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Abstract

Background: Adult-onset Still disease (AOSD) is a rare systemic inflammatory disorder. A few patients develop
organ complications that can be life-threatening. Our objectives were to describe the disease course and
phenotype of life-threatening AOSD, including response to therapy and long-term outcome.

Methods: A multicenter case series of intensive care medicine (ICU) patients with life-threatening AOSD and a
systematic literature review.

Results: Twenty patients were included. ICU admission mostly occurred at disease onset (90%). Disease
manifestations included fever (100%), sore throat (65%), skin rash (65%), and arthromyalgia (55%). Serum ferritin was
markedly high (median: 29,110 ng/mL). Acute respiratory failure, shock and multiple organ failure occurred in 15
(75%), 10 (50%), and 7 (35%) cases, respectively. Hemophagocytosis was demonstrated in eight cases. Two patients
died. Treatment delay was significant. All patients received corticosteroids. Response rate was 50%. As second-line,
intravenous immunoglobulins were ineffective. Anakinra was highly effective. After ICU discharge, most patients
required additional treatment. Literature analysis included 79 cases of AOSD with organ manifestations, which
mainly included reactive hemophagocytic syndrome (42%), acute respiratory failure (34%), and cardiac
complications (23%). Response rate to corticosteroids was 68%. Response rates to IVIgs, cyclosporin, and anakinra
were 50%, 80%, and 100%, respectively.

Conclusions: AOSD should be recognized as a rare cause of sepsis mimic in patients with fever of unknown origin
admitted to the ICU. The diagnosis relies on a few simple clinical clues. Early intensive treatment may be discussed.
IVIgs should be abandoned. Long-term prognosis is favorable.
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Background
Adult-onset Still disease (AOSD) is a rare systemic in-
flammatory disorder of unknown etiology. Its prevalence
is less than 1/100,000 and it affects predominantly young
people [1]. AOSD typically presents with high-grade
fever, evanescent rash, sore throat, arthromyalgia, arth-
ritis, serositis, discrete lymphadenopathy, hepatospleno-
megaly, neutrophilic leukocytosis, hepatic cytolysis, and
high serum ferritin [2, 3].
While differential diagnosis is broad (infection, malig-

nancy, autoimmunity) there is no single biological nor
pathological finding specific for AOSD [2]. Thus it is an
experience-based diagnosis. The long-term course may be
monocyclic, polycyclic, and/or complicated by a chronic
erosive polyarthritis [2]. AOSD treatment relies on cortico-
steroids (CS) and immunosuppressive agents such as
methotrexate or cyclosporin [4–6]. Recently, biologics
(off-label) targeting tumor necrosis factor alpha (TNF-α)
[7–10] and, more importantly, interleukin (IL)-1 (ana-
kinra) [11–14] or IL-6 (tocilizumab) [7, 14, 15] have shown
interesting efficacy in refractory chronic AOSD.
A few patients develop organ complications that can

be life-threatening, including reactive hemophagocytic
syndrome (RHS), cardiac failure, respiratory distress,
coagulopathy, severe hepatitis, and multiple organ failure
(MOF) [16]. Data regarding these infrequent complica-
tions mainly arise from case reports or small series
focusing on one manifestation such as RHS [17–19] or
myocarditis [20]. Despite these patients posing import-
ant diagnostic and therapeutic dilemmas, little is known
about life-threatening AOSD as a whole.
Our objectives were: (i) to describe the disease course and

phenotype of life-threatening AOSD (i.e. cases with organ
failure leading to ICU admission) (ii) to analyze the response
to therapy and long-term outcome of these patients.
We report a multicenter case series of 20 intensive

care unit (ICU) patients with life-threatening AOSD as
well as a systematic literature review of organ manifest-
ation of AOSD.

Methods
Multicenter case series
Inclusion criteria
This multicenter retrospective study was performed
under the auspice of the French Intensive Care Society
and the French Internal Medicine Society. Inclusion cri-
teria were: (i) admission to ICU due to AOSD-related
organ failure. (ii) AOSD diagnosis fulfilling the Yamaguchi
[21] and/or Fautrel [22] criteria. (ii) Exclusion of differen-
tial diagnosis, including infection, malignancy, and other
systemic immune mediated disorders. (iv) Age at AOSD
diagnosis > 18 years. (v) Organ failure requiring organ-
supporting therapeutic intervention including vasopressor
agents, pericardial drainage, mechanical ventilation, renal

replacement therapy (RRT) or plasmatherapy. Exclusion
criteria were ICU admission without organ failure or for
reasons other than AOSD.
The flow chart is in Additional file 1. This observational

study was performed in accordance with the Helsinki dec-
laration, and European and French ethics laws.

Data collection
Data were collected using a standardized form by one of
the investigators (AW). Disease severity was measured
using the SAPS II (Simplified Acute Physiology Score II).
Organ failure definitions were adapted from SAPS II and
Logistic Organ Dysfunction (LOD) system [23–25]. Defi-
nitions of respiratory and cardio-circulatory failures,
acute kidney injury (AKI), neurologic dysfunction, and
hematologic disorders are reported in Additional file 2.
Response to therapy was defined as ICU discharge.

Systematic literature review
Using MEDLINE via PubMed (National Library of
Medicine, Bethesda, MD, USA), we performed a com-
puter search for English or French language publica-
tions from January 2000 to March 2014. We selected case
reports from western or east Asian countries describing
AOSD cases complicated by RHS or/and shock, respira-
tory distress, myocarditis, tamponade, hepatic failure,
thrombotic microangiopathy (TMA), disseminated intra-
vascular coagulation (DIC), MOF, AKI, and/or neuro-
logical involvement. Individual data were collected by one
of the investigators (AW). Details of systematic literature
review are available in Additional file 2.

