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Myocarditis is defined as inflammation of the myocardium
accompanied by myocellular necrosis. Acute myocarditis must
be considered in patients who present with recent onset of
cardiac failure or arrhythmia. Often there is a history of an
antecedent flu-like illness. Fulminant myocarditis is a distinct
entity characterized by sudden onset of severe congestive
heart failure or cardiogenic shock, usually following a flu-like
illness. Giant cell myocarditis is a rare, frequently fatal disorder
of unknown origin characterized by presence of giant cell
inflammatory infiltrate in the myocardium. In recent years we
have made good progress in understanding the causes, patho-
genesis, natural history, diagnosis, and treatment of myocardi-
tis. However, our knowledge is still far from complete. New
information that extends our understanding of myocarditis is
being reported constantly. This review summarizes recent
advances in myocarditis, with an emphasis on the literature
during the last year. Curr Opin Pediatr 2001, 13:234-239 © 2001
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Myocarditis is defined as inflammation of the
myocardium accompanied by myocellular necrosis.
Acute myocarditis must be considered in patients who
present with recent onset of cardiac failure or arrhyth-
mia, though the onset of clinical cardiac symptoms may
be vague in many patients. Often there is a history of an
antecedent flu-like illness. In contrast, fulminant
myocarditis is a distinct entity characterized by the
sudden onset of severe congestive heart failure or
cardiogenic shock, usually following a flu-like illness.
Giant cell myocarditis is a rare, frequently fatal disorder
of unknown origin characterized by presence of giant
cell inflammatory infiltrate in the myocardium [1e].
Despite these apparent distinctions there may be
overlap between these clinical entities. In recent years
we have come a long way in understanding the etiology,
pathogenesis, natural history, diagnosis, and treatment
of myocarditis. However, our knowledge is still far from
complete. New information that extends our under-
standing of myocarditis is reported constantly. This
review summarizes recent advances in myocarditis, with
an emphasis on the literature during the last year.

Etiology and incidence

The etiology of myocarditis has been associated with
various infections, systemic discases, drugs, and toxins.
Among the infectious agents, a wide array of organ-
isms, including viral, bacterial, rickettsial, fungal, and
parasitic organisms, have been implicated as causative
agents [2ee]. Organisms like Trypanosoma cruzi (Chagas
disease) and Corynebacterium diphtheriae (diphtheria) are
common causes of myocarditis worldwide but are
found infrequently in the United States [3,4]. In the
United States and Europe, viruses are probably the
most important cause of myocarditis, with coxsack-
ievirus the most common viral pathogen (Table 1).
Adenovirus has been implicated recently as an impor-
tant cause of myocarditis as well [5]. Other viruses that
have been reported to cause myocarditis in recent liter-
ature include Epstein-Barr virus [6], human
herpesvirus [7], parvovirus B19 [8], and hepatitis C
virus [9]. Among the toxins, cocaine abuse has been
associated with the acute onset of cardiac dysfunction
[10]. Nevertheless, the exact cause remains unknown
in the majority of patients with presumed myocarditis.
Giant cell myocarditis is a rare and frequently fatal
disease characterized by widespread necrosis and
degeneration of myocardial fibers. It may be associated
with various systemic autoimmune diseases.



Table 1. Viral causes of myocarditis

Common causes Uncommon/rare causes

Coxsackievirus
Adenovirus

Cytomegalovirus
Echovirus
Epstein-Barr virus
Human herpesvirus
Parvovirus B19
Hepatitis C
Influenza A
Respiraory syncytial viurs
Mumps virus

HIV

Rubella

Measles

The number of cases of acute myocarditis appears to
have declined since the 1980’s. In a recent single institu-
tion report, the percentage of patients with an endomy-
ocardial biopsy diagnosis of acute myocarditis decreased
from 20% in 1985 to less than 2% in 1996 (P < 0.001 for
annual trend) [11ee]. However, the number of cases of
fulminant myocarditis in the same report remained rela-
tively constant, at about one case per year.

