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SUMMARY
The objective was to evaluate the clinical and laboratory manifestations and outcomes of the MAS cases in the 
context of systemic juvenile idiopathic arthritis (SJIA), systemic lupus erythematosus (SLE), Kawasaki disease, 
poly-articular juvenile idiopathic arthritis (PJIA).
Twenty consecutive patients diagnosed with MAS between 2005 and 2016 entered the study. The cases were 
divided into two groups: in the first, MAS emerged in the context of a previously diagnosed rheumatologic dis-
ease, while in the second, MAS was the first presentation of a rheumatologic disease. In the other classification, 
the cases were divided into recurrent and non-recurrent cases. Laboratory data were recorded at three times: 
before MAS attack, during MAS attack, and 1 month after discharge from hospital.
Nineteen cases with the median age of 5.9 (3.6-10) years entered the study. Four cases (21.1%) showed recur-
rent attacks of MAS. MAS was the first presentation of disease in 10 cases. The median age of the patients in the 
underlying disease group (10 years) was significantly higher than in the first presentation group [4.5(1.7-6.1) 
years, p=0.003]. The median fibrinogen value during MAS attack in the underlying disease group (601 mg/
dL) was also significantly higher than in the first presentation group (174 mg/dL, p=0.038). The platelet count 
during MAS attack in the recurrent group (30,500/microliter) was significantly lower than in the non-recurrent 
group (135,000/microliter, p=0.042).
Our series of MAS cases demonstrated an overview of the symptoms, signs, laboratory manifestations, treat-
ment, and prognosis of these cases. The higher median fibrinogen in MAS in the underlying disease group 
revealed that a decreasing level of fibrinogen in chronic disease is more significant than a single cut off value. 
Indeed, the lower platelet count in the recurrent MAS group may indicate greater platelet consumption due to 
organomegaly. Early diagnosis and treatment may save the patients’ lives.

Key words: Macrophage activation syndrome; systemic juvenile idiopathic arthritis; systemic lupus erythema-
tosus; Kawasaki.
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n	 INTRODUCTION

Macrophage activation syndrome (MAS) 
is a severe and life-threatening com-

plication in the context of autoimmune and 
auto-inflammatory disorders (1-3). The 
main disease in this category is systemic 
juvenile idiopathic arthritis (SJIA), but 
MAS may also appear in other diseases, 
such as Kawasaki disease (4), systemic lu-
pus erythematosus (SLE) (5), and periodic 
fever syndromes (2, 3).

MAS may be induced by the flare-up of the 
underling disease or by a trigger factor such 
as infection, changes in the treatment, and 
treatment complications of biologic or other 
drugs (6-8). The patients may present with 
non-remitting fever, hepatosplenomegaly, 
lymphadenopathy, encephalopathy, coagu-
lopathy, and even multi-organ failure in se-
vere cases. The laboratory data may show 
pancytopenia, hypertriglyceridemia, hyper-
ferritinemia, hypofibrinogenemia, and in-
crease in transaminase levels (9).
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Delayed diagnosis of MAS may lead to 
life-threatening complications and increase 
in mortality rate. Recent studies reported a 
mortality rate of 8% in this disorder (10, 
11). Due to the importance of early diag-
nosis and treatment for MAS, many studies 
were performed to help earlier diagnosis of 
MAS and differentiate this disorder from 
other situations such as flare-up of under-
lying disease or infections (12-14).
This study evaluated the clinical and labo-
ratory manifestations and outcomes of the 
MAS cases as an emergent complication in 
the context of SJIA, SLE, Kawasaki, poly-
articular juvenile idiopathic arthritis (PJIA). 

n	 MATERIALS AND METHODS

Twenty consecutive patients diagnosed 
with MAS, requiring hospital admission 
in the Children Medical Center between 
2005 and 2016, entered the prospective 
study. The patients over 18 years of age, 
patients that did not return for follow-up, 
and patients with diagnosis of primary he-
mophagocytic lymphohistiocytosis (HLH) 
were excluded from the study. One patient 
with resistance to treatment was excluded 
with the diagnosis of Griscelli syndrome 
according to the whole exome sequencing 
analysis. Because of the triggering effect 
of the infection for MAS in the cases with 
rheumatologic diseases, documented in-
fection was not an exclusion criterion. The 
study was approved by Institutional Re-
view Board of the Children Medical Center 
(Tehran University of Medical Sciences). 
The study and data collection were compli-
ant with the principles of the Declaration of 
Helsinki. Informed consent was obtained 
from all patients.
The cases were selected according to the 
clinical and laboratory signs of MAS (9). 
Attacks of MAS can occur in the setting 
of SJIA, PJIA, SLE, and Kawasaki. In 
the admissions of flared up patients with 
underlying disease and patients with first 
manifestations unresponsive to treatment, 
the serial changes of complete blood count 
(CBC), ESR, CRP and laboratory data in-
cluding ferritin, fibrinogen, triglycerides 
and liver function test were registered. All 

