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Abstract: This study highlights the clinical features, treatments,

and outcomes of the rare myocarditis in adult-onset Still disease

(AOSD). Among a case series of 57 patients fulfilling either

Yamaguchi or Fautrel AOSD criteria and seen between 1998

and 2010, we identified 4 cases of myocarditis. From a

comprehensive literature review, we collected 20 additional

cases of myocarditis-complicated AOSD. The characteristics of

patients with myocarditis were compared with those of AOSD

patients without myocarditis.

In these 24 myocarditis-complicated AOSD cases, myocarditis

occurred early and was present at AOSD onset in 54% of the

cases. Myocarditis was often symptomatic (96% of patients) with

nonspecific electrocardiographic abnormalities (79% of patients)

and a left ventricle ejection fraction �50% (67% of patients).

Cardiac magnetic resonance imaging and endomyocardial biopsies

showed features consistent with myocarditis in 4 patients and a

mononuclear interstitial inflammatory infiltrate in 4 others.

Steroids alone were effective in 50% of patients with myocarditis.

Intravenous immunoglobulins, methotrexate, and tumor necrosis

factor-a-blockers were also prescribed and often found effective.

Only 1 patient died from cardiogenic shock. Patients with

myocarditis-complicated AOSD were younger and more frequent-

ly male than patients with AOSD alone. Pericarditis was more

frequent in the myocarditis group; white blood cell count,

polymorphonuclear cell count, and serum ferritin levels were also

higher.

Myocarditis is a potentially life-threatening complication of

AOSD but responds positively to steroids and other immunomod-

ulatory drugs. Its prognosis remains good (only 1 death

occurred), but the condition requires close monitoring of heart

function.

(Medicine 2014;93: 280–289)

Abbreviations: ACE-I = angiotensin-converting enzyme in-

hibitor, AE = adverse events, AOSD = adult-onset Still

disease, AOSD+M = AOSD+MAOSD with myocarditis,

CRP = C-reactive protein, CT = computed tomography,

ECG = electrocardiogram, EMB = endomyocardial biopsy,

IL = interleukin, IVIGs = intravenous immunoglobulins,

LVEF = left ventricle ejection fraction, MRI = magnetic

resonance imaging, NSAIDs = nonsteroidal antiinflammatory

drugs, NYHA = New York Heart Association, PMNs =

polymorphonuclear cells, RHS = reactive hemophagocytic

syndrome, SF = serum ferritin, TNF-α = tumor necrosis

factor-alpha, TTU = transthoracic ultrasonography.

INTRODUCTION

First described in 1971 by EG Bywaters, adult-onset Still
disease (AOSD) is a rare inflammatory disorder of unknown

etiology.6 Its main features are high spiking fever, evanescent
rash, sore throat, polyarthralgia or arthritis, serositis, lymphade-
nopathy, hepatosplenomegaly, leukocytosis, elevated polymor-
phonuclear neutrophils (PMNs), high erythrocyte sedimentation
rate, high serum ferritin (SF), and elevated liver enzymes.

Despite the high diagnostic value attributed to high SF
associated with low SF glycosylated fraction (<20%), the
diagnosis of AOSD is difficult to establish, and the spectrum
of differential diagnoses is wide.19 The clinical course of the
disease may follow 1 of 3 patterns: a monocyclic systemic
course, an intermittent or polycyclic systemic course, and a
chronic course that mimics chronic arthritis.52 The treatment
of AOSD remains empirical. It includes nonsteroidal antiin-
flammatory drugs (NSAIDs), corticosteroids, methotrexate,
and intravenous immune globulins (IVIGs).17 Biological
agents such as tumor necrosis factor-a (TNF-a) blockers,
interleukin-1 (IL-1) receptor antagonists, and IL-6 inhibitors
were recently used in refractory cases.41

The most frequent cardiac involvement during AOSD is
pericarditis. It occurs in nearly 20% of the patients. Its
outcome is most often favorable though some cases involved
cardiac tamponade.23 Conversely, myocarditis in AOSD is
rare. To the best of our knowledge, none of the major AOSD
cohort studies have mentioned myocarditis; only isolated
cases have been reported.

We review here the clinical features, treatments, and
outcomes of patients with myocarditis in AOSD. Four
previously unreported cases are described and the features of
20 other cases from the literature are summarized. The main
characteristics are then compared with those of a retrospec-
tive cohort of non-myocarditis-complicated AOSD cases.

PATIENTS AND METHODS

Retrospective Cases
From a series of 57 patients identified as having AOSD

(database of the Medical Information Department of Hospices
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Civils de Lyon, 1998–2010) and fulfilling either Yamaguchi53

or Fautrel19 criteria, we extracted all cases with myocarditis.23

The exclusion criteria for AOSD were an onset of the disease
before 16 years of age and insufficient medical record data.