Myocarditis has been implicated in sudden infant death
syndrome. In a pathologic analysis of 331 infants who
died from sudden infant death syndrome, 16% were
found to have inflammatory infiltrates in the
myocardium [12]. The incidence of biopsy-proven
myocarditis in peripartum cardiomyopathy may be as
high as 62% [13ee]. Finally, there is also increasing
evidence that a significant proportion of patients with
dilated cardiomyopathy may have evidence of ongoing
myocarditis [14ee].

Pathogenesis

Although viral infection is the most common initiating
trigger of acute myocarditis, the subsequent autoim-
mune response appears to be the major contributing
factor to cellular injury [15@¢]. Because myocarditis in
humans is relatively rare, our understanding of the
pathophysiology of myocarditis comes largely from
animal models. Coxsackievirus B3—-induced murine
myocarditis is characterized by a transient initial phase
followed by a secondary phase in susceptible strains.
The initial phase, lasting up to 4 days, most likely
reflects the direct cytopathic effect of the virus, and
consists of focal myocyte necrosis and polymorphonu-
clear and monocytic infiltration. Virus can be detected
from the myocardium in this early phase. The secondary
phase of murine myocarditis appears to be the effect of
altered immune regulation. Major histocompatibility
complex class 1 and II molecules are important in
presenting foreign antigens such as viruses to the
immune system. The major histocompatibility
complex—presenting cells in turn stimulate the produc-
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tion of CD4+ T helper cells and CD8+ cytotoxic T cells,
with subsequent production of proinflammatory
cytokines. That cytokines play an important role in
myocyte damage leading to dilated cardiomyopathy is
suggested by the high incidence of cytokines, especially
tumor necrosis factor-o, interleukin-6, and interleukin-
8, in patients with myocarditis and dilated cardiomyopa-
thy [16]. Conversely, other cytokines, like interleukin-
10 and -12 may play a protective role in viral myocarditis
[17,18]. Nitric oxide is produced in the heart and plays
an important role in the murine model of coxsackievirus
B3—induced myocarditis. Inducible nitric oxide synthase
activity appears on day 4, peaks on day 8, and can be
detected for 1 month after virus inoculation in the
murine model [19¢]. The high levels of nitric oxide,
which appear to be a part of the immune defense against
the virus, may be toxic to host tissue and may promote
ventricular dilatation. 'T" cells produced e #ovo in the
bone marrow play a major role in the pathogenesis of the
autoimmune myocarditis [20e].

The concept of myocarditis as an autoimmune phenom-
enon is supported by studies linking persistence of viral
RNA in the myocardium with induction of autoantibod-
ies. Patients with myocarditis often show autoantibodies
against adenine nucleotide translocator [21] and cardiac
myosin, and are associated with worse left ventricular
systolic and diastolic function [22e].

Recently, there has been new insight into the duration
of viral presence in the myocardium. Rapid, albeit
incomplete, clearance of viral RNA from the
myocardium has been demonstrated after the acute
phase of coxsackievirus B3 myocarditis in the mouse
[23e]. Nevertheless, viral RNA persisted in the
myocardium beyond the resolution of inflammation and
was still detectable in some animals 90 days after infec-
tion. Whether the persistence of virus plays a significant
role in the pathogenesis of human myocarditis needs
further investigation. Enteroviral RNA has been
detected in up to 35% of patients with dilated cardiomy-
opathy, supporting the hypothesis that the latter may be
a sequela of acute myocarditis and that persistence of
viral RNA may promote the development of dilated
cardiomyopathy [14]. Badorff ez al. [24¢] suggested a
molecular mechanism through which enteroviral infec-
tion contributes to the pathogenesis of dilated cardiomy-
opathy. They demonstrated that purified coxsackievirus
protease 2A cleaves dystrophin in infected myocytes,
thereby damaging the myocardial cytoskeleton and
leading to myocardial dysfunction.

Recently a specific myocardial receptor for adenovirus
and coxsackievirus B, the coxsackie-adenovirus receptor
(CAR), has been identified [25], providing a unifying
concept for the cardiac tropism of these agents. The
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CAR protein has been mapped to chromosome 2q11.2
[26]. Most recently, the specific amino-terminal
immunoglobulin domain of CAR necessary for aden-
ovirus binding has also been identified [27].
Manipulation of these binding sites has been shown to
alter adenoviral binding [28]. The presence or expres-
sion of these receptors may determine the susceptibility
of the host to viral myocarditis and may provide oppor-
tunities for innovative therapies.