Statistical analysis
Data are presented as median (min-max). Analyses were
performed using SPSS software, version 21.0 (IBM Corp,
Armonk, NY, USA). Continuous variables were compared
using the nonparametric Mann-Whitney test. Statistical
significance was defined as a two-tailed p value of < 0.05.
Cumulative incidence and survival curve were created
using the Kaplan-Meier method (GraphPad Prism version
5 (GraphPad Software, San Diego, CA, USA). Venn dia-
grams were drawn using the online tool available at http://
bioinformatics.psb.ugent.be/webtools/Venn/.

Results
Clinical and biological AOSD features
Twenty patients (8 women and 12 men) from 11 centers
were included. Patients’ ethnicity was mostly Caucasian
(18/20, 80%). Median age was 36 years (18–64). ICU admis-
sion mostly occurred during the initial AOSD flare (90%).
Patients exhibited a combination of fever, evanescent skin
rash, sore throat, arthromyalgia, serositis (Fig. 1a and b),
and organ involvement (Table 1). Eighteen patients (90%)
had leukocytosis ≥10 × 109/L (median: 22 × 109/L). All
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patients had marked biological inflammation (median
C-reactive protein [CRP] level: 328 mg/L (100–495))
contrasting with fibrinogen levels (median: 3.8 g/L
(1.1–7.1)). Prothrombin activity (PA, normal range:
70–100%) was ≤50% in eight cases (40%). Ten patients
(50%) had elevated liver enzymes (median aspartate ami-
notransferase [ASAT] level: 85.5 UI/L (31–2963)). Serum
ferritin was markedly elevated (median: 29110 ng/mL
(2287–554,944)) (Fig. 1c).

Disease course and diagnostic delay
Median time between fever onset and hospitalization
was 10 days (1–61) (Fig. 2a). Median time between
hospitalization and ICU admission was 4 days (0–39).
Median time between fever onset and ICU admission was
14.5 days (5–61). Most patients (17/20, 85%) had received
no specific treatment for AOSD upon ICU admission. Even
then, treatment began more than 2 days after ICU admis-
sion in most cases (12/17, 60%) (Fig. 2b). One patient was
treated after 44 days spent in the ICU. Suspected diagnoses
included septic shock, pneumonia, angiocholitis, Lemierre
syndrome, Rickettsiosis, Leptospirosis, drug reaction. As

shown in Fig. 2c, many antibiotics were prescribed before
AOSD was eventually considered.

Organ involvement
Organ involvement mainly affected the respiratory,
cardiocirculatory and hematologic systems (Fig. 1a). The
median SAPS II score was 33 (16–88).

Pulmonary involvement
Fifteen patients (75%) suffered acute respiratory distress
(ARF) requiring mechanical ventilation (invasive in 11,
noninvasive in 4). One patient required pleural drainage.
Upon chest computed tomography (CT), 12 patients
(60%) exhibited parenchymal lesions, including pulmon-
ary condensations (35%), bilateral micronodular infil-
trates (15%) and/or interstitial pneumonia (10%). Pleural
effusions were frequent (12, 60%). Respiratory distress
fulfilled the acute respiratory distress syndrome (ARDS)
criteria in two patients, who were treated by prone
position and neuromuscular blocking agents. Four pa-
tients had tracheostomy for weaning from mechanical
ventilation (20%).

Fig. 1 Phenotypic spectrum of life-threatening AOSD. a Venn diagram depicting the association and overlap of five key clinical features of AOSD
with organ failure. b Evanescent skin rash in two patients with AOSD. c Kinetics of leukocytosis and ferritinemia. T0 before ICU admission, ICU first
recorded value in the ICU
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Cardiac and circulatory involvement
Ten patients had shock requiring vasopressors. Five had
non-cardiogenic shock, with MOF in four cases. Nor-
epinephrine was administered for a median of 8 days
(2–15). Four other patients had cardiogenic shock re-
quiring dobutamine for a median of 3 days (2–8) and
one patient had mixed shock. One patient needed an
extracorporeal life support system for 7 days.
Pericarditis occurred in ten patients (50%) with cardiac

tamponade in three (drainage in two cases). Five patients
(25%) had < 45% left ventricular ejection fraction. Their
median was 40 (25–45). No patients had ventricular
heart rhythm disorder. Eight patients had evidence of
myocarditis (40%), which was occasionally proven by

magnetic resonance imaging (MRI) or endomyocardial
biopsy (one case each).

Hematologic disorders
Nineteen patients had moderate anemia. None had leuco-
penia. Seven patients had platelet count < 100 × 109/L.
Fourteen patients underwent bone marrow examination.
Hemophagocytosis was seen in eight cases and correlated
with thrombocytopenia and liver enzyme elevation. In
contrast, hemoglobin, leukocyte, fibrinogen and ferritin
levels did not predict hemophagocytosis (Fig. 3).
Ten patients (50%) had DIC in the context of MOF

(n = 6), severe hepatitis (n = 2), myocarditis (n = 1)
or ARF (n = 1). One patient had TMA (5%), with
thrombocytopenia, hemolytic anemia, and schizocytosis.
TMA was confirmed by renal biopsy and it was compli-
cated by AKI requiring RRT, and status epilepticus. A dis-
integrin and metalloprotease with thrombospondin type I
repeats-13 (ADAMTS 13) activity was 35%.

