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An International Consensus Survey of Diagnostic
Criteria for Macrophage Activation Syndrome in
Systemic Juvenile Idiopathic Arthritis
SERGIO DAVÌ, ALESSANDRO CONSOLARO, DINARA GUSEINOVA, ANGELA PISTORIO, NICOLINO RUPERTO,
ALBERTO MARTINI, RANDY Q. CRON, and ANGELO RAVELLI

ABSTRACT. Objective. To identify candidate diagnostic criteria for macrophage activation syndrome (MAS)
complicating systemic juvenile idiopathic arthritis (sJIA) using international consensus formation
through a Delphi questionnaire survey.
Methods.A questionnaire listing 28 clinical, laboratory, and histopathologic features of MAS elicit-
ed by literature review was sent to 505 pediatric rheumatologists worldwide. Respondents were
asked to select the 10 features that they felt were most important and useful in the diagnosis of MAS,
and to order the 10 selected features by assigning the number 10 to the most important, and ending
with 1 as the least important.
Results. The response rate was 46% (232 physicians from 47 countries). The items selected by more
than 50% of respondents were, in order of frequency, falling platelet count, hyperferritinemia, evi-
dence of macrophage hemophagocytosis in the bone marrow, increased liver enzymes, falling leuko-
cyte count, persistent continuous fever ≥ 38°C, falling erythrocyte sedimentation rate, hypofibrino-
genemia, and hypertriglyceridemia.
Conclusion. Our process led to identification of features that were felt to be most important as can-
didate diagnostic criteria for MAS by a large sample of international pediatric rheumatologists. 
(First Release Feb 1 2011; J Rheumatol 2011;38:764–8; doi:10.3899/jrheum.100996)
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Macrophage activation syndrome (MAS) is a serious, poten-
tially life-threatening complication of childhood rheumatic
diseases, which occurs much more commonly in systemic
juvenile idiopathic arthritis (sJIA)1,2,3,4,5. Because MAS can
pursue a rapidly fatal course, prompt recognition of its clin-
ical and laboratory features and immediate therapeutic inter-
vention are imperative. However, diagnosis of MAS can be
difficult and hard to distinguish from sepsis-like syndromes,
although it may also be associated with sepsis, especially in
cases of intraphagocytic pathogen infections. In addition,

the recognition of subclinical forms of MAS in sJIA6,7

underscores the importance of establishing criteria sensitive
enough to distinguish MAS from routine disease flare.

Although MAS bears a close resemblance to hemo-
phagocytic lymphohistiocytosis (HLH), HLH criteria devel-
oped primarily for genetic disorders leading to hemophago-
cytosis8 are not necessarily useful in defining/identifying
MAS in sJIA. The main shortcoming of HLH criteria in
MAS is that certain criteria may not apply to patients with
sJIA. Due to the prominent inflammatory expression of the
latter disease, the occurrence of a relative decrease in white
blood cell count, platelets, or fibrinogen rather than the
absolute decrease required by the HLH criteria may be more
relevant in making an early diagnosis. Further, the minimum
threshold level for hyperferritinemia required for the diag-
nosis of HLH (500 µg/l) is not suitable to detect MAS. It is
well known that many patients with active sJIA, in the
absence of MAS, have ferritin levels above that threshold9.
In the acute phase of MAS, the ferritin level generally peaks
to more than 5000 µg/l. Thus, use of a 500 µg/l threshold
may not help to discriminate MAS from a flare of sJIA.

Other HLH criteria that are not readily applicable to
MAS are the demonstration of low or absent natural killer
cell activity or soluble interleukin 2 (IL-2) receptor α above
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normal limits for age, as these tests are not routinely per-
formed in pediatric rheumatology settings. We recently
found that the diagnostic guidelines for HLH were highly
specific in our patients with sJIA-associated MAS but
lacked sensitivity10. Preliminary diagnostic guidelines for
MAS in sJIA have been proposed11. However, that study has
several limitations, including the lack of several laboratory
measurements in a number of patients and insufficient data
for some of the laboratory measures evaluated. Moreover,
these criteria have yet to be validated.