cases were required to meet both previous 

(9) and new criteria of Ravelli et al. (14) 
and Parodi et al. (4) All the MAS patients 
according to the previous criteria fulfilled 
the new Ravelli criteria (14). In Kawasaki 
disease the MAS patient fulfilled Ravelli’s 
2016 criteria (14, 15). For primary diagno-
sis of the background disease, the relevant 
criteria were used (16-18). 
In history taking, the age and gender of the 
cases and the primary symptoms were re-
corded. Three time intervals were obtained 
from the patients’ history and used in the 
analysis:
1) The time interval from the beginning of 

the underlying rheumatologic disease 
to the hospital admission. In patients 
where MAS was the first presentation 
of rheumatologic disease, this time was 
considered zero.

2) The time interval from deteriorating 
general condition to hospital admission.

3) The time interval from hospital admis-
sion to definite diagnosis and starting 
treatment.

Patients’ drug histories were also obtained. 
The patients in the MAS group were di-
vided according to their drug history into 
four groups:
1) Active on drugs.
2) Active without drugs.
3) Remission on drugs.
4) Remission off drugs. 
In the physical examination, abnormal signs 
of the patients were noted. The tympanic 
body temperature was measured in all pa-
tients. Abdominal sonography and echocar-
diography were performed for all patients.
Laboratory data, including white blood 
cells (WBC), polymorphonuclear (PMN), 
lymphocyte, hemoglobin, platelet count, 
erythrocyte sedimentation rate (ESR), and 
C-reactive protein (CRP), were recorded at 
three times: before MAS attack (previous 
records were searched at the initial diag-
nosis of background disease), during MAS 
attack, and 1 month after discharge from 
hospital. In the cases where MAS was the 
first presentation of disease, the previous 
records and consequently, the first group of 
the laboratory data were not available. Fer-
ritin, fibrinogen, alanine aminotransferase 
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(ALT), aspartate aminotransferase (AST), 
alkaline phosphatase, lactate dehydroge-
nase (LDH), serum sodium, prothrombin 
time (PT), partial thromboplastin time 
(PTT), and international normalized ratio 
(INR) were recorded only during the MAS 
attack. Changes in the laboratory data (for 
example WBC1, WBC2, WBC3) were also 
evaluated.
The eligible patients were followed until at 
least 12 months. The outcome of the dis-
eases was classified into complete resolu-
tion, resistance to treatment, recurrence, and 
death. If within three months after complete 
resolution of the first attack, the laboratory 
manifestations of MAS recurred, the disease 
was classified in the recurrence category.
At admission, all the patients were treated ac-
cording to the underlying disease. The MAS 
patients were treated with methylpredniso-
lone pulses for three days. The resistant and 
recurrent MAS patients were treated accord-
ing to HLH 2004 guidelines with dexametha-
sone, cyclosporine and etoposide (19).
Statistical analysis was done by SPSS 
version 22 (SPSS Inc. Chicago, IL). Cat-
egorical variables were shown as a number 
(percentage). Continuous variables were 

shown as median (interquartile range). Two 
classifications were used in the analysis. In 
one of the classifications (as noted before), 
the cases were divided in two groups:
1) Where MAS occurred in the setting of 

previously diagnosed rheumatologic 
disease (underlying disease group).

2) Where MAS was the first presentation 
of rheumatologic disease (first presen-
tation group).

In the other classification, the cases were 
divided into recurrent and non-recurrent 
cases. All symptoms, signs, laboratory 
data, and outcome results were compared 
between the above groups. A chi-squared 
test was used to compare the categorical 
variables between two groups. The Mann-
Whitney U test was used to compare con-
tinuous variables between 2 groups. p<0.05 
was considered significant.

n	 RESULTS

Nineteen cases [11 (57.2%) males] with 
the median age of 5.9 (3.6-10) years en-
tered the study. Demographic and baseline 
characteristics of the patients are shown in 
Table I. 

Table I - The characteristic data of patients. The quantitative data (data and durations) are shown as me-
dian [interquartile range (IQR)]. The qualitative data are shown as a number (percentage). 