There is emerging evidence to support the speculation
that dilated cardiomyopathy develops as a consequence
of myocarditis in a subgroup of genetically predisposed
individuals. Asymptomatic first-degree relatives of
patients with dilated cardiomyopathy have echocardio-
graphic evidence of left ventricular dysfunction [29] and
increased autoantibodies [30].

Diagnosis

Despite an array of invasive and noninvasive diagnostic
modalities, clinical criteria remain the most common
diagnostic method for acute myocarditis (Table 2).
Patients with acute myocarditis may present with a
variety of clinical scenarios, ranging from asymptomatic
with only subtle findings on an electrocardiogram or
echocardiogram, to fulminant heart failure and death.
Myocarditis may also mimic acute myocardial infarction
in patients with angiographically normal coronary arter-
ies [31]. The endomyocardial biopsy, using the Dallas
criteria for histopathologic classification, has remained
the gold standard for the diagnosis of acute myocarditis
despite limited sensitivity and specificity. Testing for
the presence of viral genome in endomyocardial biopsy
specimens by polymerase chain reaction (PCR) has
helped in providing further diagnostic and prognostic
information. The European Study of Epidemiology and
Treatment of Inflammatory Heart Disease (ESETCID)
included immunohistochemical markers along with
molecular techniques such as PCR and 77 situ hybridiza-
tion, in addition to the Dallas criteria, to define acute
and chronic myocarditis [32¢®]. The ESE'TCID found
ongoing inflammation in 17.2% and detected virus in

Table 2. Diagnostic modalities for myocarditis

Clinical symptoms
Clinical heart failure, recent flulike syndrome, arrythmias
Invasive
Myocardial biopsy—-histological characteristics (Dallas criteria)*,
PCR
Serological
Creatinine kinase, troponin |, troponin T, aFas, sFasL, CRP, tracheal
aspriate PCR, leukocytosis, sedimentation rate, autoantibodies
(anti-adenine neucleotide translocator, antimyosin) eosinophilia,
TNF-o
Noninvasive
Atinmyosin scintigraphy, contrast-enhanced MRI, echocardiography
and echocardiographic digital image processing, cine magnetic
resonance angiography, electrocardiogram

11.8% of endomyocardial biopsies in patients with clini-
cally suspected myocarditis.

The risk of perforation from endomyocardial biopsy
may be increased in young patients with myocarditis,
particularly those requiring inotropic support [33]. In
view of the limited sensitivity and specificity of
endomyocardial biopsy, emphasis is being placed on
newer, less invasive, modalities of diagnosing myocardi-
tis. PCR analyses of blood, peripheral fluid, and
tracheal aspirates have been used to search for viral
RNA. Unfortunately, blood and peripheral fluid PCR
were rarely positive for viral genome [34]. However,
tracheal aspirate samples in intubated patients had a
strong correlation with the endomyocardial biopsy
results [35]. Hence, tracheal aspirate PCR may emerge
as a useful diagnostic alternative to endomyocardial
biopsy in patients on mechanically assisted ventilation.
The validity of tracheal aspirate PCR in nonintubated
patients, however, needs further investigation.

Other noninvasive diagnostic modalities undergoing
active research include assays for autoimmune serum
markers and the induction of the major histocompatibil-
ity and intercellular adhesion molecules on cardiac
myocytes. Serum protein levels of soluble Fas (sFas)
and soluble Fas ligand (sFasl.) appear to be promising
serologic markers to predict the prognosis of acute
myocarditis [36]. Creatine kinase MB fraction, troponin
levels, and C-reactive protein are other serologic
markers that may help in the diagnosis or prognosis of
patients with myocarditis [37-39]. Increased levels of
antibodies against adenine nucleotide translocator and
myosin have been described in patients with myocardi-
tis, and these levels have been found to correlate with
worse left ventricular function over time [21,22e].