Despite the fact that endomyocardial biopsy (EMB)
remains the gold standard in the diagnosis of myocarditis,8

recent criteria for acute myocarditis have been proposed
without the need for EMB.46 This classification considers 3
levels of diagnostic certainty: 1) Definite myocarditis (histo-
logically proven); 2) Probable acute myocarditis (cardiovas-
cular symptoms plus at least 1 of the following signs: raised
biomarkers, suggestive electrocardiogram (ECG) findings, or
abnormal cardiac function on transthoracic ultrasonography
(TTU) or cardiac magnetic resonance imaging (MRI); and,
3) Possible acute myocarditis (without cardiac symptoms but
with at least 1 of the latter signs).

The clinical features, laboratory characteristics, imaging
data, therapeutic strategies, and outcomes were collected and
analyzed by the same investigator (MGV) using a standard-
ized form. The study was conducted with the approval of the
institutional review board.

Control Patients
AOSD patients with myocarditis (AOSD+M) were

compared with AOSD patients without myocarditis from our
cohort (controls, n¼ 53).23

Literature Review
We conducted in PubMed (National Library of

Medicine, Bethesda, MD) a computer-assisted search of
publications in English and French from 1971 (when AOSD
was first described) to September 2013, using the terms
“Myocarditis” AND “Adult-onset Still disease” OR “Adult
Still disease.” The reference lists of all the retrieved articles
were also scanned for references not identified in the initial
search; duplicate publications were then excluded.

All cases with no better differential diagnosis were
included in the AOSD+M patient group. The data were
summarized using a standardized form with sex, age, clinical
and laboratory features of AOSD, time elapsed since the
onset of the disease, clinical and diagnostic tests for
myocarditis, treatment, and outcome.

Statistical Analysis
As the number of AOSD+M cases from our cohort was

too small (4 patients), cases from the literature were added.
A highly reliable statistical analysis could not be performed
because of the high publication bias. For illustration only, a
few relevant variables were tested using Fisher exact test for
categorical variables or Kruskal-Wallis test for continuous
variables. A p value < 0.05 was required for significance.

CASE REPORTS
We present here the main data on the 4 new cases of

AOSD+ M (Cases 1–4 in Table 1 and Table 2).

Case 1
A 39-year-old woman without medical history was

referred to our center in 2006 for recurrent fever of unknown
origin, transient pink-salmon skin rash on the trunk, poly-
arthralgia, 3-kg weight loss, and mild thrombocytopenia
(100,000/mm3) for 2 months. The other laboratory data were

the following: C-reactive protein (CRP) 24mg/dL (normal:
<0.5mg/dL), lymphocytes 540/mm3 (normal: 1500–4000/mm3),
SF 300mg/L (normal: <200mg/L), liver cholestasis with a
twofold increase of gamma-glutamyltransferase and alkaline
phosphatases.

An infectious disease was ruled out. Rheumatoid factors,
antinuclear antibodies, and antineutrophil cytoplasmic anti-
bodies were not detected. Complement factors (C3, C4, and
CH50) and serum proteins electrophoresis were normal. There
was no abnormality on a thoraco-abdomino-pelvic computed
tomography (CT) scan. A bone marrow biopsy was consistent
with a reactive hemophagocytic syndrome (RHS).

The patient’s condition worsened when NYHA (New
York Heart Association) class III dyspnea and sinus tachycar-
dia occurred. The ECG and serum troponin were normal. A
TTU showed a diffuse cardiomyopathy with left ventricle
ejection fraction (LVEF) decreased to 40% and a compressive
pericardial effusion. The patient was then transferred to an
intensive care unit where 400mL of exudative bloody fluid
was drained, which contained no malignant cells. Finally,
cardiac MRI findings were consistent with myocarditis.

Despite a mild increase in SF, the patient fulfilled the
Yamaguchi and Fautrel classification criteria; thus, RHS and
AOSD+M were diagnosed. Treatment with 2mg/kg per day
methylprednisolone resulted in important improvement. The
patient was then switched to oral prednisone (1mg/kg per
day), and an angiotensin-converting-enzyme inhibitor (ACE-
I) was added. By early 2007, the pericardial effusion
regressed and the LVEF increased to 55%. Unfortunately, 3
other flares (pericarditis without myocarditis) occurred in
2007 and 2008 despite high doses of prednisone. Four
treatments of IVIGs and methotrexate (30mg weekly) were
then used as steroid-sparing treatment and the TNF-a blocker
infliximab was added; the patient had no other flares. On the
last TTU, only mild dilated cardiomyopathy without im-
paired left ventricle function persisted.