In recent years, an international working group of pedi-
atric rheumatologists with specific interest in MAS was
established. One of the leading aims of the group was the
development of a robust set of criteria for MAS complicat-
ing sJIA, based on expert consensus and analysis of a large
sample of MAS and control patients. We present the results
of the first step of the project, whose specific aim was to
identify candidate items using international consensus for-
mation through the Delphi survey technique.

MATERIALS AND METHODS

Questionnaire survey. A Delphi questionnaire12 compiled by a clinician
(AR) and a statistician (AP) and revised and approved by the members of
the MAS working group was circulated by e-mail to all center directors of
the Pediatric Rheumatology International Trials Organization (PRINTO)
and to all members of the Pediatric Rheumatology Collaborative Study
Group (PRCSG), and the Childhood Arthritis and Rheumatology Research
Alliance (CARRA). Not all organizations were represented equally, as
many respondents belonged to more than one of these networks. A total of
505 pediatric rheumatologists worldwide were sent the survey. A reminder
e-mail was sent after 6 weeks to all investigators who had not replied to the
first e-mail. A further reminder e-mail was sent 6 weeks later to all investi-
gators who had not replied to the second e-mail.

The questionnaire listed 28 clinical, laboratory, and histopathologic fea-
tures thought most likely to be helpful and relevant in the diagnosis of MAS
complicating sJIA, identified through literature review (Table 1).
Respondents were first asked to select the 10 features that in their opinion
were most important and useful in the diagnosis of MAS in sJIA. Second,
they were asked to rank-order the 10 selected features by assigning the
number 10 to the most important one, and end with 1 as the least important.
They were instructed to use each rank only once, even though they could
feel some features were equally important (i.e., no ties were allowed). At
the end of the questionnaire, respondents were asked to add any feature that
was considered relevant by them and was missing from the list.
Importantly, no threshold level was provided for laboratory features, as the
optimal diagnostic level is meant to be calculated in the second phase of the
project, through analysis of data from patients with MAS and control
patients.

Statistics. Comparison of percentage frequencies among groups was per-
formed by means of the chi-square test, or the Fisher exact test in case of
expected frequencies less than 5. Bonferroni adjustment was applied as a
correction for multiple comparisons to explore post-hoc differences
between pairs of patient groups. All statistical tests were 2-sided; a p value
< 0.05 was considered statistically significant. The statistical package used
for analyses was Statistica (StatSoft Corp., Tulsa, OK, USA).

RESULTS

Of the 505 pediatric rheumatologists who were sent the
Delphi questionnaire, 232 (45.9%) from 47 countries pro-
vided feedback. Ninety-two respondents practiced in

Europe, 90 in North America, and 50 in other continents (28
Latin America, 16 Asia, 3 Africa, and 3 in Oceania). There
was more than one participant in less than 5% of the centers.

The frequency of selection of the 28 MAS features by
questionnaire respondents is shown in Table 1, including the
median and mean ranks. The percentage of respondents
attributing high rank to each feature is shown in the last 2
columns. The items selected by more than 50% of respon-
dents (9 in total) were, in order of frequency: falling platelet
count, hyperferritinemia, evidence of macrophage hemo-
phagocytosis in the bone marrow, increased liver enzymes,
falling leukocyte count, persistent continuous fever ≥ 38°C,
falling erythrocyte sedimentation rate (ESR), hypofibrino-
genemia, and hypertriglyceridemia. Similarly, the items that
achieved a median rank > 5 were, in order of median, evi-
dence of macrophage hemophagocytosis in the bone mar-
row, hyperferritinemia, persistent continuous fever ≥ 38°C,
falling platelet count, falling ESR, increased lactic dehydro-
genase, hypofibrinogenemia, and increased soluble IL-2
receptor α. 

Table 2 compares the frequencies of feature selection
among respondents from centers in Europe, North America,
and other continents. Overall, it appeared that North
American physicians ascribed less importance to clinical
manifestations [namely, persistent continuous fever ≥ 38°C,
central nervous system (CNS) dysfunction, hemorrhagic
manifestations, and liver enlargement] than did physicians
from Europe or elsewhere. Physicians from other continents
less frequently selected hyperferritinemia than did physi-
cians from Europe or North America, whereas hypertriglyc-
eridemia was selected most frequently by European physi-
cians. European physicians also less commonly selected
falling ESR, prolongation of clotting times, and increased
D-dimer than did physicians from North America or other
continents. Increased liver enzymes, increased soluble IL-2
receptor α, and increased soluble CD163 were indicated
more frequently by North American physicians than by
physicians from Europe or other continents.

