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CLINICAL STUDIES

Clinicopathologic Description of Myocarditis
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Histologic evidence of myecarditis wis demonstrated wn 35 of HE
patients submitted to endomyocardial biopsy over § vears. Anal-
ysis of the histologic ﬁndngs and clmual course of these patients

resulted in a new clini of in

Iricular dyvsfunction and may respond o imununosuppressive
therapy or their conditinn may progress to dilated cardiomyopa-
th\ These witi chrouic active myocarditis initialiy respond to

which four distinct subgroups are identified. Patienis with fulmi-
nant myocavditis bocome acutely #ll aftey a distinct viral pro-
drume, have severe cardiovascular compromise, multiple foci of
aelive myocarditis by histologic study and ventricular dysfanclion
that either resolves spoutareousiy or resuits in death. Patients
with acte, chronic active and chronic persistent myocarditis have
a less distinct onset of illness.

Patients with acute myocarditis present with established ven-

1diopathic myocarditis is an inflammatory disease of the
myocardium of unknown etivlogy. Although the clinical
(1-5) and histopathologic {4-10) features of the disease have
been extensively studied. a unifying characterization of the
disease has failed to emerge. Historicully. cases of subchin-
ical (113, lethat (4.5,17) and progressive (1 4-6) myocarditis
have beer observed and the disense kas been vanouosly
described utilizing electrecaidiography (2). echocardiog
raphy 12 12). scrologic studies (13.14) or endomyocardial
biopsy (4.8.13.15). In an effort to provide uniform criteria for
the pathologic diagnosis of myocarditis. a panel of cardine
pdtho.og:s(s developed o classification of (his disease based
on histelogic features of endomyocardial biopsy specimens.
Known as the Dallas crieria t16), ths system his been
criticized for interolserver variability (17) and may be
subject to sampling error (1.18). The fuilure 10 develop a
clinical description of myocarditis to accompany the patho-
logic classification has impaired the deveiopment of thera
peutic trials and fostered controversy us fo the very exidt-
ence of the ttisease (18).

The purpost of this studs sas 10 identily the clinical
specirum of myocarditis und 10 categorize this disease into
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¢ssive therapy. but they have clinical and histelagic
velapses and cevelop ventricular dysfunction assuciated with
chronic inflammatory changes including giant cells on histologic
study. Chronic persistent myocarditis is characterized by a per-
sistent histologic infiltrate, cften with faci of myocyte neerosis but
without ventricular dysfunction despite other cardiovascular
symptems such s chest pain or palpitation,

1J Am Coll Cardiol 1991:18:1617-26)

four subgroups. Thiv classification is supported by animat
models and in bugans by clinical und pathologic experience
and. i addition. is analogous to the accepted classification
of viral hepatitis (19.20). it is hoped that recognition of the
clinical substrata of histologically documented myocarditis
wittallow a better understanding of the anticipated course of
patienis with this discase. Then. as in hepatitis (29), we may
better define an individual patieat’s suitability for immuno-
suppressive therapy.

Metheds

Gtady patients, Between December 1. 1983 and Juiy 1.
1988, 38 patients underwent diagnostic endomyocardial
bivpay (o evaduate cardiac dystunciion. On histologic anal-
vain, 80 patients (17.2%) exhibited active or borderline
myocardilis a: defined by the Dallas criteria (16):

Two sepurate classifications are ased for the first ond
stbsegnent biopsies. On the first biopsy, active myecarditis
in dedined by myocyte necrosis or degeneration. of both,
assacited with an inflammatory infiltrate adjacent to the
degznerating or necrolic myocyles. Rorderline myocurditis
i diagrosed when the inflammatory infiltrate is too sparse or
when damage to myucytes is not demonstrable. No nyo-
cardiuis implics that the myocardium is cither entirely nor-
mal O »hows nonspecific changes.

On subsequent bivpsics. angning myocarditis means thal
myocyte damage o¢ necrosis In association with inflamima-
tory infiltrdie persists. In resolving myocarditis. the inflam-
matory infiit;ate is substantially reduced and is wot inti-
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Table 3. Endomyocardial Biopsy Results in 348 Patients
Fvaluatad for Cardiac Dystunction at the Johns Hopkins Hospitat
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Several features of the endomyccardial biopsy were
recovded in a standardized format: the aumber of foci of
myocyte necrosis, the presence and type of myocyte
changes other than necrosis; the amount, distribution and

position of any infl 'y infiltrates; and the extem
and type (replacement or inlerstitial) of any fibrosis. The
presence of active, borderline. ongoing. resolving or re-
solved tayocarditis was then determired according to the
Dallas criteria (16) {Table 3).
Therapy. Most of the patients who were treated for
active or borderline myocarditis received a standard immu-
ppressive regimen of predni 1 mp/ke per day, and
azathioprine, 1.5 mg/kg per day, for 6 to 8 weeks. Endomyo-
cardial biopsy was then performed to assess ikc patient’s
response to therapy. The dosage of prednisone was then
gradually tapered by 10 mg/day per week until the patient
was receiving 20 mg/day and then the dose was decreased by
5 mg/day per wcck until administration of the drug was

Active or horde dine myacnrditis msociaed with aa i3 7
unde dition
Posipartum 13
AIDS 3
Sysiemic lupas erythematoss 3
Sarcaidosis 3
Hupatits A 1
Idiopataic active or borderline myocerditis 35 10
Fulmnant 4
Acule 2%
Chronic active 3
Chronic persistert 2
No myacarditis m 83
malely associated with necrotic myocyles. An inft y

disce stration of hioprine was stepped 2

infilirate is absent in resolved myocarditis (16).

In 25 putien:s the myocarditis was attributed to an
underlving condition {Table 1). The etiology of the myo-
carditis was unexplained in the remaining 33 patients and
this latter group is the subject of this report. The myocarditis
of these 35 patients is further categorized as fulminant,
acute, chronic active or chronic persisient on the basis of
clinical and histologic criteria (Table 2). One representative
patient with fulminant, chronic active or chronic persistent
myocarditis is presented, To illustrate the typical features of
acute myocarditis, two patients from this large group are
also discussed.