Case 2
The patient was a 42-year-old man, a former heroin user

receiving substitution treatment, with a history of cured hepatitis
C and left ulnar osteitis diagnosed in 2003. He presented in June
2006 with recurrent fever (39°C), polyarthralgia, myalgia, and
10-kg weight loss. The laboratory findings were the following:
CRP 25mg/dL, WBC count 19,230/mm3 with 89% PMNs (that
is, 17,210/mm3), elevated liver enzymes up to twice the upper
normal limits, and SF 19,000mg/L. The glycosylated fraction of
ferritin was lower than 5%.

A thoraco-abdomino-pelvic CT scan showed small medi-
astinal lymph nodes (<1 cm in diameter). The bone marrow
biopsy was consistent with an inflammatory reactive pattern
without hemophagocytosis or lymphomatous infiltrate. An
empirical antibiotic therapy did not improve the symptoms;
many viral and bacterial infectious diseases were finally ruled
out. The immunologic tests showed no signs of autoimmune
disease. Because of increasing dyspnea and atrial fibrillation
on ECG, a TTU was performed which found a right-chamber-
compressing circumferential pericardial effusion. The patient
underwent quickly a surgical pericardial drainage that removed
700mL of a nonpurulent exudative and neutrophilic fluid with
neither evidence of malignant cells nor tuberculosis.

A pericardial biopsy showed a slightly thickened
pericardium with inflammatory infiltrates made of neutro-
phils, lymphocytes, and plasma cells suggesting a fibrinous
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pericarditis in its initial stage. Despite this and a broad-
spectrum antibiotic therapy, the patient remained febrile.
Findings on TTU worsened with the appearance of diffuse
cardiomyopathy, and LVEF decreased to 40%. Increased
troponin and creatine kinase levels led to a muscle biopsy
that showed no myositis.

Finally, AOSD+M was diagnosed. Intravenous steroid
pulse therapy was started together with a unique IVIGs cure.
The patient became afebrile within 2 days and felt a significant
clinical improvement, which persisted after shifting to oral
steroids. ACE-I and metoprolol were also prescribed. After 18
months of follow-up, the progression was favorable despite
tapering steroids dosage. The patient was then lost to follow-
up. At last news, TTU showed persisting wall-motion
abnormalities and impaired LVEF (50%) without evidence of
either dilated cardiomyopathy or heart failure.

Case 3
A 51-year-old man with past alcohol abuse felt ill in

November 2006 with sore throat, recurrent fever, sweat,
fatigue, and 10-kg weight loss. At referral to hospital, he had

polyarthritis (ankles, knees, elbows, and shoulders), spiking
fever (39°C), bilateral conjunctivitis, and skin rash on the
trunk and the limbs. Laboratory tests showed the following:
WBC count 5600/mm3, anemia (hemoglobin 80 g/L), throm-
bocytopenia (platelets 50,000/mm3), elevated liver enzymes
up to tenfold the upper normal limits, high erythrocyte
sedimentation rate (85mm/h), CRP (9mg/dL), fibrinogen
(6.56 g/L), and SF (8232mg/L). Antinuclear antibodies were
transiently positive but the Farr test and the search for
rheumatoid factors were negative. The patient never fulfilled
the diagnostic criteria for systemic lupus erythematous.

As in the previous 2 cases, all infectious causes were
ruled out. The patient’s condition worsened in early January
2007. The platelet count decreased to 20,000/mm3 and a
bone marrow aspiration showed hemophagocytosis. Then,
severe RHS occurred including multiple organ failure with
cardiogenic shock, acute respiratory failure, acute renal
failure with interstitial nephritis, and lactic acidosis.
Antibiotics (piperacillin-tazobactam and amikacin) were
administered in the intensive care unit without improvement.

The TTU was consistent with myocarditis presenting
with anterior and septal wall-motion abnormalities, as well

TABLE 1. Characteristics of AOSD Patients With Myocarditis

Case Ref.
Age/Sex
(yr) AOSD Clinical Symptom

WBCs
( /mm3)

PMNs
( /mm3)

Serum
Ferritin (mg/L)

(% GF)
AOSD
Progress

1 PR 39/F Fever, arthralgia, sore throat, skin rash, pleurisy, pericar-
ditis, weight loss, elevated liver enzymes

2890 1710 100 Polycyclic,
RHS

2 PR 41/M Fever, arthritis, skin rash, lymphadenopathy, hepatomegaly,
splenomegaly, pleurisy, pericarditis, weight loss

19,230 17,210 19,000 (5) Monocyclic

3 PR 51/M Fever, arthritis, sore throat, skin rash, pericarditis,
elevated liver enzymes

5600 NA 20,000 (5) Monocyclic,
RHS

4 PR 25/M Fever, arthritis, skin rash, sore throat, lymphadenopathy,
splenomegaly, pericarditis, elevated liver enzymes

20,240 17,550 13,250 (11) Monocyclic

5 (3) 21/M Fever, myalgia, polyarthralgia, skin rash, hepatomegaly,
lymphadenopathy