Other
Liver enzyme elevation above 3 × ULN occurred in ten
patients (50%). One patient had hepatic encephalopathy
and two had hepatic failure with PA < 50%. None received
a liver transplant. Neurological impairment occurred in
five patients (25%), in association with other organ failure.
AKI occurred in seven patients (35%, median creatinine
level: 337 μmol/L (233–580)). All seven patients required
RRT (median duration = 8 days (4–30)). AKI occurred in
the event of MOF for six patients (85,7%) and TMA for
one (14.3%). MOF occurred in seven patients (35%), with
hemophagocytosis for five patients.

Treatment and outcomes
Treatment efficacy in the ICU
As first line, all patients received high-dose CS. Re-
sponse to CS monotherapy, i.e. leaving the ICU without
further treatment, was achieved in only ten cases (50%),
within a median of 6 days (1–36). These patients had
lower ferritin level (p = 0,017) and tended to exhibit a
less severe clinical picture. An additional table shows
this in more details (see Additional file 3).
In the ten remaining patients, a second-line treatment

was added after several days of CS. Detailed individual
data are available in Additional file 4. Most frequently
used second-line treatment was intravenous immuno-
globulins (IVIgs) at 2 g/kg/day (6/10, 60%). Treatment
efficacy is summarized in Table 3. IVIgs were ineffective.
Anakinra was eventually used in five cases at 100 mg/
day and was highly effective. An additional figure shows
this in more details (see Additional file 5). Median time
until response to anakinra was 4.5 days (3–15).

Table 1 Characteristics of life-threatening AOSD

n (%)

Characteristics of patients

Age, years (median) 36 (18–64)

Male 12 (60%)

First episode 18 (90%)

AOSD features

Fever 20 (100%)

Rash 13 (65%)

Sore throat 13 (65%)

Arthromyalgia 17 (85%)

Arthritis 3 (15%)

Hepatosplenomegaly 13 (65%)

Organ manifestations

Respiratory

Acute respiratory failure 15 (75%)

Lung infiltrate 12 (60%)

Pleural effusion 12 (60%)

Cardiocirculatory

Shock 10 (50%)

Myocarditis 8 (40)

Pericarditis 10 (50%)

Tamponade 3 (16%)

Hematologic

Disseminated intravascular coagulation 10 (50%)

Hemophagocytosis 8 (40%)

Thrombotic microangiopathy 1 (5%)

Other

Acute kidney injury 7 (35%)

Neurologic dysfunction 5 (25%)

Severe hepatitis 3 (15%)

Multiple organ failure 8 (40%)

Death 2 (10%)
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ICU complications
Median ICU stay duration was 13 days (2–82). Ten pa-
tients (50%) suffered at least one complication, including
infection, hemorrhage, distal necrosis, and ICU neur-
opathy (Table 2).
Seven patients developed ten infectious complications.

Six patients (30%) developed catheter-related infection,
with suppurative thrombophlebitis in two cases. Causal
agents included Staphylococci (n = 3), Pseudomonas
aeruginosa (n = 3), Corynebacterium jekeium (n = 1),
Candida albicans (n = 1). Ventilator-associated pneumo-
nia occurred in two patients (5%), caused by Pseudomonas
aeruginosa plus Klebsiella pneumonia in one, Enterobacter
aerogenes in the other.
Six patients (30%) experienced hemorrhages in the

context of hemostasis disorders, thrombocytopenia
and/or organ lesions: digestive hemorrhage by
angiodysplasia (n = 1), peptic ulcer (n = 1), and in-
testinal necrosis (n = 1); liver biopsy (n = 1); lower
limb (n = 1); and diffuse hemorrhage (n = 1). Distal
extremity necrosis occurred in two patients (10%),
caused by DIC for one, and TMA for the other.
Three patients (15%) had atrial fibrillation, compli-
cated by pulmonary edema. One patient had hyp-
oxic cardiocirculatory arrest, with full recovery. One
patient had hypertensive emergency. Three patients

(15%) developed ICU neuropathy. Four patients
(20%) needed tracheotomy.
Two patients (10%) died in the ICU. Both had MOF

and hemophagocytosis. A 19-year-old man, with a previ-
ous history of AOSD died after ineffective CS then IVIgs
treatment. Treatment had begun 17 days after first signs.
A 37-year-old woman with new-onset AOSD died after
2 months in the ICU. This patient presented with hemo-
phagocytosis uncontrolled by CS, anakinra, cyclosporine,
and etoposide. She underwent diagnostic splenectomy
and suffered repeated infections, notably invasive can-
didiasis. Autopsy disclosed hepatosplenic hemophagocy-
tosis. Treatment had begun 32 days after fever onset.

Long-term outcome
After leaving the ICU, 11 patients with persistent disease ac-
tivity required additional treatment before discharge. At 3
months, all patients were on CS and 16/18 (89%) received
additional treatment, mostly anakinra (n = 10) and/or
methotrexate (n = 5). Detailed long-term treatment data are
reported in Table 3. At last follow-up, a single patient had
received no other treatment than CS. The clinical course
of AOSD was monocyclic, polycyclic and articular in ten
(56%), six (33%), and two patients (11%), respectively.
After a median follow-up of 3.5 years, no patient had suf-
fered life-threatening relapse.