Parameter Frequency/Mean

Gender Male
Female

11 (57.9%)
8 (42.1%)

Age (years) 5.9 (3.6-10)

Recurrent attacks Non-recurrent MAS
Recurrent MAS

15 (78.9%)
4 (21.1%)

Diagnosis

SJIA
Polyarticular JIA
Kawasaki
SLE

9 (47.3%)
4 (21%)

5 (26.3%)
1 (5.2%)

Time of attack (MAS) First presentation
On underlying disease

10 (52.6%)
9 (47.4%)

Disease situation
Active on drugs
Active without drugs
Remission on drug

8 (42.1%)
10 (52.6%)

1 (5.2%)

Duration of basic disease (months) 24 (4-60)

Duration of acute symptoms (days) 21 (12-60)

Duration between admission to treatment (days) 2 (2-7.2)

MAS: Macrophage Activation Syndrome, SD: standard deviation, SJIA: systemic onset juvenile idiopathic 
arthritis, PJIA: polyarticular juvenile idiopathic arthritis, and SLE: systemic lupus erythematosus.
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Four cases (21.1%) showed recurrent at-
tacks of MAS. The second attack occurred 
at the median interval of 9.5 (5-28) months 
from first attack. Of the recurrent cases, 3 
cases occurred in the setting of SJIA. Of 
these 3 cases, 2 died (one due to noncom-
pliance with treatment and one due to late 
referral). In the fourth case, the MAS oc-
curred in the setting of Kawasaki disease. 
Four attacks of MAS were diagnosed in 
this case. In one of these 4 attacks, Guil-
lain-Barre syndrome occurred concurrent-
ly. Immunologic evaluations were there-
fore performed and a diagnosis of Bruton 
agammaglobulinemia was made.
As shown in Table II, MAS was the first 
presentation of disease in 10 cases. Of 
these cases, 3 developed SJIA, 5 developed 
Kawasaki (including the Bruton case), and 
one developed SLE. These 10 cases had 
not received any treatment before diagno-
sis of MAS. The other 9 cases were under 

Table II - The signs, sonography and echocardiography data of macrophage 
activation syndrome patients.

Symptom Positive Negative
Fever 16 (84.2%) 3 (15.7%)

Hepatosplenomegaly
Hepatomegaly
Splenomegaly

7 (36.8%)
4 (21%)
1 (5.2%)

7 (36.8%)

Lymphadenopathy 3 (15.7%) 16 (84.2%)

Rash 10 (52.6%) 9 (47.4%)

Hemorrhagic disorders 4 (21.5%) 15 (78.9%)

Loss of consciousness 5 (26.3%) 14 (73.68%)

Serositis  
Pleural effusion
Pericardial effusion
Ascites 

Total

8 (42.1%)
6 (31.5%)
1 (5.2%)

15 (78.9%)

4 (21%)

Respiratory distress 8 (42.1%) 11 (57.8%)

Active arthritis 5 (26.3%) 14 (73.6%)

Arthralgia 3 (15.7%) 17 (89.4%)

Cardiac involvement
Pericardial effusion
 Coronary dilation
 Coronary aneurysm
 Coronary dilation and LV dysfunction
 PE and LV dysfunction 
 PE and LV dysfunction and coronary dilation
 PE and LV dysfunction and PH
Total

6 (31.57%)
1 (5.2%)
1 (5.2%)
1 (5.2%)
1 (5.2%)
1 (5.2%)
1 (5.2%)

12 (63.15%)

7 (36.84%)

PE: pericardial effusion; LV: left ventricle; PH: pulmonary hypertension.