62,000 NA NA Polycyclic

6 (4) 20/M Fever, arthritis, skin rash 29,000 26,000 NA Polycyclic
7 (45) 57/M Fever, arthralgia, weight loss, skin rash, lymphadenopathy 21,000 17,000 NA Polycyclic
8 (44) 17/M Fever NA NA NA Monocyclic
9 (24) 26/F Fever, arthralgia, myalgia, skin rash, lymphadenopathy NA NA 5354 Monocyclic
10 (48) 52/M Fever, arthralgia, skin rash, sore throat 32,000 29,000 6500 NA
11 (2) 24/M Fever, arthritis, myalgia 33,000 30,000 3765 Monocyclic
12 (21) 34/M Fever, arthralgia, sore throat, skin rash NA 16,000 5994 NA
13 (39) 19/F Fever, arthralgia, myalgia, skin rash, lymphadenopathy 28,000 26,000 1000 Monocyclic
14 (49) 33/M Fever, arthralgia, myalgia, skin rash, sore throat 13,000 12,000 15,000 Polycyclic
15 (30) 31/M Fever, arthralgia, myalgia NA NA NA Monocyclic
16 (31) 20/M Fever, arthralgia, skin rash 54,000 48,000 5500 Monocyclic
17 (1) 33/M Fever, myalgia, sore throat NA 30,000 6000 Monocyclic
18 (54) 24/F Fever, arthralgia, skin rash, sore throat 15,000 13,000 6249 Monocyclic
19 (12) 39/M Fever, arthralgia, myalgia, sore throat, skin rash, lymph-

adenopathy
24,000 20,000 13,000 Monocyclic;

death
20 (27) 35/F Fever, arthralgia, myalgia, skin rash 16,000 14,000 14,100 NA
21 (10) 34/M Fever, sore throat, arthritis 22,000 20,000 NA Chronic
22 (10) 16/M Fever, arthralgia, myalgia, lymphadenopathy, skin rash,

sore throat
20,000 18,000 NA Chronic

23 (43) 20/M Fever, arthralgia, sore throat 20,000 NA 6250 Monocyclic
24 (16) 34/F Fever, arthralgia, skin rash, sore throat, lymphadenopathy 23,000 18,000 8828 (4) NA

Abbreviations: GF ¼ glycosylated ferritin (% of total serum ferritin), NA ¼ not available, PR ¼ present report.
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as impaired LVEF (35%–40%). Cardiac troponin was increased
to 15nmol/mL. At that time, the laboratory findings were the
following: serum creatinine 300mmol/L, SF 20,000mg/L,
glycosylated ferritin 5%, CRP 28.7mg/dL, proteinuria
0.60 g/24h. Ultimately, the diagnosis of AOSD complicated by
multiple organ failure was made and treatment with methylpred-
nisolone and IVIGs was initiated, which resulted in important
improvement. Over 7 years of follow-up, the patient did not
have heart failure or dilated cardiomyopathy.

Case 4
The fourth patient was a 25-year-old man who presented

to the emergency unit in 2011 with acute chest pain, high fever
(40°C), and sore throat. His past medical history included
Kawasaki disease in childhood. The initial clinical examination
showed pharyngitis and crackles in the lung bases but no signs
of cardiogenic shock. The ECG revealed sinus tachycardia
with negative T waves in the inferior territory.

The first laboratory findings were as follows: WBC
count 21,300/mm3, CRP 42.2mg/dL, troponin I 9.5mg/L

(normal: <0.2mg/L), and brain natriuretic peptide 208 ng/L
(normal: <100 ng/L). TTU showed diffuse cardiomyopathy
with LVEF decreased to 30% but a normal cardiac index. A
cardiac MRI showed a high pericardial signal uptake. As
viral myopericarditis was considered, the treatment included
acetylsalicylic acid, colchicine, perindopril, and bisoprolol.
The outcome was then favorable and troponin decreased. A
few days later, fever reappeared with high spikes (40–41°C)
in the evening, sore throat, monoarthritis of the left wrist,
cervical lymphadenopathy, and skin rash. A second TTU was
performed and was normal (LVEF 55%). Many blood tests
were performed in search of an infectious cause for
myopericarditis, but none was positive. Tests for antinuclear
antibodies, rheumatoid factor, and antineutrophil cytoplasmic
antibodies were also negative. A thoraco-abdomino-pelvic
CT scan showed no abnormality. At that time, the WBC
count was 21,000/mm3, PMNs 18,700/mm3, SF 13,750mg/L,
glycosylated ferritin 11%, and hepatic cytolysis appeared
(transaminases increased fourfold). Thus, AOSD was diag-
nosed and prednisone added (1mg/kg per day). After 2 years
of follow-up and tapered steroid doses, withdrawal of