Endomyocardial biopsy. The patients underwent right
ventricular endomyocardial biopsy percutaneously through
the right internal jugular vein with use of a 50 cm modified
Stanford Caves bioplome. At least five specimens were
cblained and fixed by immediate immersion in 109 formalin.
Euch specimen was sectioned, stained with hematoxylin-
cosin, and examined at a minimum of four levels by one
investigator {G.M.H.) wiio did not know the clinical features
of the subjects.

weeks later. lndmdual exceptions to this protocol are noted
in the text.

Clinical evalvation. Patients underwent right heart cath-
elerization al the bme of each endomyocardial biopsy and
determination of cardiac output was performed in triplicate
with <107 variability.

M-mode and two dimensional echocardiograms were
obtained within 24 it of biopsy and were serially per’urmed
as clinically indicated. Standard di were
and formulas used to determine fractional shortening as a
measure of lefi ventricutar function (21). In some patients
gated blood pool scans were obtained within 24 b of biopsy
and then serially as ¢linically indicated.

All study patients had negative results of a full chinical

| to exclude dary causes of my dial dys-
function. This evall luded of serum
thyroxide 24-h urinary ine excre-
tion and reactive plasma reagin titer. Coranary angiography
was performed when appropriate as determined by age or
clinical history. Viral neuiralization titers were not routinely
measured.

Table 2. Clinicopathologic Classification of Myocarditi
Tulminant Acute Chronic Active Chror: Persistent
Onsel of cardiac symptams Distinet Indistinct Indistinct “ndistinct
Initist presentation Cardiogenic shock CHF e Mon-CHF sympioms
Severe LV dysfunction LV dysfunction LY dyslunction Normal LV futction
Initiad endomyecardial biopsy Multiple fuci of active Active ar horderline Active or borderline Active or herderline
myocarditis myocarditiy myeearditis myueridiis
Clinical natural history Complete recovery or Isicomplete recovery or Dilmed CM Non-CHF symptomn:
death dikated CM normal LV function

Histologic natural history Complete reselution of

active myacarditis

Immares ssuppressive therapy No bencit

Complete resolution of
active myocarditis

Sometimes beneficial

Ongoing or resolving Ongoing or resolving

myccarditis: fibrosis; myocardiths
giant cells
No benehit No beaefit

CHF = congestive heart faiture: CM = cardiomyopathy: LV =

left ventricular,
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Tabde 3. Histologic Characteristics of 11 Patients With Myocanditis on Endomyocandicl Buwpsy

Case  Time Afer Ne. of Fog of Urner Myociie (rawmaory D e Fibrosi allas Uruena
Mo.  Piesentaticn  Myocytz Necrosis Chanyes Ameunt®  Distsibution Uerepestion Extent™  Type Diugaosiv
Fulmmrant Myocard tis
1 Day 7 >5 2 Didice. LPM 1 1 Active myocarditis
Day 53 [ 1 D:ffuse. bocal L ] Resolving myocarditss
Day 130 0 W 1 I Resolved myocardins
2 Day ¢ >3 3 Lhffsse. focal L 1 l Active myocarditis
k) Day 28 5 i Diusy focs L [ Active myocarditis
+ Day 3 »5 4 Diflase. focal L -2 R Active myocarditis
Avue Muaeaditis
5 Month 1 <35 2 Difise, fo221 LN 0 Active myocarditis
Month 3 0 MR ] Focdl L 1 t Resolving myvzarcitis
E Month L <5 1 Fueal L 0 Aclive myocarditis
Mon:h 1 0 4 1 1 Resolved myocarditis
Chenis Actize Mvotordais
i Menth 0 9 1 aval L i R Borderline myocarditis
Munth 2 0 | Diffuse focal L 0 Resolving my acanditis
Montk 7 [ : Dhifue. foed L v Rexolving my ocanditis.
Month 13 0 H ! DTy, foc s 1 i Resolving myocarditis
Momh 17 4 H | Ihilise. toval i 1 LR Ongoing myvcanditis
Moath 25 ) I L Dt ocul [ : LR Resolving myecundilis
B Mouth 33 ] H ] PiFse . Racat r s R Horderline myocarditis
Mauth 54¢ >3 H 3 Ebffee focd it * R Ongeing myocardi
L] Month 14 8 N Dirta e ol LIMG 1 R Active myocarditis
Motk 16 a 13 i e oz L 1 R Resolving myocurditis
Month 17 ¢ H 1 Dailune. tocul L 1 R Resolving myocarditis
Month 29 t 1 Fuct L ] Ongoing myocarditis
Month 44 r H | Dilfc e " L M LR Resolving myocarditis
Chraniv Persivent Muo
1 Manth D ] i bl b ® Active myocarditic
banth 3 0 | Dt 2. Tocd L 0 Resolving myocarditis
Munth % o v [ Resolved myecarditis
Meath If 2 I Dl se, fosal L 0 Ongoing myocarditis
u Month | “5 | Diffe-e. fogal LM R Active myocarditis
Moath 3 [ 1 Foual L 1 R Resolving myocanditis
Month 7 [ | Diffose. focal 1 2 IR Revalviug myocarditis
Mowmh 2% 0 | Biffuse. foxal L H LR Revalving myocardilis

“Awapsy or cardictamy specimen. H = none

Huwever. over lime the infiltrate persists and in cach vin v av
e sislent my i a il

AR

Case Reporis

Fulminant Myocardinis
Case L. A 21l-year old vhite man was admitted ta his bocal
hespital after describing the acut onset of ahdominnl pain
and fever. He underwent exploratory lapa-slomy und appen-
dectomy: the appendix was histopatholagically nermal. The
faver persisied, and myalgias, arthraigias and hypotension
developed posioperatively. No intraabdominal process was
found on a repcat exploratory laparotemy 2 days later, and

mild: 2 = mederate.
hypertruphy: | = mteniitials L = yuphocytes, M - mucraphages: MR = -
realacement. The Fallowing histilagic findings aec dennanstratit: 1) Ralmman myosarditia is histolog,
@ 1 ol lympheeyt: : infiltrate ua presentation, with comptere resolution over vime £ 0 dava s 2 eme myscardil
wirh histalosic resolution over 3 months and litde fibeonis; W chivane active mocanditis Jerwmtides v

g

- severe D - divvapton of macyte architectere: G = giant cells:
aoeyte: & = neutrophils: plasma cetls: R -
il uaique for the mwitiple foci of nzcrosis (5 and extent
displiys lewy intense lymphoevtic nfiltrae
ahle and 1245 intense inflammatory infiltrate initially.