treatment for the underlying disease when 
they developed MAS. In one case, the un-
derlying disease (SJIA) was under control 
and the drugs were discontinued. Due to 
hepatitis A infection, MAS developed in 
this case. In this study, all cases of Kawa-
saki were in the first presentation group.
The clinical manifestations of the patients 
are shown in Table II. Sixteen cases had 
fever. The fever in these patients was per-
sistent and high-grade. Three cases did not 
have fever. The MAS developed in 2 cases 
in the setting of PJIA. As demonstrated in 
this table, 10 cases had cardiac involve-
ment. Of these 12 cases, 4 cases with left 
ventricular (LV) dysfunction required in-
tensive care unit admission. Three of these 
4 cases died due to LV dysfunction.
The laboratory data of the patients in 3 
stages, before MAS attack, during MAS 
attack, and after MAS attack, are shown in 
Table III. The comparison of these data was 
illustrated in another article completely 
(13). The treatment of MAS cases is shown 
in Table IV. As shown in this table, all the 
cases received corticosteroid treatment. 
Cyclosporine was in the treatment regimen 
of 13 cases. Two cases showed resistance to 
treatment. These cases had persistent fever, 
respiratory and neurologic manifestations, 
and LV dysfunction. According to the 2004 
HLH treatment protocol, these cases un-
derwent treatment with dexamethasone, 
cyclosporine, and etoposide. For one of 
these 2 cases, a preliminary diagnosis of 
HLH was made. According to whole exon 
sequencing test, the diagnosis of Griscelli 
syndrome was confirmed.
Sixteen patients underwent bone marrow 
aspiration. In 5 cases, hemophagocytic 
macrophages were found in the aspiration. 
Six patients showed hypercellular marrow. 
The other cases had normal bone marrow 
aspiration.
The outcome of the patients included: 4 
recurrent cases, 2 resistant to treatment, 
and 3 deaths (including 2 recurrent cases). 
Thirteen cases showed complete improve-
ment after treatment.
The median age of the patients in the un-
derlying disease group was significantly 
higher than in the first presentation group 
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(10 range: 6.4-13.1 vs 4.5 range: 1.7-6.1 
years, p=0.003). The median fibrinogen 
value during MAS attack in the underly-
ing disease group (601, range: 227-1289 
mg/dL) was also significantly higher than 
in the first presentation group (174, range: 
130-315 mg/dL) (p=0.038). Other symp-
toms, signs, laboratory data, and outcome 
results were not significantly different be-
tween these 2 groups.
The platelet count during MAS attacks in 
the recurrent group (30,500 range: 12,750-

Table III - The median [interquartile range (IQR)] of laboratory data before, during and after MAS attack.

Parameter Before MAS MAS Attack After MAS

WBC (×103/uL) 13,900 (8,300-23,100) 4,250 (2,380-11,360) 12,240 (7,385-21,805)

PMN (×103/uL) 8,789 (4,853-15,436) 3,119 (1,667-13,727) 7,300 (4,616-19,100)

LYMPH (×103/uL) 3,394 (1,891-4,549) 1,344 (1,181-1,820) 2,219 (1,222-5,907)

Hgb (g/dL) 8.8 (8.3-10.5) 7.7 (6.8-8.8) 8.8 (7.8-9.9)

PLT (/microliter) 225,500 (157,500-429,250) 121,000 (46,000-139,000) 326,000 (218,000-380,000)

ESR (mm/h) 56 (40-100) 25.5 (14-42) 22 (17-59)

CRP (mg/L) 32 (16-59) 120 (60-214) 20 (6-40)

ALT (u/L) - 107 (45-204) -

AST (u/L) - 117 (41-498) -

ALP (u/L) - 316 (242-650) -

ALB (gr/dL) - 2.8 (2.5-3.3) -

Total protein (gr/dL) - 5.9 (4.7-7.2) -

Bil total (mg/ dL) - 2.9 (0.6-7.3) -

Bil direct (mg/ dL) - 1.4 (0.2-5.9) -

Ferritin (ng/mL) - 18,678 (8,000-113,000) -

Fibrinogen (mg/dL) 227 (160-402) -

LDH (Iu/L) - 2,037 (714-3,568) -

BUN (mg/dL) - 10.5 (9-28.7) -

Cr (mg/dL) - 0.5 (0.4-0.7) -

Na (meq/L) - 132 (128-134) -

TG (mg/dL) - 312 (199-438) -

Chol (mg/dL) - 174 (147-301) -

PT - 16.7 (13.8-20.3) -

PTT - 40 (36-51) -

INR - 1.69 (1.2-2.32) -

MMAS: Macrophage Activation Syndrome, WBC: white blood cells, PMN: polymorphonuclear, Lymph: lymphocytes, Hgb: hemo-
globin, PLT: platelet, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, ALT: alanine aminotransferase, AST: aspartate 
aminotransferase, ALP: alkaline phosphatase, ALB: albumin, Total Pr: total protein, Bil T: total bilirubin, Bil D: direct bilirubin, LDH: 
lactate dehydrogenase, BUN: blood urea nitrogen, Cr: creatinine, Na: natrium, TG: triglycerides, Chol: cholesterol, PT: prothrombin 
time, PTT: partial prothrombin time, and INR: international normalized ratio. 
The previous laboratory records: WBC1, PMN1, and so forth. 
The laboratory data at the onset of MAS (MAS group): WBC2, PMN2, and so forth.
The laboratory data 1 month after discharge from the hospital: WBC3, PMN3, and so forth.