Fig. 2 Disease course prior to ICU admission and therapeutic delay. a Time from first symptoms (i.e. fever onset) to hospitalization and to ICU
admission. b Treatment delay among 17 untreated patients upon ICU admission. c Antibiotic use per patient, prior to AOSD recognition
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Systematic literature review
We performed a systematic review of published data de-
scribing AOSD patients with organ complications, which
included 79 cases from 62 publications. Median age at
life-threatening episode was 38 years. Fifty patients were

female (63.3%). Organ complication mostly occurred at
diagnosis (n = 62, 78%). The spectrum of organ compli-
cations were as follows: 33 RHS (42%); 27 ARF (34%) in-
cluding six ARDS (8%); 18 cardiac complications (23%)
including six tamponades (8%), 12 myocarditis (15%),
complicated by cardiogenic shock in five cases (6%); 16
MOF (20.3%); 13 TMA (16.5%); four fulminant hepatitis
(5.1%) with two liver transplantations. As in our series,
neurologic and renal impairment resulted from other
organ manifestations.
As first line, most patients received CS monotherapy

(75/79, 95%). Response rate was 68%. The efficacy of
second-line treatments is reported in Table 4. When data
from our series and literature review were pooled, the effi-
cacy rate of IVIgs, cyclosporine, and anakinra were 11/27
(41%), 13/18 (72%), and 8/9 (89%), respectively (Table 4).

Discussion
Herein, we report on the first study focusing on AOSD
patients requiring ICU admission due to AOSD-related
organ failure. Our objectives were to describe the

Fig. 3 Biological correlates of bone marrow hemophagocytosis. Fourteen patients have had bone marrow examination. Key biological parameters
are compared according to the presence or absence of hemophagocytosis in the bone marrow. Histograms depict the median. *p < 0.05,
Mann-Whitney test

Table 2 ICU complications

ICU complications n = 20

Infection 7 (35%)

Hemorrhage 6 (30%)

Hypertensive emergency 1 (5%)

Atrial fibrillationa 3 (15%)

Hypoxic cardiocirculatory arrestb 1 (5%)

Distal extremity necrosis c 2 (10%)

ICU neuropathy 3 (15%)

Tracheotomy 4 (20%)

Death 2 (10%)

ICU intensive care unit, awith pulmonary edemae, bfull recovery, cCaused by
disseminated intravascular coagulation for one, and thrombotic microangiopathy
for the other
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phenotypic spectrum, response to therapy and long-term
outcome of this infrequent subgroup of patients with
life-threatening AOSD.
Until now, most studies about AOSD have focused on

the long-term risk of developing further systemic flare(s)
and/or a chronic polyarthritis. Similarly, most data re-
garding therapeutics focuses on patients with refractory,
chronic, and non-life-threatening disease [1–15, 21, 22].
The fact that AOSD patients may develop severe organ
manifestations is mentioned for decades, but this subset
of patients has been seldom studied [2]. The present
work is the first attempt to study critically ill AOSD pa-
tients as a whole. The frequency of organ complications
is difficult to estimate, but it may not be so rare. Among
the last 38 patients with new-onset AOSD seen at our
center (Nantes), five (13%) were diagnosed in the ICU.
In a recent single-center series, 19 out of 57 patients
(33%) developed one or more organ complications (with
or without organ failure) [3]. In the present study, we
wanted to specifically focus on life-threatening AOSD, i.
e. on ICU patients with overt organ failure. This

stringent inclusion criterion explains the rather small
size of this multicenter nationwide series.
Both in our series and in published cases, we found

that three key AOSD organ manifestations can lead to
ICU admission. The most frequent is respiratory failure
due to lung damage and/or pleural effusion. The second
is cardiocirculatory failure (non-cardiogenic shock, myo-
carditis, and/or cardiac tamponade). The third complica-
tion is hematologic disorders, including RHS and/or
DIC. The majority of patients exhibit a combination of
organ manifestations and one-third has MOF. These
complications occurred mostly during the first flare.
Expectedly, patients had usual signs of AOSD. Half of
them exhibited the classic triad of high-grade fever with
evanescent maculopapular rash and arthromyalgia [2].
Other clues to the diagnosis, including sore throat, sero-
sitis, neutrophil leukocytosis, and hepatic cytolysis were
highly prevalent. However, patients suffered significant
diagnostic delay. Median time between fever onset and
treatment was 3 weeks. Even once organ failure had oc-
curred, therapeutic delay remained significant. The main

Table 3 Initial treatment efficacy and long-term therapeutic data

Initial treatment efficacy Treatment received after leaving the ICU

n = 20 n = 18

At 3 months At 1 year At 2 years

Treatment n Efficacy n (%) n (%) n (%)

Corticosteroids alone 20 10 (50%) 4/18 (22%) 3/18 (17%) 3/13 (23%)

IVIgs 6 1 (17%) 1/18 (5%) 0 0

Cyclosporine 3 1 (33%) 3/18 (17%) 2/18 (11%) 0

Anakinra (IL1Ra) 5 4 (80%) 10/18 (56%) 7/18 (39%) 3/13 (23%)

Etoposide 3 2 (67%) 0 0 0

Methotrexate 5/18 (28%) 5/18 (28%) 4/13 (31%)

Leflunomide 1/18 (5%) 0 0

TNF-α blockers 1/18 (5%) 1/18 (5%) 1/13 (7%)

Cyclophosphamide 0 1/18 (5%) 1/13 (7%)

Azathioprine 0 1/18 (5%) 1/13 (7%)

Tocilizumab (anti-IL6) 0 1/18 (5%) 0

Remission off treatment 0 2/18 (5%) 3/13 (23%)

ICU intensive care unit, IL1Ra interleukin-1 receptor antagonist, IVIgs intravenous immunoglobulins, TNF tumour necrosis factor