ed with grost vela Fyaeyte Bvnemiephy and grogressive replacement fibrosis; 4) chronic
infiltrate thak persisis without sgrificans fbross or myesyte disuprion.

broad specirum antibiotic therapy was begun empirically.
Anagutely increased cardiothoracic ratio was noted on chest
radiography ind a right hert eatheterization revealed ele-
vated puimonury artery pressure 164/40 mm Hg) and pulma-
nury caphitury wedge pressure (40 mm Hg) with a low cardiac
index (1,36 liters'min per m?). The following day clinicaily
evident pulmonary edema developed and the patienl was
intabated for ventilation. He was transferred 1o The Jokns
Hr-pkins Hospital on his fith hospital day.
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Figore 1. Cese 1. A and B, High power photomicrographs highlight-
ing two foci of active myocarditis taken from the same endomyo-
cardial biopsy sample. Note the mixed inflammatory infiltrate en-
gulfing small clusters of adjacen: myocytes (arvows). C, Follow-up
~ndomyocardiai biopsy £ wceks afler discharge showing resolving
myocarditis; note the scattered increase in interstitial mononucles.r
cells, No myocyte necrosis is present. D, Six months after dis-
charge. the endomyocardial biopsy is normal. consistent with re-
solved myocarditis. Hemaloxylin-eosin %625 reduced by 29% (A
and D), 23% (B) and 28% (C;.

On transfer, the pulmonary capillary wedge pressure was
29 mm Hg »nd the patient was receiving intravenous dopu-
mine. dobutamine and nitroglycerin. An electrocardiogram
(ECG) reveaied sinus tachycardia but no other abnormal
findings. An endomyocardial biopsy performed the following
day revealed severe active myocarditis (Fig. |. A and B). An
echocardiogram revealed minimal left veniricular dilation
with global hypnkinesia and fractional shorlening of only
15% (normal 28% to 41% [22]). Over the next 4 days the
patient’s hemodynamic status improved (pulmonary artery
pressure 30/i8 mm Hg, pulmonary capillary wadge pressure
18 mm Hg) and inotropic medications were discontinued on
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the 81h hospital day. By day 12, fractional shonening had
increased to 47% and the patient was discharged in his
baseline state of good health.

The patient returned to full-time employment. Follow-up
endomyacardial biopsies performed 6 weeks and 3 months
after hospital discharge were consistent with resolving and
resolved myocarditis, respectively (Fig. 1, C and D). Hemo-
dynamic status d to improve (pul y artery
pressure 25/12 mm Hg. pulmonary capillary wedge pressure
11 mm Hg, cardiac index 2.7 liters/min per m?).

Three years afier his initial presentation, the patient
remains fully employed without signs or symptoms of car-
diac disease. He is laking no medications and there are no
limitations on his activity. He received no immunosuppres-
sive therapy with the exception of 2 days of empiric intia-
venous corticosteroids before his transfer to The Johns
Hopkins Hospital.

Summary of four cases. The four cases of fulminant
myocarditis are distinguished by five characteristics. The
development of myocarditis is heralded by a nonspecific
flu-like illness and the onset of cardiac involvement 15
distinct. These patients’ condition rapidly deteriorates and
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they develop profound hemodynamic compromise. Their
endomyocardial biopsy reveals unequivoca! active myo-
carditis by the Dallas criteria and s particularly nolable for
very extensive infammiatory infiltrates and numerous foci of
myocyte necrosis. Finaily, within | month the patients either
completely recaver left ventricular function (three of four) or
they die {onc of four) of their disease. The aatural history of
this type of my itis appears uninfl d by immuno-
suppressive therapy. The only patient who received immu-
nosuppressive therapy died. Because of this carly experi-
ence, the concern that the persistent virus may be present
and the :apid spontageous improvement. no immunosup-
pressive treatment was given to the reinaining three patients:
the illness in all three patients resolved.

Acute Myocarditis

Case 5. A 7l-year old woman presented to her local
hospital with progressively worsening dyspnea and fatigue of
at least | month's duration. Severe congestive heart failure
was evident on examination and the ECG revenled new
onset atrial fibrillution, left axis deviation and nonspecific ST
segment changes. The cardiothoracic ratio on chest rocnt-
genogram was 11.5/23.5. She was treated with diuretic drugs
and transferred to The Johns Hopkins Hospital for evalua-
tion.

On transfer, hemodynamic study revealed depression
of left ventricular contractility with mild elevation of pul-
monary vascular p ¥ artery p
38/12 mm Hg, pulmonary caylllary wedge pressure 16 mm Hg,
cardiac index 1.4 liters/min per m?, stroke index 11.7 [nurmal
38 10 34)). The initia} ead: dial biopsy was
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49 omt A gllrim-67 scan 123} demonsirated neicased
myocarthal upake and the patient was transferred o The
Johns Hopkirs Hospital for evaluation.

An endomyoviedial biopsy and vight heart catheteriza-
don were performed. Hemodynamiz studics revealed de-
pressed left vemssicular contractility with elevation of flling
pressures (putmorary artery pressure 4318 mm He. pulmo-
nary capiitary wedge pressure 26 mmHg, cardiac index 2
litersfmin p2r m-, stroke indx 17.1) and the biopsy demon-
strated active mvocarditis. Administration of immunosup-
pressive medications {prednisone. 60 mg. and azathiopnine.
100 mg, both four times daily) was begun and the patient was
discharged.