Additional noninvasive strategies being used to identify
myocarditis include autoimmune scintigraphy, contrast
enhanced magnetic resonance imaging (MRI), cine
magnetic resonance angiography and echocardiographic
digital image processing. Focal myocardial enhancement
on spin echo MRI strongly supports a diagnosis of
myocarditis, especially when associated with regional
wall motion abnormalities [40e]. Echocardiography, the
most readily available diagnostic modality, may help
differentiate acute and fulminant myocarditis. Patients
with fulminant myocarditis had near normal left ventric-
ular diastolic dimensions but increased septal thickness
when compared with patients with acute myocarditis
who had increased diastolic dimensions but normal
septal wall thickness [41e].

Treatment
The treatment of myocarditis has improved significantly
over the last decade (Table 3). However, supportive



care is still the mainstay of therapy for patients with
myocarditis. Patients with symptomatic heart failure
should be treated with conventional heart failure
medications including angiotensin converting enzyme
inhibitors, digitalis, diuretics, and, after stabilization,
beta-blockers. New evidence suggests a potential down-
side to using digoxin. In a murine model of viral
myocarditis, researchers found increased expression of
proinflammatory cytokines and increased mortality in
animals treated with high-dose digitalis [42]. Digoxin
should, therefore, be used with caution and at low doses.
Coxsackievirus B3 may be associated with alterations in
trace elements in the infected myocardium, therefore,
rhythm must be closely monitored. An increase in intra-
cellular calcium and decrease in magnesium may
contribute to increased risk of arrhythmias [43].

The use of immunosuppression in patients with
myocarditis remains controversial. Intravenous
immunoglobulin therapy may suppress myocarditis by
immunomodulation and the reduction of neurohumoral
activity. A recent study in the murine myocarditis
model showed that intravenous immunoglobulin
administration ameliorated both myocardial necrosis
and interstitial fibrin deposition by the reduction of
plasma catecholamines, interferon-alpha, and soluble
intercellular adhesion molecule-1 [44e]. Other immuno-
suppressive agents that have been used in patients with
acute myocarditis and severe heart failure include
methylprednisolone, cytotaxin, cyclosporine, azathio-
prine, and OK'T3. The use of OK'T3 in the immuno-
suppressive regimen was shown to inhibit or reverse
immune response and dramatically improve myocardial
function [45]. This retrospective study, like most
reports of immunosuppression in myocarditis, was
uncontrolled, nonrandomized and limited by its small
sample size and inability to specifically isolate the
effect of OK'T3 on myocarditis. The antigen—presenting
cells in the heart that are required for the effector T
cells to cause autoimmune myocarditis are a dynamic
bone marrow—derived population and not a fixed popu-

Table 3. Therapy for myocarditis

Standard therapy

ACE inhibitors, digitalis, diuretics, beta-blockers
Immunosuppression

IVIG, steroids, azathioprine, cyclosporine, cytoxan, OKT3
Mechanical support

LVAD, BVAD, ECMO
Novel therapy

Myelosuppression, viral vaccination, antivral agents, protease

inhibitors, specific monoclonal antibodies blocking th CAR antigen
Rescue therapy

Heart transplant

ACE, angiotensin-converting enzyme; BVAD, biventicular assis device;
CAR, coxsackie—adenovirus receptro, ECMO, extracorporeal
membrane oxygenation; IVG, intravenous immunoglobulin; LVAD, left
ventricular assist device; OKT3.
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lation [20e]. This may raise the possibility of myelosup-
pression as a treatment modality in acute myocarditis. In
general, there is insufficient convincing evidence of
therapeutic benefit to recommend the routine use of
immunosuppression for acute myocarditis. 'T'he ongoing
European T'rial may provide evidence for a role for
immunosuppression [32].

Delivery of antigens by the nasal route can induce
antigen—specific tolerance and suppress certain autoim-
mune diseases. Nasal administration of cardiac myosin
in the mouse was associated with decreased severity of
myocarditis [46¢]. Clinical application of potential thera-
pies using antigenic tolerance, however, remains prema-
ture at present. The identification of specific receptor
proteins to which cardiotropic viruses may bind raises
the potential for blocking these receptors, thereby
preventing myocellular injury during viral infection.
Initial animal experiments have demonstrated resistance
to viral infection when the CAR antigen was blocked by
specific monoclonal antibodies [47]. As new evidence
points to the persistence of viral RNA beyond the acute
phase and its possible role in the evolution to dilated
cardiomyopathy, use of antiviral medications needs to
be investigated. Several recent case reports have docu-
mented successful treatment of myocarditis with antivi-
ral agents [48,49]. Antiviral therapy is being assessed in
ESETCID, in which study enterovirus—positive patients
are randomly assigned to treatment with the antiviral
agent interferon-o or placebo [50]. Because coxsack-
ievirus protease 2A release leads to myocardial
cytoskeleton damage and dilated cardiomyopathy,
protease inhibitors may be reasonable agents to consider
for clinical investigation.