Table 4 Initial treatment efficacy and long-term therapeutic data in ICU

Initial treatment efficacy

Literature (n = 79) Present series (n = 20) Pooled

Treatment n Efficacy n Efficacy Efficacy

Corticosteroids alone 75 51 (68%) 20 10 (50%) 61/95 (64%)

IVIg 21 10 (48%)a 6 1 (17%) 11/27 (41%)

Cyclosporine 15 12 (80%) 3 1 (33%) 13/18 (72%)

Anakinra (IL1Ra) 4 4 (100%) 5 4 (80%) 8/9 (89%)

Etoposide 0 0 (0%) 3 2 (67%) 2/3 (67%)

ICU intensive care unit, IL1Ra interleukin1 receptor antagonist, IVIg intravenous immunoglobulins, aEfficacy of IVIg monotherapy = 5/9 (55.6%)
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issue was the difficulty to abandon the sepsis hypothesis,
as reflected by the amount of antibiotics these patients
received before AOSD diagnosis. High-grade fever, sore
throat, lung infiltrates, hepatic cytolysis, and neutrophilic
leukocytosis clearly misguided clinicians, along with the
negativity of autoimmunity screening.
RHS is the most frequent AOSD complication [3, 17–19].

Both entities share pathophysiologic pathways and clinico-
biological features [2, 17–19, 26–30]. As for RHS, hyperfer-
ritinemia is a useful diagnostic clue for AOSD [2, 21, 22].
The sensitivity and specificity of > 1000 ng/ml hyperferriti-
nemia are 67–80% and 36–41%, respectively, outside the
ICU. In our series, all patients had > 2000 ng/mL and 17/
20 (85%) reached 10,000 ng/ml. Two out of three patients
without such a massive hyperferritinemia only suffered
from cardiac tamponade. In recent AOSD series, the in-
cidence of RHS is 15%. Its mortality rate is 10 to 15%
[3, 17–19], which is lower than in infection and/or
malignancy-related RHS [17–19]. No validated criteria are
available for the diagnosis of AOSD-related RHS. We
found that biological parameters that best correlated with
bone marrow hemophagocytosis were thrombocytopenia
and hepatic cytolysis. Paradoxically, other cytopenias
and ferritin level had less predictive value, which em-
phasis the role of macrophage activation in AOSD,
beyond hemophagocytosis. Recently, Bae et al. studied
109 AOSD patients including 21 with clinically de-
fined RHS [18]. They found that low platelet count,
anemia, and hepatomegaly were significant predictors
of clinically defined RHS, but that leukocyte count
and ferritin level were not. A scoring system has re-
cently been proposed to estimate the probability of
RHS (H-score) of any cause [26]. Missing data pre-
cluded its calculation in our patients. Interestingly,
this has been found to predict survival in an Asian
AOSD cohort [27].
AOSD, RHS, and sepsis share pathophysiological as-

pects, including the prominent role of pro-inflammatory
cytokines IL-1, IL-6, and IL-18 [2, 28–33]. Interestingly,
a recent study has shown that clinicobiological assess-
ment is more reliable than cytokine profiling to distin-
guish AOSD from sepsis [33]. As for RHS, a careful
analysis of patients’ biological profile is an important
step to suspect AOSD [2, 32]. In the appropriate clinical
setting, the combination of absolute or relative
thrombocytopenia or hypofibrinogenemia, and massive
hyperferritinemia should lead to consider the diag-
nosis of AOSD.
Our second objective was to assess the prognosis and

response to therapy. Two patients of ours succumbed
to AOSD (10%). Yet, mortality may be higher since
some patients with fatal AOSD have certainly been
missed. A significant proportion of patients experienced
classical ICU complications and/or sequelae such as

distal necrosis or neuropathy, but long-term prognosis
was favorable.
Overall, only half the patients responded to CS. We

found that these patients tend to have a less severe dis-
ease, and lower ferritin levels. IVIgs were frequently used
as second-line therapy in patients who failed CS. Indeed,
persisting or recurrent fever under CS in an ICU patient
raises the issue of superimposed infection. In such cir-
cumstances IVIgs are an appealing therapy even if little
data are available regarding their use in AOSD. Our
study and literature data show that IVIgs are rarely
effective, with an overall response rate of only 41%. By
contrast, we found that IL-1-targeting therapy with ana-
kinra was highly effective. In our series, five patients
(25%) received anakinra in the ICU, with a response rate
of 80%. One of the limitations of its use is the lack of
data for patients with severe renal failure. Indeed, the
only patient that did not fulfill our response criteria (i.e
leaving ICU without further treatment) died after ana-
kinra was stopped due to persistent fever, infections, and
AKI requiring RRT. Twenty years ago, a phase III
randomized controlled trial investigated the efficacy of
anakinra in ICU patients with severe sepsis [34]. In
this trial, stopped for futility, 116 patients had re-
ceived anakinra. Mortality rate was not different from
the placebo group. Of note, a recently published post
hoc analysis suggests that anakinra could be beneficial
in sepsis patients with features of RHS [35]. A signifi-
cant proportion of our patients had persistent disease
activity after ICU discharge. At 3 months, 16 out of
18 required additional treatment. At this time point,
11 patients had received anakinra, which was effective
in ten cases (91%).
Our series have several limitations owing to its

retrospective nature, limited size, and heterogeneity.
However, retrospective studies are essential tools for
the study of such rare diseases. They can also provide
meaningful information regarding the efficacy and
safety of therapeutic strategies in complex yet real-life
situations.