A repeat endomyvocardial biopsy was performed after 6
werks of immunosuppressive and diuresic therapy. Hemo-
dyaamic status was improved (pulmonary artery pressure
206 mm Hg. pulmonary capillary wedge pressure 6 mm Heg.
cardiac inde< 2.9 liters/min per m’. stroke index 34.6).
Re:uits of the biopsy were normal and consistent with
resolved myocarditis, and the patient reported an improved
but Vmited excreise wolerance. An echocardiogram demon-
strated persistent left ventricular dilation and the left ven-
tricular election fraction. determined by gated blood pool
scan. remained at 19%. Nonsustained ventricular tachycar-
dia was discovered on several Holter monitor ECG tracings
and antiarthytamic therapy was begun. The prednisone and
azathioprine were discontinued after 3 months of therapy
bocause of a lack of demonsirable efficacy in this patient.

Five months ufter his initiai presemtation the patient
developed worsening of his congestive failure characterized
by nocturnal cough, cardiomegaly and perthilar pulmonary

with active myocarditis and immunosuppressive therapy was
initiated (prednisone, 60 mg/day. azathiopriue, 100 mg/day).
Electrical cardioversion successfully converted the patient’s
rhythm to rormal sinus rhiythm and she was discharged.

The patient reiurned for a secand endomyocardial biopsy
after 6 weeks of immusoesuppressive therapy. Buring this
time her pormal functional state had yeturned. Her hemody-
namic status had improved pulmonary artery pressure
27/6 mm Hg, pulmonary capillaiy wedge pressui2 | mm Hg.
cardiac index 2.8 liters/min per m’. stro™e wayrk index 28.9)
and the endomyocardial bicpsy revealed resolving myo-
carditis, A slow tapering of the prednisone dose was planned
but all i ive therany was discontinued oaly [
month later {a total 10 week course) because of adverse
neuropsychiatric effects.

After 12 months of follow-up the palicnt remains in
normal sinus thythm and is without further sympioms of
heart failure,

Case 6. A 53-year old man was admitted ta his local
hospital after progressively developing congestive heart fail-
ure over the preceding 6 weeks. He was found to have a lefl
veniricular ejection fraction of 19% by gated blood pool scan
and an echocardiogram reveated left ventricular dilation
{internz! diastolic diameter 5.7 cm, systolic diameter

infil He was enrolled in an experimental inotropic drug
trial.

Summary of 26 cases. These illustrative cases of acute
myocarditis rep-esent the clinical spectrum of the largest
sroup of patients (n = 26) with mysecarditis or borderline
myocurditis. These patients have a minimally dilated. hy-
pokinetic left ventricle on presentation. The onset of their
cardiac symptoms is indistiact and they experience a gradual
deterioration of cardiac function before their presentation
for medical care. Active or borderline myocarditis is present
an initial but not subsequent endomyocardial biopsies. It has
beer our experience that immunosuppressive therapy may
alter the course of this disease (24); patients may respond
and experience a partial recovery in ventricular contractility.
Those who do not respond to immunosuppressive therapy
continue to show deterioration to end-stage dilated cardio-
myocpathy.

Chronic Active Myocarditis

Case 7. A 25-year old male roofer presentcd to his local
hospital describing the insidious onset of dyspnea on exer-
livn. palpitation and stabbing chest pains. He denied having
any receat viral illnesses. Although results of a physical
examination were normal. an ECG demonstrated sinus
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Figure 2, A, Case 7. Hngh power photomicrograph showmg a focal
increase in y cells without iated myocyte
necrosis. These findings are consistent wilh borderline myocarditis.
B, Same case. At follow-up biopsy 53 months afier presentation there
is a continued increase in lear cells as well as an
increase in interstitial connective tssue and plsomorphic myocyte
nuclei consistent with a moderate degree of myocyte hypertropiy. C,
Case 8. High power photomicrograph taken from the left ventricutar
ree wall at the time of cardiac explantation. Note the extensive
y inliltrate
giant cells. The myocytes show nuclear changes of moderate hyper-
trophy. Hematoxylin-eosin, x625 reduced by 23% (A and B) and by
28% (C).

carditis. Administration of predmsone was slowly tapered

changes did not evolve, cardiac enzyme levels d

while with azathioprine

within the normal range and the paticnt was transferred to
‘The Johns Hopkins Hospital for evaluation.

Echocardiography demonstrated moderate global left
ventricular hypokinesia, moderate left ventricular hypertro-
phy and a dilated left atrium. The lzft ventricular gjection
fraction. measured by gated blood pool scan, was 36% and
hemodynarnic studies at the time of endomyocardial biopsy
revealed elevated pulmonary vascular pressures (pulmonary
arlery pressure 48/22 mm Hg. pulmonary capillary wedge
pressure 22 mm Hg) and a depressed cardiac index (1.8
liters/min per m?). The biopsy revealed bordeiline m/uc’xrdx-
tis (Fig. 2A) and i ppressive therapy (p

Seven months after his initial presentation, the patient
returnzd with severe congestive heart failure. Severc globa!
teft ventricular hypokinesia, four-chamber dilation and a
moderately large pericardial effusion were seen on echocar-
diography while hemodynamic studies mirrored the decline
in the patient’s condition (pulmonary artery pressure
50/22 me Hg. pulmonary capillary wedge pressure
28 mm Hg, cardiac index (1.62 liters/min per m%). Yet, the

yocardial biopsy d ated only resolving myo-
carditis. Initially, the patient was treated with corticoster-
vids (prednisone, 60 mg/day) and azathioprine 75 mg/day,

50 mg/day and azathioprine, 75 mg/day) was begun. The
patient was discharged and returned o full-time employ-
ment.

After 6 weeks of therapy, the patient’s echocardiogram
showed complete resolution of the it ventricular hypoki-
nesia: the gated left ventricular gjection fraclion was new
65%. Hemodynamic variables had normalized (pulmonary
artery pressare 21/10 mm Eg, pulmonary capillary wedge
pressure 7 mm Hg, cardiac index 2.6 liters/min per m?) and
endomyocardial biopsy was consistent with resolving myo-

but of cyclosporine A, 4 mg/kg per day, was
started after | month when standard immunosuppressive
therapy failed to normalize echocardiographically deter-
mined ventricular dysfunction. The addition of cvclosporine
resulted in symptomatic improvement; however, right and
left icular filling pi remained el d. Echocar-
diography demonstrated only partial recovery of left ventric-
ular contractility. and the rest radionucleotide angiographic
cjection fraction improved 1o ouly 457%.

