2005. All patients underwent endomyocardial biopsy
(EMB). Eighty-five of these patients had histologic evidence
of active myocarditis, according to the Dallas criteria, while
the remaining 89 patients had evidence of borderline my-
ocarditis (no diffuse or severe inflammation). Immunohis-
tochemistry was used to assess inflammatory infiltrates.
Polymerase chain reaction (PCR) and reverse transcriptase
PCR were utilized to detect all cardiotropic viral genomes
(except parvovirus B19, which was not implemented until
2000). The frequency of positive PCR in myocarditis was
compared with that of a control group consisting of 13 pa-
tients with histologically confirmed noninflammatory heart
disease diagnosed via EMB. Testing for AHA was conducted
by standard immunofluorescence of sera from the 130 pa-
tients in whom it was available. 

IgG class AHAs were detected in 73 (56%) of the study pa-
tients. Fifty-four of these (41%) were organ-specific and 
19 (15%) were partially organ-specific. Organ-specific AHAs
occurred much more frequently in myocarditis patients
(41%) than in those with noninflammatory heart disease
(1%), ischemic heart disease (1%), or blood donors (2.5%).
Partially organ-specific AHAs also occurred much more
frequently in patients with myocarditis. Viral PCR was posi-
tive in 31 (25%) of the 120 study patients tested. Of these, 
5 were positive for more than one virus. No control patients

tested had virus-positive PCR. The most frequently detect-
ed virus was enterovirus (15), followed by adenovirus (6),
Epstein-Barr virus (5), mumps (3), cytomegalovirus (3), par-
vovirus B19 (3), hepatitis C virus (2), and herpes simplex
virus (1). Myocarditis was classified as autoimmune (posi-
tive AHA result and virus-negative PCR) in 47 of the 98 pa-
tients in whom combined AHA and PCR was available. Viral
myocarditis (virus-positive PCR and negative AHA result)
was diagnosed in 9 patients, while 12 patients were diag-
nosed with viral and immune (virus-positive PCR and pos-
itive AHA result) myocarditis and 30 patients (nearly one
third) were classified as having idiopathic and/or cell-
mediated (virus-negative PCR and negative AHA result)
myocarditis.

One hundred and twenty-four patients survived without
transplant during follow-up (median duration 23.6 months),
26 either died or received a transplant, and 24 were lost
to follow-up. Survival was 87% at 2 years, 80% at 3 years,
and 73% at 6 years. Patients with virus-positive PCR had a
higher risk of death compared with the group as a whole
(P=0.02). 

AHAs indicated immune-mediated myocarditis in the major-
ity of cases in this study and a virus-positive PCR was a uni-
variate predictor of adverse prognosis in patients with myo-
carditis. These results are intriguing and suggest that AHA
and viral genomic studies may help guide the clinical deci-
sion-making process for managing patients with myocarditis.

D

A prospective study of biopsy-proven myocarditis: prognostic 
relevance of clinical and aetiopathogenetic features at diagnosis 

A. L. P. Caforio, F. Calabrese, A. Angelini, F. Tona, A. Vinci, S. Bottaro, A. Ramondo, 
E. Carturan, S. Iliceto, G. Thiene, L. Daliento 

Eur Heart J. 2007;28:1326-1333

Austrian politician and former United Nations 
secretary general Kurt Waldheim dies;

Greece’s electricity grid nearly collapses 
due to record demand for air conditioning during 

the worst heat wave in a century; and
the Valley of Geysers on the Kamchatka Peninsula
in the Russian Far East is destroyed by a mudflow
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iral myocarditis is an entity characterized by
a complex interplay between virus-triggered
innate and adaptive immune responses result-
ing in pathogenic autoimmunity. Coxsackie
is one of the many cardiotropic viruses im-

plicated in this disease. The author of this paper devel-
oped a mouse model of autoimmune myocarditis induced
by infection with a cardiotropic strain of coxsackievirus 
B3 (CB3). This paper reviews the results of investigations
made with this model, which have helped to delineate the
autoimmune response to this viral infection.

Indirect immunofluorescence studies showed the presence
of heart-specific antibodies in both the early and late phase
of the disease. The presence of cardiac-specific antibodies
in the late phase of disease suggested that this may be re-
lated to autoimmunity. To establish the autoimmune origin
of late phase myocarditis, the disease was reproduced in
the mouse model by experimental immunization with car-
diac myosin. All of the mouse strains susceptible to CB3-
induced late-phase myocarditis developed strong IgG 
antibodies specific for cardiac myosin and most of the an-
imals developed a histologic picture typical of late-phase
myocarditis. No cardiac myosin antibodies were produced
in the mice resistant to late-phase myocarditis. This proved
that mouse strains susceptible to CB3-induced late-phase
myocarditis were also susceptible to autoimmune myo-
carditis induced by immunization with purified cardiac
myosin, leading to the conclusion that the genetic predis-
position to developing an immune response to cardiac
myosin is the critical factor in determining susceptibility
to the late phase of the viral disease.

The investigators used bacterial lipopolysaccharide (LPS),
an agent known to augment the innate immune response,
to determine what effect early and/or late immunity had
on adaptive immunity. LPS treatment of CB3-infected mice
normally resistant to autoimmune myocarditis resulted in
the production of the typical autoimmune disease. Serum
samples of the LPS-treated animals revealed heightened
levels of cytokines, particularly interleukin 1β (IL-1β) and
tumor necrosis factor α (TNF-α). A large number of leuko-

cytes containing these 2 cytokines were found in the in-
flamed areas of the myocardium. Subsequent experiments
showed that the differential production of IL-1β and TNF-α,
as well as IL-18, occurs as early as 6 hours after infection
with the CB3 virus, indicating that the very earliest innate
immune response to the virus determines the development
of a pathogenic autoimmune response.