Conclusions
AOSD should be recognized as a potential sepsis mimic in
patients with fever of unknown origin admitted to ICU. In
the absence of diagnostic gold standard, intensivists
should be aware of the clinical and biological clue to this
diagnosis. Fifty percent of patients are refractory to CS,
thus early intensive treatment may be discussed on an
individual patient basis [36]. Whether life-threatening
AOSD is a distinct subset or merely the result of diagnos-
tic delay remains to be determined. Further studies are
needed to identify risk factors for life-threatening compli-
cations in patients with AOSD that had not yet entered
the ICU.

Néel et al. Critical Care  (2018) 22:88 Page 8 of 10



Additional files

Additional file 1: Flow chart of life-threatening adult-onset Still disease.
(PDF 363 kb)

Additional file 2: Additional information about the manuscript methods
and literature review references are provided. (DOCX 27 kb)

Additional file 3: Comparison of patients according to response to
corticosteroids in the ICU. (DOCX 14 kb)

Additional file 4: Treatment of 20 AOSD in the ICU: treatments, timing
and outcome. (PDF 510 kb)

Additional file 5: Example of two patients treated by anakinra.
(PDF 265 kb)

Abbreviations
ADAMTS 13: A disintegrin and metalloprotease with thrombospondin type I
repeats-13; AKI: acute kidney injury; AOSD: Adult-onset Still disease;
ARDS: Acute respiratory distress syndrome; ARF: Acute respiratory distress;
ASAT: Aspartate aminotransferase; CRP: C-reactive protein; CS: Corticosteroids;
DIC: Disseminated intravascular coagulation; ICU: Intensive care unit;
IL: interleukin; IVIgs: Intravenous immunoglobulins; MOF: Multiple organ
failure; PA: Prothrombin activity; RHS: Reactive hemophagocytic syndrome;
RRT: Renal replacement therapy; SAPS II: Simplified Acute Physiology Score II;
TMA: Thrombotic microangiopathy; TNF-α: tumor necrosis factor alpha

Acknowledgments
The authors thank the members of the Société de Réanimation de Langue
Française and the Société Nationale Française de Médecine Interne.
Contributors:
Ygal Benhamou (MD), Service de Médecine Interne, CHU Charles Nicolle,
76031 Rouen, France.
Odile Beyne-Rauzy (MD), Service de Médecine Interne, CHU Purpan, 31059
Toulouse, France.
Philippe De Faucal (MD), Service de Médecine Interne, CH Privé du
Confluent, 44277 Nantes, France.
Christophe Guitton (MD), Service de Réanimation Médicale, CH Le Mans,
72037 Le Mans, France.
Patrick Jego (MD, PhD), Service de Médecine Interne, CHU de Rennes, 35033
Rennes, France.
Jean Reigner (MD, PhD), Service de Réanimation Médicale, PHU3, CHU de
Nantes, 44093 Nantes, France.
Laurent Sailler (MD, PhD), Service de Médecine Interne, CHU Rangueil, 31059
Toulouse, France.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
MH, AN, CB, and AW designed the study. AW, JB, DC, OD, LF, GG, PG, CG,
HM, AM, JP and JMZ contributed to the data acquisition. AW and AN
checked the inclusion criteria. AW extracted the data. AW and AN wrote the
draft of the manuscript. AW, AN, and BT performed all statistical analysis. All
authors revised the manuscript for important intellectual content. MH and
CB revised the manuscript for the final version. AN and AW equally
conbtributed to this work as co-first authors. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
This observational study was performed in accordance with the Helsinki
declaration, European and French ethical laws.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Service de Médecine Interne, PHU3, CHU Hôtel-Dieu, 44093 Nantes, France.
2Service d’Hématologie, PHU1, CHU Hôtel-Dieu, 44093 Nantes, France.
3Service de Médecine, CH de Morlaix, 29672 Morlaix, France. 4Service de
Réanimation Médicale, CHU de Rouen, 76031 Rouen, France. 5Service de
Médecine Interne, CHU de Rennes, 35033 Rennes, France. 6Service de
Dermatologie, Hôpital Henri Mondor, 94000 Créteil, France. 7Service de
Réanimation Médicale, CHU Cochin, AP-HP, 75012 Paris, France. 8CH
Bretagne-Atlantique, 56000 Vannes, France. 9Service de Médecine Interne,
CHU Bicêtre, AP-HP, 94270 Kremlin-Bicêtre, France. 10Service de Médecine
Interne, CHD Vendée, 85925 La Roche-sur-Yon, France. 11Service de
Réanimation, Hôpital Yves Le Foll, 22000 St Brieuc, France. 12Service de
Médecine Interne, Hôpital Européen Georges Pompidou, AP-HP, 75908 Paris,
France. 13Service de Médecine Interne-Rhumatologie, groupe hospitalier
Diaconesses-Croix-Saint-Simon, 75020 Paris, France. 14Service de Réanimation
Médicale, PHU3, CHU de Nantes, 44093 Nantes, France. 15UPRES EA 3826,
Faculté de Médecine, Université de Nantes, 44035 Nantes, France.

Received: 5 December 2017 Accepted: 12 March 2018

References
1. Magadur-Joly G, Billaud E, Barrier JH, et al. Epidemiology of adult Still’s

disease: estimate of the incidence by a retrospective study in west France.
Ann Rheum Dis. 1995;54:587–90.