Table IV - Treatment of MAS cases in this study.
Treatment N.
Methylprednisolone pulse 5

Methylprednisolone pulse + cyclosporine 5

Methylprednisolone pulse + cyclosporine  
+ IVIG 4

Methylprednisolone + IVIG + cyclosporine  
+ Infliximab 1

IVIG + Cyclophosphamide + prednisolone 3

HLH protocol 2004 1

Total 19
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65,500)/microliter) was significantly lower 
than in the non-recurrent group (135,000, 
range: (64,000-153,000)/microliter) 
(p=0.042). 
Other symptoms, signs, laboratory data, 
and outcome results were not significantly 
different between these 2 groups.

n	 DISCUSSION  
AND CONCLUSIONS

The present study evaluated the clinical and 
laboratory manifestations and outcomes of 
the MAS cases in the setting of SJIA, SLE, 
Kawasaki, PJIA. To our knowledge, in the 
other studies, the MAS in SJIA, SLE, and 
Kawasaki disease (15) were evaluated (11, 
14, 20). In this study, the clinical manifes-
tations, the serial changes of laboratory 
data, treatment, outcomes, the recurrent 
MAS patients and the MAS presentations 
as the first manifestations are recorded.
The male/female ratio in our study 
(57.9/42.1) was the reverse of that observed 
in other studies (21). This finding might be 
due to inclusion of MAS cases other than 
SJIA. In other SJIA studies, males and fe-
males showed equal proportions (22) and 
Kawasaki disease showed higher preva-
lence in males (23).
In our study, the recurrent cases were eval-
uated in a separate group. To our knowl-
edge, in other studies, the recurrent cases 
were not evaluated separately. 
Recurrent MAS could be due to gene vari-
ants in the cytolytic pathway (24, 25). Can-
na and colleagues reported NLRC4 gene in 
a case with recurrent attacks of MAS (26). 
The recurrent cases of MAS may be a sepa-
rate autoinflammatory disorder that shows 
periodic manifestations (27) or a genetic 
disorder in HLH could be linked to MAS 
in the cytolysis process (28). 
The evaluation of this concept requires fur-
ther studies. 
In our study, the median mean time between 
the beginning of the underlying disease and 
the beginning of the MAS attack was 24 
months. This interval was much lower (3.5 
months) in the Minoia et al. study (11). The 
cause of this finding might be the longer 
follow-up - about two and a half years - 

of the underlying disease. More cases of 
MAS with longer time intervals might be 
diagnosed, therefore. Furthermore, in our 
study, in 60% of the cases, MAS was the 
first presentation of the underlying disease. 
This percentage was 22% in the Minoia et 
al. study (11). In these cases, this interval 
was considered as zero. The main cause of 
this finding was that acute Kawasaki dis-
ease cases represented about 25% of our 
MAS patients.
The main feature of the fever in MAS is its 
persistent, not spiky, nature. In our study, 
2 cases did not have fever. Both cases had 
had PJIA for several years and received 
anti-TNF drugs. These drugs might be 
the cause for the absence of fever in these 
cases. One of the cytokines responsible for 
inducing fever is TNF-α (29). Suppression 
of this cytokine might reduce the fever. In 
addition, anti-TNF drugs were proposed in 
some studies as triggering factors in MAS 
(30, 31). The evaluation of this concept re-
quires further studies.
In our study, cardiac involvement occurred 
more than in other studies of MAS cases 
(Table II) (11, 32). Similarly to other stud-
ies, in the cases with cardiac involvement, 
pericardial effusion was the most common 
finding. 
The second common finding in these cas-
es was LV dysfunction, probably due to 
inclusion of Kawasaki cases. In the previ-
ous studies, infiltration of the phagocytes 
in the myocardium was proposed as a 
cause of LV dysfunction in MAS (33). In 
addition, the cause of death in all 3 cases 
in our study was LV dysfunction. No renal 
involvement was found in our cases. This 
finding is in contrast with other studies of 
MAS that showed the worst prognosis in 
the cases with renal involvement (34). On 
the other hand, the systemic scores proved 
to have significant role in the prognostic 
factors, while renal involvements were 
not included (35). Better evaluation of the 
prognostic factors requires further studies.
In this study, all the cases received corti-
costeroid treatment. Corticosteroids are 
the first line of treatment in MAS cases 
(20, 36). Some of the cases improved with 
corticosteroid alone. In the cases with se-
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vere symptoms and signs of decreased 
consciousness, cyclosporine was added to 
the steroid at the beginning. Cyclosporine 
is the most important treatment after ster-
oids for MAS (36, 38). If response to the 
treatment was inadequate, the treatment 
was continued according to the 2004 HLH 
protocol (19). In the MAS cases associ-
ated with infection or Kawasaki disease, 
IVIG, with its immunoregulatory features, 
is an appropriate treatment (39, 40). In the 
resistant MAS in SLE cases, cyclophos-
phamide can be used in combination with 
steroid (41).
In bone marrow aspiration, as in 5 cases in 
our study, observation of hemophagocytes 
can confirm the diagnosis in suspicious 
cases. In some of the MAS cases, as in 6 
cases in our study, the bone marrow may 
be hypercellular, without any hemophago-
cyte. In the bone marrow, hypercellularity 
with normal megakaryocytes demonstrates 
that the cytopenia is not due to inadequate 
production, but is due to increased cellular 
destruction by phagocytes in the inflamma-
tory locations (42).
The median age of the patients in the un-
derlying disease group was significantly 
higher than in the first presentation group. 
As noted, all cases of Kawasaki were in the 
first presentation group. At presentation, 
the Kawasaki cases generally are younger 
than those with with other diseases (22, 43, 
44). This could explain the lower median 
age in the first presentation group.
The laboratory findings of the MAS cases 
were fully discussed in our previous article 
(13). The laboratory findings in this study 
were in accordance with our previous study 