TABLE 3. Characteristics at Time of Diagnosis of AOSD With and Without Myocarditis

Characteristics AOSD + Myocarditis (n¼ 24) AOSD Alone (n¼ 53)

General and clinical
Male* 18 (75) 24 (45)
Female* 6 (25) 29 (55)
Age at diagnosis (yr) 30.8 [16–57] 36 [16–75]
Fever 24 (100) 50 (94)
Arthralgia/arthritis 23 (96) 50 (94)
Rash 18 (75) 40 (75)
Lymphadenopathy 9 (38) 32 (60)
Sore throat/pharyngitis 13 (54) 27 (51)
Myalgia 11 (46) 25 (47)
Splenomegaly 2 (8) 15 (28)
Hepatomegaly 2 (8) 11 (21)
Pericarditis* 13 (54) 7 (13)
Pleurisy 2 (8) 8 (15)
Clinical course* Monocyclic 13/20 (65) Monocyclic 14 (26)

Polycyclic 5/20 (25) Polycyclic 24 (45)
Chronic 2/20 (10) Chronic 15 (28)

Laboratory
WBCs ³104 /mm3 17/19 (89) 37/50 (74)
Mean WBC ( /mm3)* 24,208 [2890–62,000] 13,931 [1500–30,000]
PMNs count* 20,748 [1710–48,000] 11,974 [110–26,110]
SF (μg/L)* 8,817 [100–20,000] 8,745 [84–130,000]
Glycosylated ferritin �20% 4/4 (100) 28/37 (76)
Elevated liver enzymes NA 21/43 (49)

RHS 2 (8) 6 (11)
Death 1 (4) 3 (6)
Treatment
Steroids 24 (100) 47 (89)
IVIGs 6 (25) 20 (38)
Methotrexate* 5 (21) 32 (60)
TNF-α blockers 3 (13) 16 (30)
Anakinra 1 (4) 6 (11)
Other 1 (4) 10 (19)

Values are expressed as mean [range] or number (%).
*Statistically significant differences.
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prednisone did not affect the course of heart disease. No
flare occurred during the follow-up. The last TTU was
considered normal.

RESULTS

Main Characteristics of the Retrospective Cohort
Among the 57 AOSD patients of our series (27 men and

30 women), 43 (75%) were followed-up in an internal
medicine department and 14 (25%) in a rheumatology depart-
ment. The mean follow-up period was 8.4 years (median,
6 yr). The median age at AOSD diagnosis was 36 years (range,
16–75 yr). The initial symptoms at disease onset were fever
(95%), weight loss (44%), arthralgia (95%), arthritis (46%),
rash (77%), sore throat or pharyngitis (53%), lymphadenopathy
(60%), splenomegaly (30%), hepatomegaly (21%), pleurisy
(18%), pericarditis (19%), and myalgia (44%).

The abnormal laboratory data were leukocytosis with
³80% PMNs (78%), increased CRP (98%), increased SF
(82%), and abnormal liver function tests (66%). Glycosylated
ferritin was �20% in 28 of 37 tested patients.

The clinical courses were monocyclic in 17 patients
(30%), polycyclic in 25 (44%), and chronic in the remaining
15 (26%). The treatments prescribed were NSAIDs (28
patients, 21% of adverse events [AE]), steroids (51 patients,
75% AE and 45% steroid-dependence), IVIGs (23 patients,
4% AE), methotrexate (33 patients, 33% AE), TNF-a block-
ers (17 patients, 6% AE), anakinra (6 patients, no AE), and
other treatments (10 patients). 23

Among these 57 patients, 4 had myocarditis. Thus, the
prevalence of AOSD+M in our series was 7%.

Characteristics of Myocarditis in AOSD
The 9 main case series on AOSD totaled 713 AOSD

patients but none described the occurrence of myocardi-
tis.9,11,13,19,28,29,40,42,57 Twenty-three AOSD+M cases were
reported in the literature, of which 20 were included in the
present analysis. Three cases6,50,56 were excluded from our
study because of insufficient data.