The patient has subsequently experienced several re-
lapses of corgestive heart failure despite immunosuppres-
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sive regimens. Posttreatme:ni radionucleotide ejection frac-
tion has progressively deteriorated from 65% 1o 45% 10 24%
and now 8% over a 29-montk follow-up period. Echucardio-
grams have shown progressively severe biventricular dys-
function accormparied by only niinimal chaaber disation.
Three subsequent endomyocardial biopsies (Fig. 2B). whiie
coasistent with resalving myocardilis, have shown the pro-
gressive development uf replacement fibrosis, myocardiai
cell hypertrophy and giant cells.

Thirty mionths a‘ter initial preseatation. the patient has
become incapacitated by refractory congestive heart failure.
All immunosuppressive medications have been stopped be-
cause of lack of efficacy: the patient is currently enrolled in
an experimental inotropic drug trial.

Summary of thvee cases. The three patients with chronic
active myocarditis have a disease that is characterized by
progressive clinical deterioration and the development of
cardiomyopathic changes on serial biopsies. The onset of
their disease is indistinct. After presentalion with heart
failure, these patients have a slowly progressive but inevita-
bly deteriorating course 1hat may be punctuated by brief.
often d ic but p 10 i -
pressive therapy. The initial endomyuwrdml biopsy rcvcdls
active or borderline myocarditis: subsequent biopsies dem-
onstraic persisience of an inflammatory infiltrate, the devel-
opment of giant cells and extensive fibrosis. Uliimately,
these patients develop an end-stage dilated cardiomyopathy.

Chronic Persistent Myocarditis
Case 10. A 39-year old black womar was ad d to her
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tigure 3. Case 10. High power photomicrograph highlighting a
singhe focus of myoevle necrosis. Note the predominantly mononu-
clear infiltratz engulfing what appears to be a single necrotic
myocyte.

echocardiogram requined normal. She remained free of
congestive heart falure svmptoms and returned 9 months
after initial presentation for an endomyocardial biopsy to
assess the progression of her untreated myocarditis. Her
hemodynamic variables remained normal (pulmonary artery
pressure 206 min He, pulmonary capillary wedge pressure
3 mm Llg. cardiac index 3.2 liters/min per m*): the endomy-
ocardial biopsy revealed the persistence of mild diffuse
inerstitial mononuclear cell infiltrates. Ne foci of myocyte
neerosis were seen and the patient was discharged without

tocal hospital describing palpitation and chest tightness. An
ECG obiained during a symptomatic episode revealed runs
of ventricular bigeminy und frequent premature ventricular
beats. There was no elevation in serum creatine kinase. The
patient described recurrent episodes of substernal chest
discomfort that were relieved by sublingual nitroglycerin and
she was transferred 10 The Johns Hopkins Hospital for
evaluation.

On admission the patient was lachycardic but had an
otherwise notmal physical examination and ECG. Coronary
cincangiography r2vealed normal coronary arteries and a fefl
ventricular gjection fraction of 70%. Right heart catheleriza-
tion and endomyocardial biopsy were performed 10 evaluate
the patient's symptoms and sinus tachycwidia. Hemody-
namic variables were norma. (pulmonary artery pressure
28/6 mm Hg, pulmonary capillyy wedge pressure § mm He.
cardiac index 2.4 fiters/min pei in®} but the endomyocardial
Wpsy demonstrated active myocarditis (Fig. 3). The myo-
caraitis was Ireated with predoisone (40 mg/day) for |
month, but it was dis:ontinued afier the patient deveioped
adverse neuropsychi: side effects

The patient’s palpitation and associated ventricular ec-
topic rhythm were treated with flecainide. A repeat endo-
myocardial biopsy wus performed 3 months after initial
presentation and it der onstrated resolving myocarditis. The

pressive therapy.
Thirteen months after initial presentation the patient was

d d for eval of multiple ific. multisystem
Lompl.\ml\ inciuding ﬁubsnernn' chest discomfoit. Coronary
cangiography again d d dis free coronary

uncms ond 2 left ventricular cjection fraction of 70%. An
echocurdiogram was entirely normal. Despite normal ven-
tricular funciion. an endomyocardial biopsy demonstrated
ongoing myocarditis. R was dezided to further withhold
immunosuppressive therapy and to continue close cbserva-
lion of this patient. %he remains without cardiovascular
limitations 36 months after initial presentation.

Summary of two cases. Twa patients with chronic persist-
ent mycearditis came 1o medical attention with atypical
chest pain or palpitations, They display no signs or symp-
toms of fefl ventricular dysfunction and results of all nonin-
vasive and invasive studies of ventricular function renain
normal despite unequivocal histologic evidence of ongoing
myocardial inflammation. The myocardial infilirate does not
appear to be improved by immunosuppressive therapy.

Discussion
The Dallas criteria (16) provide a histologic classification
of myocarditis: we propase a clinical classification in which
four distinct subgroups are identified. The spectrum of
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myocarditis exhibited by patients with fulminant. acute,
chronic active and chronic persistent myocarditis is similar
{0 that in previous descriptions of viral hepatitis (19,20} and,
as in hepatitis, classification of an individual patient into one
of these subgroups has important prognostic and therapeutic
implications.

Endomyocardial biopsy: histelogic findings. The endomy-
ocardial biopsy retains a fundamental role in this clinical
classification and only patients with biopsy-documentea
active or borderline myocarditis have been included. In
addition. some histologic features of the biopsy that are not
addressed by the Dallas criteria arc associated with the
clinical subgroups in this patient series. Fulminant myo-
carditis is distinguished by an active infl y infiltrate
and multiple foe; of myocyte necrosis. The initial endomyo-
cardial biopsy in those patients who develop acute, chronic
active and chronic persistent myocarditis all appear similar
with less severe infiltration and, when present, fewer foci of
myocyte necrosis. Those paticnts who develop chronic
active disease progressivcly develap interstitial and replace-
ment fibrosis and giant cells. The myocarditis in those
patients with chronic active myocarditis proved refractory to
immunosuppressive therapy and inexorably progressed to
end-stage dilated cardiomyopathy. It is remarkable that two

IACC Vol, 18, No. 7
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addition, the giant cell group had a higher incidence of
ventricular tachycardia (9 of 10) and AV block requiring
pacemaker insertion (6 of 10} than did their lymphocytic
myocarditis control patients. As oppesed to the Davidoff
group (29), we did not include patients with giant cells
demonstrated by endomyocardial biopsy and known sar-
coidosis or other diseases known 1o be associated with a
giant cell myocardial reaction. Therefore, the giant ceil
myocarditis category remains controversial and ill defined.
We have demonstrated that ongoing chronic myocardial
inflammation can lead to giant cell myocarditis and implies a
poor gutcome.