2. Gerfaud-Valentin M, Jamilloux Y, Iwaz J, Sève P. Adult-onset Still’s disease.
Autoimmun Rev. 2014;13:708–22. doi.org/10.1016/j.autrev.2014.01.058

3. Gerfaud-Valentin M, Maucort-Boulch D, Hot A, et al. Adult-onset still disease:
manifestations, treatment, outcome, and prognostic factors in 57 patients.
Medicine (Baltimore). 2014;93:91–9. doi.org/10.1097/MD.0000000000000021

4. Franchini S, Dagna L, Salvo F, et al. Efficacy of traditional and biologic
agents in different clinical phenotypes of adult-onset Still’s disease. Arthritis
Rheum. 2010;62:2530–5. doi.org/10.1002/art.27532

5. Hamidou M, Boutoille D, Masseau A, et al. Adult-onset Still disease with
hemophagocytic syndrome treated with cyclosporine. Presse Med. 2005;34:
1634–6.

6. Fautrel B, Borget C, Rozenberg S, et al. Corticosteroid sparing effect of low
dose methotrexate treatment in adult Still’s disease. J Rheumatol. 1999;26:
373–8.

7. Pouchot J, Arlet J-B. Biological treatment in adult-onset Still’s disease. Best
Pract Res Clin Rheumatol. 2012;26:477–87. doi.org/10.1016/j.berh.2012.07.002

8. Husni ME, Maier AL, Mease PJ, et al. Etanercept in the treatment of adult
patients with Still’s disease. Arthritis Rheum. 2002;46:1171–6. doi.org/10.
1002/art.10231

9. Cavagna L, Caporali R, Epis O, et al. Infliximab in the treatment of adult
Still’s disease refractory to conventional therapy. Clin Exp Rheumatol. 2001;
19:329–32.

10. Fautrel B, Sibilia J, Mariette X, et al. Tumour necrosis factor alpha blocking
agents in refractory adult Still’s disease: an observational study of 20 cases.
Ann Rheum Dis. 2005;64:262–6. doi.org/10.1136/ard.2004.024026

11. Fitzgerald AA, Leclercq SA, Yan A, et al. Rapid responses to anakinra in
patients with refractory adult-onset Still’s disease. Arthritis Rheum. 2005;52:
1794–803. doi.org/10.1002/art.21061

12. Laskari K, Tzioufas AG, Moutsopoulos HM, et al. Efficacy and long-term
follow-up of IL-1R inhibitor anakinra in adults with Still’s disease: a case-
series study. Arthritis Res Ther. 2011;13:R91. doi.org/10.1186/ar3366

13. Ortiz-Sanjuán F, Blanco R, Riancho-Zarrabeitia L, et al. Efficacy of anakinra in
refractory adult-onset Still’s disease: multicenter study of 41 patients and
literature review. Medicine (Baltimore). 2015;94:e1554. doi.org/10.1097/MD.
0000000000001554

14. Puéchal X, DeBandt M, Berthelot JM, et al. Tocilizumab in refractory adult
Still's disease. Arthritis Care Res. 2011;63:155–9. doi.org/10.1002/acr.20319

15. Ortiz-Sanjuán F, Blanco R, Calvo-Rio V, et al. Efficacy of tocilizumab in
conventional treatment-refractory adult-onset Still’s disease: multicenter
retrospective open-label study of thirty-four patients. Arthritis Rheumatol.
2014;66:1659–65. doi.org/10.1002/art.38398

Néel et al. Critical Care  (2018) 22:88 Page 9 of 10

https://doi.org/10.1186/s13054-018-2012-2
https://doi.org/10.1186/s13054-018-2012-2
https://doi.org/10.1186/s13054-018-2012-2
https://doi.org/10.1186/s13054-018-2012-2
https://doi.org/10.1186/s13054-018-2012-2
http://doi.org/10.1016/j.autrev.2014.01.058
http://doi.org/10.1097/MD.0000000000000021
http://doi.org/10.1002/art.27532
http://doi.org/10.1016/j.berh.2012.07.002
http://doi.org/10.1002/art.10231
http://doi.org/10.1002/art.10231
http://doi.org/10.1136/ard.2004.024026
http://doi.org/10.1002/art.21061
http://doi.org/10.1186/ar3366
http://doi.org/10.1097/MD.0000000000001554
http://doi.org/10.1097/MD.0000000000001554
http://doi.org/10.1002/acr.20319
http://doi.org/10.1002/art.38398


16. Efthimiou P, Kadavath S, Mehta B. Life-threatening complications of adult-
onset Still’s disease. Clin Rheumatol. 2014;33:305–14. doi.org/10.1007/
s10067-014-2487-4

17. Hot A, Toh M-L, Coppéré B, et al. Reactive hemophagocytic syndrome in
adult-onset Still disease: clinical features and long-term outcome: a case-
control study of 8 patients. Medicine (Baltimore). 2010;89:37–46. doi.org/10.
1097/MD.0b013e3181caf100

18. Bae C-B, Jung J-Y, Kim H-A, Suh C-H. Reactive hemophagocytic syndrome in
adult-onset Still disease: clinical features, predictive factors, and prognosis in
21 patients. Medicine (Baltimore). 2015;94:e451. doi.org/10.1097/MD.
0000000000000451

19. Arlet J-B, Le THD, Marinho A, et al. Reactive haemophagocytic syndrome in
adult-onset Still’s disease: a report of six patients and a review of the
literature. Ann Rheum Dis. 2006;65:1596–601. doi.org/10.1136/ard.2005.
046904

20. Gerfaud-Valentin M, Sève P, Iwaz J, et al. Myocarditis in adult-onset still
disease. Medicine (Baltimore). 2014;93:280–9. doi.org/10.1097/MD.
0000000000000112

21. Yamaguchi M, Ohta A, Tsunematsu T, et al. Preliminary criteria for
classification of adult Still’s disease. J Rheumatol. 1992;19:424–30.