The main characteristics of the 20 included cases are
displayed in Table 1 and Table 2 (Cases 5–24).1–4,10,16,21,24,27,
30,31,39,43–45,48,49,54 These cases were 15 men (75%) and 5
women (25%). The mean age at myocarditis onset was 29 years
(range, 16–57 yr). Regarding diagnostic certainty, they were 4
definite cases, 15 probable cases, and 1 possible case of
myocarditis.

Pooling these 20 cases with the 4 above-described
probable acute myocarditis cases totaled 24 cases from which
we could extract some characteristics of myocarditis occur-
ring during AOSD.

Myocarditis seems to be an early complication: in all
but 5 cases (that is, 80%), it occurred during the first year of
the disease course. Thirteen patients (54%) had myocarditis
at the onset of the disease. Twenty-two patients (92%) were
symptomatic; 14 had chest pain (58%), the remaining
symptomatic patients presented with dyspnea and 7 (29%)
had heart failure.

In 17 patients (71%), the ECG was abnormal: ST-
segment or T-wave abnormalities in 13 and atrial fibrillation
in 3. Troponin level was increased in 6 of 7 patients in
whom it was assessed. TTU showed an impaired LVEF
(�50%) with localized or diffuse wall-motion abnormalities
in 16 patients (67%). Cardiac MRI was performed in 4

patients; it showed features consistent with myocarditis.
Finally, EMB was performed in 4 other patients; it showed
interstitial inflammatory infiltrate with mononuclear cells and
interstitial fibrosis in 2 patients.

The long-term prognosis, and specifically the develop-
ment of dilated cardiomyopathy, is unknown. After a median
of 5.5 years of follow-up (range, 1–7 yr), none of the 4
aforementioned patients with myocarditis developed
clinically apparent heart failure, although Case 1 did develop
a mildly dilated left ventricle.

Comparison Between AOSD+M and Control
Patients

The comparison between the 24 AOSD+M patients
(current study cohort and literature cases) and the 53 AOSD
control patients (current study cohort) is shown in Table 3.
First, AOSD+M patients were younger than the controls and
AOSD occurred 5.2 years (median) earlier in the former
group. Most AOSD+M patients were male (18/24, 75%) with
a male to female sex ratio of 3. The symptoms at the clinical
onset of AOSD were not different; AOSD+M patients
exhibited fever (100%), joint symptoms (96%), skin rash
(75%), and sore throat (54%). However, splenomegaly (8%
vs 28%) and arthritis (25% vs 42%) were less frequent in the
AOSD+M group than in controls. As expected, pericarditis
or pericardial effusion on TTU were much more prevalent in
the AOSD+M group than in the controls (54% vs 13%).

Regarding laboratory tests, WBC and PMN counts were
higher in the AOSD+M group than in the controls. The
difference between the SF levels was not clinically relevant.
In the 4 subjects in whom it was assessed, glycosylated
ferritin was <20% of total SF. Data on liver involvement in
the literature cases were scarce. In the 4 AOSD+M patients
from our series, the liver function tests were disturbed with
mild (Case 1) to severe (Case 3) enzyme elevation.

Surprisingly, the medical literature mentioned no other
cases of RHS than the 2 we described (except 1 probable
case of RHS12). Thus, myocarditis was not significantly
more frequent in the context of RHS.

Despite the lack of data on short follow-up periods in
the literature cases, most AOSD+M patients (18/20, 90%)
had a systemic (monocyclic or polycyclic) pattern compared
with only 72% (38/53 patients) in the control group.

The treatment of AOSD+M cases included, in all 24
patients, corticosteroids as first- or second-line therapy.
Twelve patients (50%) did not require other supportive drugs
than salicylate or nonsteroidal antiinflammatory drugs, which
is close to the nonmyocarditis group (22/53 patients, 42%
who did not receive a third-line therapy23). IVIGs were
prescribed for 6 AOSD+M patients (25%) vs 20 (38%) in
the control group. In 4 of these 6 patients, IVIGs were
sufficient to control the disease (there was no need for
another second-line treatment). Methotrexate was given to 5
AOSD+M patients (21%) vs 32 patients (60%) in the control
group but was effective in only 2. TNF-a blockers (inflix-
imab and etanercept) were prescribed to 3 AOSD+M patients
(13%) vs 16 patients (30%) in the control group and were
effective in all 3. Anakinra was successfully administered in
1 AOSD+M patient (vs 6 control patients, 11%). Cyclophos-
phamide was also administrated to 1 AOSD+M patient but to
none of the controls.

Following this treatment and supportive care, the short-
term prognosis of myocarditis was good in all but 1 patient
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(Case 19), who died from cardiogenic shock the day after
the occurrence of a complete atrioventricular block and
despite the implantation of a temporary pacemaker.12 Other
severe complications (2 cases of RHS and 1 case of multiple
organ failure) did not lead to death.