Animal myocarditis: pathophysiology. Although some
cases of myocarditis may be the consequence of a direct
cylopathic viral effect, mcreasmg evidence implicates im-
mune jation of my dial i The rarity of
human myocarditis makes studies of its pathogenesis dif-
ficult; therefore, several murine models of myocarditis have
been developed. These models indicate that the clinical
spectrum of human disease may reficct patient to patient
variations in the host’s cell-mediated or humoral immune
responses. Alternatively, infection with different viruses
may produce different disease phenotypes.

Several years ago, members of our group (30,31} under-

of these patients had Dallas criteria of **borderline my

took an i jon to determine which genetic factors

1is" on initial endomyocardial biopsy. We find the p
of giant cells and the persistence of myocarditis to be more
important than the distinction between active and borderline
myocarditis. Patients in this series with giant cells on endo-
myocardial biopsy tend to have a chronic, progressive
disease and a poor prognosis.

Giant cell myoearditis. Giant cell myocarditis is a rare
histologic form of myocarditis that is characterized by the
finding of mullmucledu.d giant cells in 1he hearl and the

control the of mice to kievirus B3 infe
Two-week old animals of a variety of strains were infected
with 2 myocarditic coxsackxe B3 vanam and subsequently
d for pathol, and i r as well
as for recovery of infectious virus from blood and tissues.
These studies clearly demonstrated that coxsackie B3-
induced myacarditis can be separated into two phases. The
earliest histologic abnormalities were seen 5 days after
viral i lation and were ct ized by focal zones ot’

absence of ex invol LIt is f ly con-
fused with sarcoidosis; however, uHrastructural studies
demonstrating the transition of apparently normal myocytes
to multinucleated variants support the concept that this is a
distinct illness (25,26). Giant cell myocarditis has been
recognized to carry a dismal prognosis with progression to
death within 18 months of diagnosis (26) in many patients.
Immunosuppression has failed to alter the course of the
disease (26.27). Ahhough a few reported patients (25) with
fulminant myocarditis demonstrate giant cells. the clustering
of our cases of giant cell myocarditis undcr the chronic
active myocarditis category suggests that the development
of giant cell myocarditis may be associated with chronic
progressive di.2ase. The assocnahon of giant cell myocardi-
tis with numergus § {28} highlights the
significant role of the host’s immune response in the disease
€Xpression.

Davidoff et al. (29) recently compared the course of 10
patients with giant cell myocarditis with the course of 36
patients with lymphocytic myocarditis. They confirmed the
greater decline in systolic function and worse prognosis of
patients with giant cell versus lymphocytic myocarditis. In

yte necrosis and polymorpt lear and y
infiltration (32). In agreement with the reports of other
investigators (33), virus was isolated from the heart on
postinoculation day 3 and peaked on day 5. By day 15 after
infection, no infectious virus was detected in any of the
strains examined (34). Most mice did not show signs of
ongoing inflammation after day 7. In a few mouse strains, a
second phase of myocarditis became evident 9 days after
infection. Although no infectious virus was present, heart-
specific ibodies could be d d in these animals
{35). The cardiac icsions during this later phase were more
diffuse than in the earlier stage and were characterized by a
different, imerstitial mononuclear infilirate. Therefore, ge-
netic susceptibility to both early and late phase myocarditis
induced by the same viral agent differed among various host
mouse strains.

Huber and coworkers (36,37) have demonstrated an im-
munologic correlate to these two phases of histologic and
serologic abnormalities. They found that two populations of
cytotoxic T lymphocytes are produced when Balb/c mice are
infected with coxsackievirus B3. Initially, one population of
virus-specific effector cells arises and preferentially lyses
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infected myocytes. A second “autoreactive” population
arises 3 to 6 days after infection and preferentially lyses
uninfected myocytes, When these szparated T c=ll popula-
tions are adoptively transferred inlo T cell-deficient. virus-
infected mice, myocarditis subsequently develops. Myo-
carditis is not observed in the presence of viral infection
before the lymphocytes are adoptively transferred. There~
fore, the clinical spectrum of murine myocarditis may be due
to strain-related differences in the genetic control of this
immune response to infection.

Genetically determined immune response factors are
responsible for the variety of clinica! preseniations of human
myocarditis. Several investigators have retrospectively iden-
tified immune response abnormalities such as circulating
antiheart antibodies (38), in vitro suppressor cell defects
(39,40, and associations with certain histocompatability
antigen (HLA) types (41) in patients with active myocardins
or dilated cardiomyopathy. Similar abnormalitics have been
identified in patients with other chronic inflammatory dis-
cases (30,42-44) and suggest a common autaimmune mech-
anism. Murine models of myocarditis utilizing different vira!
genera indicate that the differeat genera arc associated with
varying clinical outcomes. Myocarditis produced in inbred
strains of Balb/c (45) and DBA/Z (46) ice by encephalomy-
ocarditis virss produced a severe myocarditis that pro-
gressed to dilated cardiomyopathy: this murine mode! par-
allels human chronic active myocarditis. Coxsuckicvirus A9
causes a self-limited disease whereas coxsackievirus B3
induces a severe myocarditis associated with high mortatity
{33). Indeed, different variant strains of the same genus may
exhibit different myocarditic capabilities.