(13) and that of Ravelli et al. (14). The me-
dian fibrinogen value during an MAS at-
tack in the underlying disease group was 
significantly higher than in the first presen-
tation group. Fibrinogen value is a marker 
of inflammation. These higher values might 
be due to more severe and chronic inflam-
mation and resultant higher fibrinogen in 
the underlying disease group (45). In the 
flare up of the underlying disease, when the 
fibrinogen level decreases from high level 
to normal level, MAS should therefore be 
considered (10-13). 

In addition, the platelet count during 
MAS attack in the recurrent group was 
significantly lower than in the non-re-
current group. As noted, recurrent MAS 
may be an auto-inflammatory disorder. 
In auto-inflammatory disorders, throm-
bocytopenia may occur due to the role 
of platelets in innate immunity (46). On 
the other hand, hypercellularity and nor-
mal megakaryocytes in the bone marrow 
of MAS patients, determine consumption 
of leukocytes, erythrocytes, and platelets 
in the inflammatory site as well as phago-
cytic destruction (47, 48). Organomegaly 
was detected in all patients with recurrent 
MAS. This can explain the lower median 
platelet count in this group. 
The limitations of our study were low sam-
ple size, absence of cellular and molecular 
(sIL2Rα, s CD163 and genetic evaluation) 
diagnosis for MAS, and poor availability of 
biologic drugs for MAS treatment. In the 
years that our study was progressing, fur-
ther research on the immunopathogenesis 
of MAS took place and new advances oc-
curred in MAS treatment (49, 50). These 
may lead to new therapeutic targets and 
improve the outcomes (51). Due to poor 
availability of biologic drugs in our coun-
try, these drugs were less widely used in 
the treatment of underlying rheumatologic 
diseases and MAS.
In conclusion, in rheumatologic disorder 
cases with pancytopenia, hyperferritine-
mia, and increased serum transaminases, 
MAS should be considered. The higher 
median fibrinogen in MAS in the underly-
ing disease group revealed that a decreas-
ing level of fibrinogen in chronic disease is 
more significant than a single cut off value. 
Indeed, the lower platelet count in the re-
current MAS group may reveal greater 
platelet consumption due to organomegaly 
in this group. Early diagnosis and treat-
ment may save the patients’ lives.

List of abbreviations 
MAS: Macrophage activation syndrome
SJIA: systemic juvenile idiopathic arthritis 
SLE: systemic lupus erythematosus
PJIA: poly-articular juvenile idiopathic ar-
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HLH: hemophagocytic lymphohistiocytosis
WBC: white blood cells
PMN: polymorphonuclear
ESR: erythrocyte sedimentation rate 
CRP: C-reactive protein
ALT: alanine aminotransferase
AST: aspartate aminotransferase
LDH: lactate dehydrogenase
PT: prothrombin time
PTT: partial thromboplastin time
INR: international normalized ratio
LV: left ventricular
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