Patients with rapidly progressing severe heart failure and
shock may benefit from mechanical cardiac support with a
left ventricular assist device (LVAD), biventricular assist
device (BVAD) or extracorporeal membrane oxygenation
(ECMO). LVAD or ECMO can be an effective bridge to
transplantation in patients with fulminant heart failure (B.
Duncan, MD, written communication, February 2000)
[51]. However, the currently available LVAD and ECMO
systems are not suitable for extended support in the pedi-
atric population. Cardiac transplantation should be consid-
ered in all patients with acute myocarditis and severe heart
failure. However, patients with fulminant myocarditis who
have severe heart failure may have a good long-term prog-
nosis and should be given sufficient time to demonstrate
recovery and not be rushed to heart transplant [11ee].

Prognosis

It is difficult to say what the exact prognosis of the entire
spectrum of acute myocarditis is, because patients with
subclinical myocarditis may have only mild symptoms and
may go undetected. Conventional prognostic estimates
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are that one third of patients recover and do well, one
third improve clinically but have residual myocardial
dysfunction, and one third do poorly and have chronic
heart failure, which may cause mortality or require heart
transplantation. Severity at onset does not necessarily
predict-long term survival. A recent report of 132 adult
patients with biopsy-proven acute myocarditis showed a
45% survival at 11 years. This was in sharp contrast to a
93% survival without transplant in 15 patients with fulmi-
nant myocarditis [11ee]. Patients with both acute and
fulminant myocarditis presented with similar degrees of
myocardial dysfunction (shortening fraction [SF] 19 + 4%
vs 17 £ 7%). However at 6 months follow-up, patients
with fulminant myocarditis had undergone dramatic
improvement in left ventricular function (SF = 30 + 8%)
compared with no significant improvement in patients
with acute myocarditis [41e]. Children at three North
American centers, who required mechanical circulatory
support for severe, acute myocarditis, had a survival rate
of 80% at 1 year (B. Duncan, MD, written communica-
tion, February 2000). Conversely, giant cell myocarditis is
a highly lethal disorder characterized by rapidly progres-
sive congestive heart failure. The prognosis of giant cell
myocarditis is especially poor, with approximately 70% of
patients having died or been transplanted at 1 year [52e].
In contrast to the above encouraging results with mechan-
ical cardiovascular support, patients with giant cell
myocarditis who required an LLVAD before transplanta-
tion had only a 29% 1-year posttransplant survival rate.
Patients who did not require LVAD had a 93% 1-year
posttransplant survival [53].

Conclusions

New information continues to emerge to help us better
understand the causes, pathogenesis, diagnosis, and treat-
ment of myocarditis. The prognosis of patients with
myocarditis has improved significantly over the last
decade, particularly since the advent of improved therapy
for heart failure and the introduction of mechanical
cardiovascular support. T'reatment modalities targeting
cytokines and hormonal receptors, antiviral modalities
including vaccination, and better and longer lasting assist
devices are on the horizon. With such progress, we should
be able to better diagnose and treat patients with
myocarditis and mitigate dilated cardiomyopathy as a
long-term sequela of acute myocarditis.

References and recommended reading

Papers of particular interest, published within the annual period of review,
have been highlighted as:

* Of special interest

*« Of outstanding interest

1 Rosenstein ED, Zucker MJ, Kramer N: Giant cell myocarditis: most fatal of
. autoimmune diseases. Semin Arthritis Rheum 2000, 30:1-186.
A comprehensive review of giant cell myocarditis.

2 Feldman AM, McNamara D: Myocarditis. N Engl J Med 2000,
es  343:1388-1398.

This comprehensive review discusses the epidemiology, causation, pathophysi-
ology, diagnosis, and treatment of myocarditis.