CD4 T cells play a critical role in the induction of autoim-
mune myocarditis, as they secrete key cytokines, among
them interferon gamma (IFN-γ). This author showed that
IFN-γ deficiency promotes severe inflammation and marked-
ly impaired cardiac function, suggesting that severe auto-
immune myocarditis is associated with the preferential
expansion of certain CD4 T cells (CD25–) and, alternatively,
that CD25+ CD4 T cells may slow the development and
progression of the disease. Further experiments showed
that macrophages play an important role as well, as inhibi-
tion of mononuclear cell migration reduced the prevalence
and severity of myocarditis. Additional studies confirmed
that antibodies are yet another key component.

This paper reviews over 30 years of autoimmune and postvi-
ral myocarditis basic research. Collectively, the insights
from the studies summarized in this paper constitute the
scientific rationale for immunomodulatory therapies in-
cluding IVIG, immunoadsorption, and plasmapheresis.

Autoimmunity in Coxsackievirus infection

N. R. Rose

Curr Top Microbiol Immunol. 2008;323:293-314 
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Rising food and fuel prices trigger riots and 
unrest in the Developing World; US swimmer

Michael Phelps wins 8 gold medals at the Beijing
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of Mark Spitz; and after three decades as chairman
of Microsoft, Bill Gates steps down to concentrate

on his charitable activities
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ight ventricular endomyocardial biopsy (EMB)
is widely used as a diagnostic tool for assess-
ing patients with known or suspected cardio-
myopathies. It remains the gold standard for
confirming the diagnosis of myocarditis and

ascertaining myocardial viral persistence. Although EMB
has been performed for many years and the role of EMB in
the management of cardiovascular disease is increasing,
concerns about possible complications have hampered the
widespread acceptance of this procedure. This study is
important because it is the largest investigation to evaluate
the incidence of major and minor complications of right
ventricular EMB.

This study was both retrospective and prospective. The
retrospective part of the study included 1919 consecutive
adult patients enrolled over the course of 9 years. The pros-
pective trial enrolled 496 patients over a period of 2 years.
None of the patients was in a posttransplant setting. These
2415 patients underwent a total of 3048 EMB procedures
over 11 years. The indications for EMB were broad, includ-
ing evaluation of left ventricular dysfunction, assessment
of the effects of immunomodulating therapy in viral myo-
carditis and inflammatory cardiomyopathy, and investiga-
tion of unexplained arrhythmias, neoplastic heart disease,
and systemic disease with possible cardiac involvement.
All patients underwent echocardiography and coronary
angiography.

Major complications included death, urgent cardiac sur-
gery, advance cardiac life support, pericardiocentesis for
cardiac tamponade, complete atrioventricular block requir-
ing permanent pacemaker placement, hemothorax, and
pneumothorax. Minor complications included pericardial
effusion without tamponade, temporary or permanent right
bundle-branch block, temporary Mobitz II block requiring
atropine, complete heart block requiring either atropine
or temporary pacing, nonsustained ventricular tachycardia,
and atrial fibrillation lasting <12 hours or cardioversion of
atrial fibrillation. EMB procedures were performed by 4
experienced operators using a modified Cordis bioptome
inserted via the right femoral vein. In the retrospective

part of the study, all patients who experienced chest pain,
dyspnea, or electrocardiogram (ECG) changes following
the EMB procedure underwent echocardiography. In the
prospective trial, all patients underwent both ECG and
echocardiography testing following the procedure. All ad-
verse EMB procedure-related events were recorded.

No patients died or required emergency cardiac surgery.
Major complications were rare in the retrospective part of
the study: 2 patients had cardiac tamponade and 1 patient
required permanent pacemaker placement for persistent
conduction abnormalities. No major complications oc-
curred in the prospective portion of the study. The major
complication rate was thus 0.12% in the retrospective study
and 0% in the prospective study. Minor complications oc-
curred more frequently. Five patients in the retrospective
trial required temporary pacing, for a minor complication
rate of 0.20% in this group. The prospective trial had a
higher rate of minor complications (5.5%).

The results of this study reveal that the right ventricular
EMB procedure is very safe when performed by experienced
operators using a modified Cordis bioptome inserted via
the right femoral vein. Major and minor complications
were extremely rare.

Complication rate of right ventricular endomyocardial biopsy 
via the femoral approach: a retrospective and prospective study
analyzing 3048 diagnostic procedures over an 11-year period

M. Holzmann, A. Nicko, U. Kühl, M. Noutsias, W. Poller, W. Hoffmann, A. Morguet, 
B. Witzenbichler, C. Tschöpe, H.-P. Schultheiss, M. Pauschinger

Circulation. 2008;118:1722-1728
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President George W. Bush signs the 
US$ 700 billion bailout bill; the 2008 Nobel Prize

in Physiology or Medicine is awarded jointly to
Harald zur Hausen (discovery of HPV) and
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(discovery of HIV); and trading is suspended on
Russia’s stock exchanges after shares fall almost

20% amid concerns over oil prices and 
the global economy
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