The capacity of coxsackievirus B3 variants to induce
acute and chronic myocarditis in micc was examined in
detail by Gauntt et al. {47 48). Two prototypic variants of the
well studied Nancy strain were found to be antigenically
identical. However, when the myocarditic variant, coxsack-
ievirus B3, was compared with the myocarditic coxsackie-
virus strain, B3,,. a difference in the.r infectivity was found.
Furthermore, comparison of the variants in vitro showed
that cytotoxic T cells induced by coxsackic B3y, infection
lysed monocytes of mice infected with coxsackicvirus B3y,
and not with coxsackievirus B3,

Human myocarditis. If the murine models adequately
reflect the pathogenesis of human myocarditis. one would
expect that conﬁicting descriptions of the human illness
would appear in the published medical reports. Althongh
improvement in left ventricular function in patieats with
dilated cardiomyopathy (1.49), the progression of active
myocarditis to a dilated hypocontractile heart (1.6,13) and
the spontaneous resolution of histolugic myocarditis (6.11)
have been noted in prior reports. this is the first classification
of myocarditis that categorizes the clinical spectrum of
disease.

In 1983, Fenoglio et al. (4) characterized myocarditis as
either ac.i*e. rapidly progressive ot chronic based on exam-
ination of endomyocardial biopsy specimens. They con-
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cluded that the biopsy provided clinically relevant prognos-
tic information. Our classification differs from that of
Fenoglio et al. {4) in several ways. First. we rely on clinical
as well as histologic data. Second. we include the first
reports of chronic persistent myocarditis, an active myo-
carditis that does not impair left ventricular function. Fi-
nally. our classification parallels that of another viral dis-
ease. viral hepatitis. in which autoimmune mechanisms
produce different clinical expressions of infection.

The Dallas criteria (16} established exacting histologic
criteria for the presence or absence of myocarditis and have
been useful to pathologists and clinicians. Features defined
by the Dallas criteria do not provide prognostic information
when considered in iselation from the clinical cata. We
recommend the continued utilization of the Dallas criteria:
however. we recommend the clinical modification of e
classification to include the four categories identified.

Conelnsions  The majority of patients with either active
or barderline myucarditis have significant left ventricula:
dysfunction. Patierts with the fulminant form of myocarditis
wan be <linically distinguished by their history of rapd
hemodynamic deterioration and histologic evidence of se-
vere active myocarditis. Patients with either acute or chronic
active forms of myocarditis cannot initially be separated
clinically or histologically, However. the chronic active form
ts characterized by recurrent episodes of clinica! deteriora-
tion. decling in ventricular function and histologic persis-
tenee of myocardial inflammation associated with the ap-
pearance of giant cells, making this category distinct and
recognizable, In addition. a minonty of the patients with
myocarditis appear 1o have persistent myocardial inflamma-
tion with notmal veatricular function. categorized as chrenic
persistent myocarditis. Our experience with this small num-
ber of patients suggests thal immunosuppressive therapy
appears to be of benefit exclusively in patients with active
myocarditis.

References

Dec GW. Palacion IF. Fallon T, etal. Active myocarditis in the spectrum
of acute dilated cardiomyapathies. clinical features. histologic cormelates
and elinical outcome. N Enal J Mad 19 2:885-90.
Nicninea MS. Heikkila J, Karjalainen ). Echocardiography in acute
imfectious myocanditis: relation *a clinicat and echocardiographic findings.
Am J Cardiol 1984:33:1331-7
Quigiey P). Richardson P), Meuney BT, e1 al. Longierm follow-up of
acute myocardin; correlation of ventseular function and omcome. Enr
Heart J 19R7:%0uppl J139-42,

. Feaoglio JI. Ursell PC. Kellogg CF. Drusin RE. Weiss MB. Diugnosis

and clussification of myocardits by endomyocardial biopsy. N Engl J

'\k\i I9R3:308:12-8,

Kawm €. Matsumort A, Fu]l\um H. \l\m.urdxm and diluted cardiomy-
cpathy. Anna Rev Med |98 22(-X
Rillingham ME. Tuzelaar HD. The mnmhnlng:c‘nl progression of virl
myocarditis. Posizrad Med J 1981

. Reyes MP. Lerner AM. Coxsackie myocarditin—with 5pecml reference ip
acute and chroaie effects. Prog Cardiovase O 1985:.27:373-94.
Tazeliar H1Y. Billingham ME. Leucocytic infirates in idiapathic dilated
cardinmyopathy, a source of confusion with active myocarditis, Am J
Surg Puthol 1986, 10040312,

-

E




1626 LIEBERMAN ET AL

CLINICOPATHOLOGIC DESCRIPTION QF MYOCARDITIS

9. Fukikla K. Arahaws K. Pathofogical substratum fus clincal Features af

[atal rayacarcitis. Jpn Cire § 1987:51:1379-84.

K . Shimizu M, Okwda R, I 8, A morphologica! anatysis of chromie
rwvocarditis. Jpo Cive ) 1987:51:1385-92.

11, ¥Connelt IB. The role of myocarditis in end-stage dilted cardinmyop-
athy. Tex Eleart st 1 1987.14:268-75,

12. Ponamonti B. .ulberti E. Cigalotio A, et al. Echacardiographic findings in
myacarditis, Am J Cardiol 1988;62:285-91

13. Daly K. Richardson PF, Olsen EG. et uIA Aculz myocarditis: rolz of
histological und virological examination in the diagnasis an¢ assessment
of immunesuppressive Ircdllm.nl Br Heart J 1984;51:30-5.

ia. Walerson AP. Virologicul investig in i iom yopathy
Posigred Med J |$78:54.505-9.