3  Schofield CJ, Dias JC: The southern cone initiative against Chagas
disease. Adv Parasitol 1999, 42:1-27.

4 Haveldar PV, Saakpal MN, Doddannavar RP: Diphtheritic myocarditis: clini-
cal and laboratory parameters of prognosis and fatal outcome. Ann Trop
Paediatr 2000, 20:209-215.

5 Grumbach IM, Heim A, Pring-Akerbloml, et al.: Adenoviruses and
enteroviruses as pathogens in myocarditis and dilated cardiomyopathy.
Acta Cardiol 1999, 54:83-88.

6 Fraisse A, Pout O, Zandotti C, et al.: Epstein-Barr virus: an unusual cause
of acute myocarditis in children. Arch Pediatr 2000, 7:752-755.

7 Fukae S, Ashzawa N, Morikawa S, et al.: A fatal case of fulminant myocardi-
tis with human herpesvirus infection. Intern Med 2000, 39:632-636.

8 Nigro G, Bastianon V, Colloridi V, et al.: Human parvovirus B19 infection in
infancy associated with acute and chronic lymphocytic myocarditis and high
cytokine levels: report of 3 cases and review. Clin Infec Dis 2000, 31:65-69.

9 Matsumori A, Yutani C, lkeda Y, et al.: Hepatitis C virus from the hearts of
patients with myocarditis and cardiomyopathy. Lab Invest 2000,
80:1137-1142.

10 Saltzberg MT: Secondary and infiltrative cardiomyopathies. Curr Treat
Options Cardiovasc Med 2000, 2:373-384.

11 McCarthy Il RE, Boehmer JP, Hruban RH, et al.: Long term outcome of

e fulminant myocarditis as compared with acute (nonfulminant) myocarditis.
N Engl J Med 2000, 342:690-695.

This article shows that fulminant myocarditis is a distinct clinical entity with an

excellent long-term prognosis.

12 Rasten-Almqvist P, Eksborg S, Rajs J: Heart weight in infants: a compari-
son between sudden death infant syndrome and other causes of death
Acta Paediatr 2000, 89:1062-1067.

13 Felker GM, Jaeger CJ, Klodes E, et al.: Myocarditis and long-term survival in
ee  peripartum cardiomyopathy. Am Heart J 2000, 140:785-791.

14 Fujioka S, Kitaura Y, Ukimura A, et al.: Evaluation of viral infection in the

es  myocardium of patients with idiopathic dilated cardiomyopathy. J Am Coll
Cardiol 2000, 36:1920-1926.

This article shows that active viral RNA replication can be found in a significant

proportion of patients with idiopathic dilated cardiomyopathy.

15 Bowles NE, Towbin JA: Molecular aspects of myocarditis. Curr Infect Dis
es  Rep 2000, 2:308-314.

An excellent review of the etiology and molecular mechanisms involved in
myocarditis.

16 Satoh M, Tamaura G, Segawa |, et al.: Expression of cytokine genes and
presence of enteroviral genomic RNA in endomyocardial biopsy tissues of
myocarditis and dilated cardiomyopathy. Virchows Arch 1996,
427:503-509.

17 Nishio R, Matsumori A, Shioi T, et al.: Treatment of experimental viral
myocarditis with interleukin-10. Circulation 1999, 100:1102-1108.

18 Shioi T, Matsumori A, Nishio R, et al.: Protective role of interleukin-12 on
viral myocarditis. J Med Cell Cardiol 1997, 29:2327-2334.

19 Mikami S, Kawashima S, Kanazawa K, et al.: Expression of nitric oxide
. synthase in a murine model of viral myocarditis induced by coxsackievirus
B3. Biochem Biophys Res Commun 1996, 220:983-989.

20 Ratcliffe NR, Wegmann KW, Zhao RW, et al.: Identification and characteri-

. zation of the antigen presenting cell rat autoimmune myocarditis: evidence
of bone marrow derivation and nonrequirement for MHC class 1 compati-
bility with pathogenic T cells. J Autoimmun 2000, 15:369-379.

This article shows that antigen presenting cells that result in T-cell-induced

myocarditis are a dynamic bone marrow—derived population and not a fixed

population.