22. Fautrel B, Zing E, Golmard J-L, et al. Proposal for a new set of
classification criteria for adult-onset still disease. Medicine (Baltimore).
2002;81:194–200.

23. Le Gall J-R, Lemeshow S, Saulnier F. A new simplified acute physiology
score (SAPS II) based on a European/North American multicenter study.
JAMA. 1993;270:2957–63.

24. Le Gall JR, Klar J, Lemeshow S, et al. The Logistic Organ Dysfunction system.
A new way to assess organ dysfunction in the intensive care unit. ICU
Scoring Group. JAMA. 1996;276:802–10.

25. Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity of disease
classification system. Crit Care Med. 1985;13:818–29.

26. Fardet L, Galicier L, Lambotte O, et al. Development and validation of a
score for the diagnosis of reactive hemophagocytic syndrome (HScore).
Arthritis Rheumatol. 2014;66:2613–20. doi.org/10.1002/art.38690

27. Ahn SS, Yoo B-W, Jung SM, et al. Application of the 2016 EULAR/ACR/
PRINTO classification criteria for macrophage activation syndrome in
patients with adult-onset Still disease. J Rheumatol. 2017;44:996–1003. doi.
org/10.3899/jrheum.161286

28. Mazodier K, Marin V, Novick D, et al. Severe imbalance of IL-18/IL-18BP in
patients with secondary hemophagocytic syndrome. Blood. 2005;106:3483–
9. doi.org/10.1182/blood-2005-05-1980

29. Rooney T, Murphy E, Benito M, et al. Synovial tissue interleukin-18
expression and the response to treatment in patients with inflammatory
arthritis. Ann Rheum Dis. 2004;63:1393–8. doi.org/10.1136/ard.2003.016428

30. Conigliaro P, Priori R, Bombardieri M, et al. Lymph node IL-18 expression in
adult-onset Still’s disease. Ann Rheum Dis. 2009;68:442–3. doi.org/10.1136/
ard.2008.093781

31. Kawaguchi Y, Terajima H, Harigai M, et al. Interleukin-18 as a novel
diagnostic marker and indicator of disease severity in adult-onset Still’s
disease. Arthritis Rheum. 2001;44:1716–7. doi.org/10.1002/1529-0131

32. Creput C, Galicier L, Buyse S, et al. Understanding organ dysfunction in
hemophagocytic lymphohistiocytosis. Intensive Care Med. 2008;34:1177–87.
doi.org/10.1007/s00134-008-1111-y

33. Rau M, Schiller M, Krienke S, et al. Clinical manifestations but not cytokine
profiles differentiate adult-onset Still's disease and sepsis. J Rheumatol. 2010;
37:2369–7. doi.org/10.3899/jrheum.100247

34. Opal SM, Fisher CJ Jr, Dhainaut JF, et al. Confirmatory interleukin-1 receptor
antagonist trial in severe sepsis: a phase III, randomized, double-blind,
placebo-controlled, multicenter trial. The Interleukin-1 Receptor Antagonist
Sepsis Investigator Group. Crit Care Med. 1997;25:1115–24.

35. Shakoory B, Carcillo JA, Chatham WW, et al. Interleukin-1 receptor blockade
is associated with reduced mortality in sepsis patients with features of
macrophage activation syndrome: reanalysis of a prior phase III trial. Crit
Care Med. 2016;44:275–81. doi.org/10.1097/CCM.0000000000001402

36. Moulis G, Sailler L, Astudillo L, et al. May anakinra be used earlier in
adult onset Still disease? Clin Rheumatol. 2010;29:1199–200. doi.org/10.
1007/s10067-010-1459-6

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Néel et al. Critical Care  (2018) 22:88 Page 10 of 10

http://doi.org/10.1007/s10067-014-2487-4
http://doi.org/10.1007/s10067-014-2487-4
http://doi.org/10.1097/MD.0b013e3181caf100
http://doi.org/10.1097/MD.0b013e3181caf100
http://doi.org/10.1097/MD.0000000000000451
http://doi.org/10.1097/MD.0000000000000451
http://doi.org/10.1136/ard.2005.046904
http://doi.org/10.1136/ard.2005.046904
http://doi.org/10.1097/MD.0000000000000112
http://doi.org/10.1097/MD.0000000000000112
http://doi.org/10.1002/art.38690
http://doi.org/10.3899/jrheum.161286
http://doi.org/10.3899/jrheum.161286
http://doi.org/10.1182/blood-2005-05-1980
http://doi.org/10.1136/ard.2003.016428
http://doi.org/10.1136/ard.2008.093781
http://doi.org/10.1136/ard.2008.093781
http://doi.org/10.1002/1529-0131
http://doi.org/10.1007/s00134-008-1111-y
http://doi.org/10.3899/jrheum.100247
http://doi.org/10.1097/CCM.0000000000001402
http://doi.org/10.1007/s10067-010-1459-6
http://doi.org/10.1007/s10067-010-1459-6

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Multicenter case series
	Inclusion criteria
	Data collection

	Systematic literature review
	Statistical analysis

	Results
	Clinical and biological AOSD features
	Disease course and diagnostic delay
	Organ involvement
	Pulmonary involvement
	Cardiac and circulatory involvement
	Hematologic disorders
	Other

	Treatment and outcomes
	Treatment efficacy in the ICU
	ICU complications
	Long-term outcome

	Systematic literature review

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