15. Chow LC. Diurich HC, Shubetai R. Endomyocardal biopsy in pulienls
with unexplained congestive heart fuilurc. Ann latern Med 1988:103:
554

16. Aretz 111, Myocarditis: the Dallas criterin, Hum Pathol 1987:18:619.
2. Shunes FG. Ghali J. Billingham ME, et al. Interohserver variability in the
pathulogiz interpretaton of endomyacardial results. Cireulation, 198775
EURN

Lie IT. and biopsy heart
[4lue: « diagnosis in scarch of a discase. A.m lnl(rn Med 1988:109:
525-8,

Diersiag JL, Wards JR, Koff RS, Acuie hepatiis, In: Braunwald E.
[sselbacher K1, Petersdorf RG, Wilson JD, Martin JB. Fanci AS. eds.
Herrison’s P les of Internal Medicine. 111h ed. New York: McGraw-
Hill, 1987:1%23-38,

n, \\.\nisJR Koff RS, feselbacher KJ. Chronic heputiiis, In Rel. 19:1338~

E

e

2h Fhlgemaum H. Echocardiography. 41h ed. Philadelphia: Lea & Febiger,
1986:127

2. Snlceda EE Atlas of Echacardiography. Philadelphia: WB Saunders.
UK 107-213.

2. O'Connell IB, Henkin RE, Robinson JA. Subramanian R. Scanlon PY.
Gunnar RM. Gallium-67 imaging in paticnts with dileted cardiomyopathy
and biopsy proven myacarditis. Circulation 1984:49:53-62

. Jums SR, Heskowitz A, Hutehios GM. Bavgbman KL. Effects of

immunosuppressive therapy in biopsy proven riyocarditis and barderlin

myacardilis on left ventricular function. Am I Candinl 1991:66:370-6.

Tubbs RA, Sheibanz K. Hawk WA. Giant cell myecarditis. Arch Pathol

Lab Med 1980:10¢

e

&

ma R, Kawahara Y. ¢t al. Asuts idiopathic inter-

is¢ Teport with speciaf reference to morpholagical

characteristics of giant cells J Clin Pathol 1986;39:1205~16.

Wilson M3, Banth RF. Buker PD. Unverferth DV, Kotibash A, Giant ¢

myneardlis. Am ] Med 1945:79:647-51

Klion JE, Pernicious anemia and gi:

TS7R335-h0.

3. Davidoff B. Falacios 1, Sourhern J, Fallon JT, Newell J, Dec GW. Giant

ceil yersus lymphocyiic myacarditis, Circutation (991:83:353-41.

1. Rose NR. Wilfgrumm LI Herskowiiz A. Beise] KW, Postinfectious
autoimmunity: twa distinct phases of coxsackievirus Binduced maa-
cardids. Ann NY Acad Sci 1986:475; 146-36.

3. Rose NR. Herskowitz A, Neumann DA, Neu A, Autoimmane myocardi-

o puridipra of post-infection autsimmune discase. Immunol Todey

l‘}ﬂi 511720

o
g
g
5

: <
&
g
g

s

#®

cell myecurdivs, Am ] Med

.

@

IS

&

.

&

&

k<

=
-

E

JACC Val_ IR, Na. 7
Becember 1991: 1617-26

Herskrmitz A. Wolfgram L), Rose NR, Beisel KW. Coxsackicvirus B2
awrine 1nyecarditis: 4 pathologic spectmm of myocarditis in genstically
defined inbred strains. 3 Am Coll Cardiol 1987:9:1311-9.

3. Wilson FM, Miranda (R, Chason IL. L mes AM. Residual pathologic

ehzrges following musing < arditic. Am J Patho)

969:253-68.

Wolfgram LJ, Beisel KW, Herskowitz A, Rose NR. Variations in the

suseeplibility to coxsackie B3-induced myacarditis among different

strains af mice. J lmmuncl 1936:13€:1846-52.

Waolfgram LJ, Beisel KW. Rosz NR. Heart-specific autoantibocies fol-

lowing murine coxsackic BY myocarditis. J Exp Med 1985:161:1113-21.

Huber SA. Job LP. Differencas in cylolytic T vell sesponse of RALR/

mice infected wild myocarditis xnd nen-myecardic strains of coxsackie-

vires group B, type 3. Infect Immun 1983;35:

Hubes SA. Lodge PA. Coxsackievirus H-3 myocarditis in BALBIc

mize-evidence for autoimmunity te myocyle antigens. Am J Pathol
H 5.

Maisch B, Deeg P, Liebau G, Kachsick K. Diagnostic relevance of
Fumoral and cytolexic immune reactions in primary and secondary
ditated canfiomyopathy. Am J Candio] 1983:!
Fowks RE. Bicber CP. Stinson EB. Defective jp vitra suppressor cell
foncticn in idispathic eongestive cardiomyopathy. Circulation 1979:39:
483-91,

Ecksizin R, Mempe! W, Holie H. Reduced suppressor cell activity in
congestive ¢ardismyopathy and n myocarditis. Circulation 1982:65:

. Andersan JL, Carlguist 1F, Lutz IR, NeWitl CW, Hammand EH. HLA

A. B and DR wping in idiopathic dilated cardiomyopathy: a search for
immurie respans= Factors. Am J Cardinl 1984:53:1326=30.

Fullon JT. M is and dilated cardi hy: different stages of
The sume dis¢ase? In: Waller B. ed. Cantemparary issues in cardiavas.
cufar patholagy. Cardiovase Clin 1987%:18:155-62

. Weinsiein C. Fenoglio 13. Myecarditis. Hum Pathol 1987:18:613-8.

Humphrey JFH, Wards IR, Issaibacher KJ. Alteration in cuppressor cell
activity in chronie active hepasitis, Proc Natl Acad Sci USA 1978:75:
1549-53.

. Matsumori A, Kawai €. An cxperimental model for congestive heart

failure after encephalomyucurditis virus myocarditis in mice. Circufation
198 2:65:1 7305

. Matsumori A, Kawai C. An animal model of cangestive (dilated) cardio-

myopithy: dilatation and hypertrophy of the heart in the chmmc stage in
DBA2 mice wilth ditis caused by hats ditis virus,
Cirenlation 1982.66:135-60,

. Gaunit {1, Gumez PT. Duffey PS. et al. Characterization and myocarditic

cupubilities of coasackievirus B3 varlants in selecied mouse strains,
¥ Viroh 1984:52:598-605

Gauar €3, The possivle role of viral vaviapis in puthogenesis. In:
Herdineli M. Friedwan 11, eds. Coxsackievirus: a gencral update.
Lofectious Agents and Pathogenesis. New York: Plenum 1988:159-79.
F\g.ﬂl.l HR. Rehf G. Nlcgar M. Luig H. Kruczer H. Spontancous
and associaled biopsy find-
mgs m mllem with :ungesuve cardiomyopathy. Circulation 1985:71:
1095,




	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10