21 Schultheiss HP, Schulze K, Domer A: Significance of the adenine
nucleotide translocator in the pathogenesis of viral heart disease. Mol Cell
Biochem 1996, 163/164:319-27.

22 Lauer B, Schannwell M, Kuhl U, et al.: Antimyosin autoantibodies are asso-
ciated with deterioration of systolic and diastolic left ventricular function in
patients with chronic myocarditis. J Am Coll Cardiol 2000, 35:11-18.

23 Reeto KN, Osman SA, lllavia SJ, et al.: Quantitative analysis of viral RNA

. kinetics in coxsackievirus B induced murine myocarditis: biphasic pattern of
clearance following acute infection, with persistence of residual viral RNA
throughout and beyond the inflammatory phase of disease. J Gen Virol
2000, 81:2755-2762.



This article shows that viral RNA persists in the myocardium beyond the resolu-
tion of inflammation and can still be detected in a proportion of animals 90 days
after the resolution of infection.

24 Badorff C, Lee GH, Lamphear BJ, et al.: Enteroviral protease 2A cleaves

. dystrophin: evidence of cytoskeletal disruption in an acquired cardiomyopa-
thy. Nat Med 1999, 5:320-326.

This review article discusses the potential pathways for mechanisms by which

the dystrophin cleavage during coxsackie viral infection may contribute to dilated

cardiomyopathy.

25 Bergelson JM: Receptors mediating adenovirus attachment and internaliza-
tion. Biochem Pharmacol 1999, 57:975-979.

26 Bowles KR, Gibson J, Wu J et al.: Genomic organization and chromosomal
localization of the human coxsackievirus B-adenovirus receptor gene. Hum
Genet 1999, 105:354-359.

27 Van Raaij MJ, Chouin E, van der Zandt H, et al.: Dimeric structure of the
coxsackievirus and adenovirus receptor D1 domain at 1.7 A resolution.
Structure Fold Des 2000, 8:1147-1155.

28 Rolvink PW, Mi Lee G, Linfeld DA, et al.: Identification of a conserved
receptor-binding site on the fiber proteins of CAR-recognizing
Adenoviridae. Science 1999, 286:1568-1571.

29 Baig MK, Goldman JH, Caforio ALP, et al.: Familial dilated cardiomyopathy:
cardiac abnormalities are common in asymptomatic relatives and may
represent early disease. J Am Coll Cardiol 1998, 31:195-201.

30 Caforio ALP, Keeling PJ, Zachara E, et al.: Evidence from family studies for
autoimmunity in dilated cardiomyopathy. Lancet 1994, 344:773-777.

31 Angelini A, Calzolari V, Calabrese F, et al.: Myocarditis mimicking acute
myocardial infarction: role of endomyocardial biopsy in the differential diag-
nosis. Heart 2000, 84:245-250.

32 Hufnagal G, Pankuweit S, Richter A, et al.: The European Study of

e Epidemiology and Treatment of Cardiac Inflammatory Diseases (ESETCID):
first epidemiological result. Herz 2000, 25:279-285.

This prospective randomized study screened patients with myocarditis not only

for infiltrating cells, but also for the presence of persisting viral genome. Initial

results demonstrate that viral persistence may contribute to the pathogenesis of

inflammatory heart muscle disease.

33 Pophal SG, Sigfusson G, Booth KL, et al.: Complications of endomyocar-
dial biopsy in children. J Am Coll Cardiol 1999, 34:2105-2110.

34 Martin AB, Webber S, Fricker FJ, et al.: Acute myocarditis: rapid diagnosis
by PCR in children. Circulation 1994, 90:330-333.

35 Akhtar N, Ni J, Stromberg D, et al.: Tracheal aspirate as a substrate for
polymerase chain reaction of viral genome in childhood pneumonia and
myocarditis. Circulation 1999, 99:2011-2018.

36 Fuse K, Kodama M, Okura Y, et al.: Predictors of disease course in patients
with acute myocarditis. Circulation 2000, 102:2829-2835.

37 de Souza AP, Olivieri BP, de Castro SL, et al.: Enzymatic markers of heart
lesion in mice infected with Trypanosoma cruzi and submitted to benznida-
zole chemotherapy. Parasitol Res 2000, 86:800-808.