DISCUSSION
Despite being a life-threatening condition,12 myocarditis

is probably the least described visceral involvement in
AOSD53; its prevalence is rarely reported even in the largest
case series. The present study reports on the first case series
of myocarditis among unselected AOSD patients.

The prevalence of AOSD has been estimated at less than 1
case per 100,000 persons,33 and pericarditis is seen in about
20% of AOSD cases.13,19,23,42 According to our data, myocardi-
tis is less common; here, its prevalence in AOSD is about 7%.

The clinical picture of myocarditis in AOSD does not
seem to differ from that of myocarditis of other origins. The
presence of a majority of male patients has been already
noted in myocarditis of different origins7,34 but seems much
more marked in AOSD. In comparison with other myocardi-
tis cases, myocarditis in AOSD may be equally asymptomat-
ic (8%) but chest pain seems more frequent (58% vs 32%)25;
this is probably due to the high prevalence of associated
pericarditis. As in other myocarditis cases, the most common
findings on ECG were sinus tachycardia and nonspecific ST-
segment and T-wave abnormalities; however, in AOSD+M,
29% of ECGs were normal.14 None of the AOSD patients
exhibited severe arrhythmia as reported in other immune
myocarditis cases such as giant-cell or sarcoidosis myocardi-
tis.55 Cardiac troponin was assessed in a few literature cases;
it cannot thus be reliably analyzed. Nevertheless, Smith
et al47 have found that troponin I has a very limited
sensitivity (34%) in the diagnosis of myocarditis; it only
helps to confirm the diagnosis (specificity, 89%). The
findings on TTU were consistent with acute myocarditis but
not with fulminant myocarditis because smaller left ventricu-
lar chamber size and increased wall thickness were never
reported.20 Moreover, TTU was shown to have a prognostic
value in non-AOSD myocarditis; the loss of right ventricular
function was shown to be the most powerful predictor of
adverse outcome.38 As most literature cases of myocarditis
are not recent, only 4 patients had cardiac-MRI-confirmed
myocarditis. Currently, the place of cardiac MRI is growing
because a combination of T2-weighted MRI and post-
gadolinium early and late T1-weighted MRI have shown
good sensitivity (67%) and specificity (91%) in diagnosing
myocarditis22 as well as myocardial involvement in rheumat-
ic and autoimmune diseases.35

As half of myocarditis cases occurred at the onset of
AOSD, AOSD diagnosis may be suggested in case of feverish
myocarditis or heart failure after ruling out infectious diseases,
toxic causes (alcohol, radiation, antineoplastic drugs such as
anthracyclines), and immunologic conditions (drug-induced
hypersensitivity, eosinophilia, giant-cell myocarditis, sarcoido-
sis myocarditis, or myocarditis in connective tissue disease).14

In such cases, systemic symptoms, high WBC and PMN
counts, high SF with collapsed glycosylated fraction, and
steroid sensitivity should enhance the diagnostic probability.

AOSD+M patients were more often male (75% vs 45%
in uncomplicated AOSD); here and in other case series,
males represented 30%9 to 55%42 of the AOSD population.
AOSD+M patients seem younger too and exhibit important

local (association with pericarditis) and systemic inflammato-
ry patterns of the disease with higher WBC counts, PMN
counts, and serum ferritin levels. Arthritis, at AOSD onset,
has been associated with a chronic outcome.23 Here, arthritis
was less frequent in the AOSD+M group than in the controls
(25% vs 42%); this reinforces the idea that myocarditis is a
complication of the systemic patterns of AOSD.

The nonspecific treatment of acute myocarditis in
AOSD should not differ from that recommended by the
current guidelines.26,32,36 A neurohormonal blockade with an
ACE-I or angiotensin-receptor blockers, a b-adrenergic
blocker, and refraining from intensive physical activities for
a few months after the disease onset are recommended until
ventricular recovery has been documented by noninvasive
imaging. Life-threatening complications such as ventricular
arrhythmias and high-degree heart block might be monitored,
and implantable cardiac defibrillator or temporary pace-
makers considered early.46

According to our data, steroids constituted the first-line
specific treatment in AOSD+M patients since they were very
often effective and sufficient (with no need for a next-line
treatment) in the acute phase of AOSD+M. Thus, steroids should
not be delayed in case of high diagnostic probability. As shown
in a previous study, adverse events with steroids are common in
AOSD (75%); a steroid-sparing treatment such as methotrexate
should be initiated soon after myocarditis control.23