38 Briassoulis G, Papadopoulos G, Zavras N, et al.: Cardiac troponin | in
fulminant adenovirus myocarditis treated with a 24-hour infusion of high-
dose intravenous immunoglobulin. Pediatr Cardiol 2000, 21:391-394.

39 Kaneko K, Kanda T, Hasegawa A, et al.: C-reactive protein as a prognostic
marker in lymphocytic myocarditis. Jon Heart J 2000, 41:41-47.

Acute myocarditis Batra and Lewis 239

40 Roditi GH, Hartnell GG, Cohen MC: MRI changes in myocarditis: evalua-

. tion with spin echo, cine MR angiography and contrast enhanced spin
echo imaging. Clin Radiol 2000, 565:752-758.

This article shows that focal myocardial enhancement on spin echo MRI strongly

supports a diagnosis of myocarditis.

41  Felker GM, Boehmer JP, Hruban RH, et al.: Echocardiographic findings in
. fulminant and acute myocarditis. J Am Coll Cardiol 2000, 36:227-232.
This article shows that patients with fulminant myocarditis exhibit a substantial
improvement in ventricular function at 6 months compared with patients with
acute myocarditis.

42 Matsumori A, Igata H, Ono K, et al.: High doses of digitalis increase the
myocardial production of proinflammatory cytokines and worsen myocardial
injury in viral myocarditis: a possible mechanism of digitalis toxicity. Jpn
Circ 1999, 63:934-940.

43 Funseth E, Lindh U, Wesslen L, et al.: Trace element changes in the
myocardium during coxsackievirus B3 myocarditis in the mouse. Biol Trace
Elem Res 2000, 76:149-160.

44 Kishimoto C, Takamatsu N, Kawamata H, et al.: Inmunoglobulin treatment

. ameliorates murine myocarditis associated with reduction of neurohumoral
activity and improvement of extracellular matrix change. J Am Coll Cardiol
2000, 36:1979-1984.

This article shows that immunoglobulin administration was associated with

decreased plasma catecholamines.

45 Ahdoot J, Galindo A, Alejos JC, et al.: Use of OKT3 for acute myocarditis in
infants and children. J Heart Lung Transplant 2000, 19:1118-1121.

46 Wang Y, Afanasyeva M, Hill SL, et al.: Nasal administration of cardiac

. myosin suppresses autoimmune myocarditis in mice. J Am Coll Cardiol
2000, 36:1992-199.

This article shows that nasal administration of cardiac myosin effectively reduces

the severity of myocarditis in mice.

47 Martino TA, Petric M, Weingart H, et al.: The coxsackie-adenovirus recep-
tor (CAR) is used by reference strains and clinical isolates representing all
six serotypes of coxsackievirus group B and by swine vesicular disease
virus. Virology 2000, 271:99-108.

48 McCormack JG, Bowler SD, Donnelly JE, et al.: Successful treatment of
severe cytomegalovirus infection with ganciclovir in an immunocompetent
host. Clin Infect Dis 1998, 26:1007-1008.

49 Baykurt C, Caglar K, Ceviz N, et al.: Successful treatment of Epstein Barr
virus infection associated with myocarditis. Pediatr Int 1999, 41:389-391.

50 Maisch B, Hufnagel G, Schonian U, et al.: The European Study of
Epidemiology and Treatment of Cardiac Inflammatory Disease (ESETCID).
Eur Heart J 1995, 16:173-175.

51 Chen YS, Wang MJ, Chou NK; et al.: Rescue for acute myocarditis with
shock by extracorporeal membrane oxygenation. Ann Thorac Surg 1999,
68:2220-2224.

52 Cooper LT Jr. Giant cell myocarditis: diagnosis and treatment. Herz 2000,
. 25:291-298.

This review article summarizes the prognosis, diagnosis, and treatment of giant
cell myocarditis. Patients receiving immunosuppression had an improved
survival.

53 Brilakis ES, Olson LJ, Berry GJ, et al.: Survival outcomes of patients with
giant cell myocarditis bridged by ventricular assist devices. ASAIO J 2000,
46:569-572.