Although IVIGs were comparatively less prescribed in
AOSD+M than in AOSD alone, they could be of interest as
a second-intention emergency treatment because they were
shown effective in acute pediatric lymphocytic myocarditis15

and have led to marked improvements in left ventricular
performance in adults.51 Furthermore, the immunosuppres-
sive risk of this treatment is lower than that of other second-
line treatments, which is an advantage in acute febrile
myocarditis onsets in which an infectious cause has not been
definitely ruled out. In fact, in the Intervention for Myocardi-
tis and Acute Cardiomyopathy trial, there were no significant
differences between the IVIG group and the placebo group.37

Another restriction is the risk of acute heart failure due to
overload induced by IVIGs. However, in our case series,
IVIGs were safe in patients with heart disease during AOSD.
Thus, IVIGs are probably of interest in selected patients with
myocarditis of immunologic origin as in AOSD. Unsurpris-
ingly, methotrexate was less prescribed in AOSD+M than in
AOSD alone probably because of its slow onset of action.

TNF-a blockers were effective in the 3 patients in
whom they were administrated. According to published data,
TNF-a blockers would induce more partial remissions than
complete remissions and would be much more valuable in
chronic articular AOSD than in systemic AOSD possibly
complicated by myocarditis.18,41

Finally, it is probable that recent biological treatments such
IL-1 receptor antagonists and IL-6 inhibitors are of interest in
refractory AOSD+M occurring in the systemic pattern. IL-1
receptor antagonists would be valuable targeted therapies
because of their speed of action and effectiveness in auto-
inflammatory syndromes,41 but no data currently are available.

According to the last case series,23 the prognosis of
AOSD remains good. The occurrence of myocarditis is life-
threatening but the risk of death did not seem to be
increased in AOSD+M (1 death) compared with AOSD
alone (3 deaths). However, the former death was directly
attributable to the disease (heart block in a patient who
probably had fulminant but not proven RHS despite a 1mg/
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kg per day steroid therapy12), whereas the latter 3 deaths
were not (1 myocardial infarction, 1 accidental death, and 1
complication of lymphoma treatment). Furthermore, AOSD
myocarditis fulfills the criteria of good-prognosis myocardi-
tis as described by Cooper in 2009: acute myocarditis
evolving from less than 2 weeks with pathologic correlates
consistent with active lymphocytic myocarditis.14 So, as in
myocarditis from other causes, the vast majority of patients
with myocarditis do not die from myocarditis. The long-
term outcomes, especially the risk of chronic heart failure
and dilated cardiomyopathy, cannot be estimated on short-
term follow-ups such as those of the literature cases.

The pathophysiology of myocarditis in AOSD remains
unclear. However, 2 mechanisms could be involved: an
AOSD-specific myocarditis and a nonspecific myocardial
involvement during a cytokine storm. On the one hand, data
collected from the 4 EMBs performed were consistent with
those of Zhao et al56 showing an active lymphocytic
myocarditis at the acute phase, which may lead, in the
chronic phase, to irregular fibrosis and atrophy. This argues
for an inflammatory mechanism linked to the AOSD. On the
other hand, cardiac failure occurring mostly in RHS-compli-
cated AOSD—which is probably underreported in this
study—may be secondary to a myocardial stunning in the
context of a severe systemic inflammatory response syn-
drome as described in severe sepsis. MRI assessment of
myocardial involvement could lead to a better understanding
of these mechanisms.

The present retrospective study has many biases. The major
one is the analysis of a group of individually reported AOSD+M
cases (a publication bias). However, there are no other unselect-
ed myocarditis cases from AOSD retrospective cohorts, and a
comparison using only 4 cases would have been impossible; the
addition of reported AOSD+M cases was a practical solution but
one that did not allow advanced statistical tests.

Conclusion
The current study presents 4 unselected original cases of

myocarditis in AOSD and a literature review on this topic.
Including these 4 cases, there are now 24 easily accessible
reported cases.

Myocarditis was present at AOSD onset in half the
cases; given its severity, cardiologists should be aware of
its occurrence and risks (normal cardiac enzymes and
normal ECG do not rule out myocarditis in the context of
AOSD). A TTU should be rapidly considered. Cardiac
MRI is probably a useful noninvasive diagnostic tool to
confirm myocarditis without resorting to EMB in this
condition.

In the current study we found that compared with
patients with AOSD alone, AOSD+M patients were younger,
more often male, and more often had pericarditis and higher
WBC counts, PMN counts, and SF levels.

Specific treatments such as steroids and IVIGs seem
effective. As in other myocarditis cases, close cardiac
monitoring should be established to detect heart blocks or
ventricular arrhythmias and prompt specific management.
Further studies are needed to assess the long-term outcomes
of myocarditis in AOSD.
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