Very few of the respondents added features not included
in the list, which suggests that most participants agreed that
the items listed in the survey were the most important diag-
nostic manifestations of MAS.

DISCUSSION

Using a consensus formation process that involved a large
number of pediatric rheumatologists worldwide, we deter-
mined the relative diagnostic importance of 28 clinical, lab-
oratory, and histopathologic features of sJIA-associated
MAS. Of these 28 features, the following 9 were selected by
more than 50% of respondents and were most frequently
given the highest ranks: falling platelet count, hyperfer-
ritinemia, evidence of macrophage hemophagocytosis in the
bone marrow, increased liver enzymes, falling leukocyte
count, persistent continuous fever ≥ 38°C, falling ESR,
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hypofibrinogenemia, and hypertriglyceridemia. These fea-
tures consistently remained the 9 most frequently selected
and most highly scored when respondents were stratified by
continent. This makes it unlikely that differences of opinion
between physicians from different countries will alter the
validation process. The top 9 features identified in this phase
of the project may be the best candidates to be part of the
final set of diagnostic criteria for the syndrome.

Importantly, 7 of the 9 features rated as most important
by respondents refer to laboratory abnormalities, whereas
only 1 is a clinical manifestation. This is in keeping with the
common view that early suspicion of MAS is most com-
monly raised by the detection of subtle laboratory changes,
whereas clinical symptoms are often delayed11. Of the 8 cri-
teria that are part of the preliminary guidelines for
sJIA-associated MAS11, only 5 (decreased platelet count,
elevated liver enzymes, falling leukocyte count, hypofib-
rinogenemia, and evidence of macrophage hemophagocyto-
sis in the bone marrow) entered the top 9 features, whereas
all 3 clinical criteria (CNS dysfunction, hemorrhagic mani-
festations, and liver enlargement) did not. Considering the
HLH diagnostic criteria8, only 5 (fever, cytopenia, hyper-
triglyceridemia and/or hypofibrinogenemia, evidence of
macrophage hemophagocytosis in the bone marrow, and

hyperferritinemia) entered the top 9 features, whereas 3
[splenomegaly, low or absent natural killer cell activity, and
increased soluble IL-2 receptor α (CD25)] did not. This
observation suggests that both these guidelines may not be
entirely adequate for the diagnosis of MAS complicating
sJIA, particularly earlier in the course of the syndrome.
Along these lines, late findings such as renal failure, respi-
ratory failure, and cardiac failure received some of the low-
est median rankings (Table 1).

Although, as stated above, pediatric rheumatologists
from different continents revealed a fair agreement about
the greater importance of the 9 top features, there were some
differences in the frequency of feature selection. This sug-
gests the existence of disparities in the awareness of the fea-
tures of MAS or in the diagnostic approach to the syndrome,
which highlights the utility of well established diagnostic
guidelines.

As MAS is becoming better studied and defined, novel
associations and tests are being used more readily to diag-
nose and monitor MAS. It has been recently suggested that
soluble IL-2 receptor α (sCD25), reflective of T cell activa-
tion, and soluble CD163 (sCD163), related to activation of
phagocytic macrophages/histiocytes, might be useful as
diagnostic markers of MAS and helpful in monitoring dis-

Table 1. Frequency of selection of the 28 MAS features by the 232 questionnaire respondents. median and mean ranks of features, and percentage of respon-
dents attributing high rank to each feature.

Feature No. (%) Respondents Median Mean Respondents Giving Respondents Giving
Who Selected the Feature Rank (SD) Rank Rank 8-10 to Feature, % Rank 5-10 to Feature, %

Falling platelet count 201 (86.6) 6.5 6.1 (2.3) 24.6 61.6
Hyperferritinemia 194 (83.6) 7 6.5 (3.0) 39.2 53.9
Bone marrow hemophagocytosis 188 (81.0) 9 6.9 (3.6) 44.8 55.2
Increased liver enzymes 174 (75) 5 5.0 (2.4) 13 40.9
Falling leukocyte count 172 (74.1) 5 5.6 (2.5) 20.3 46
Persistent continuous fever ≥ 38°C 158 (68.1) 7 6.0 (3.4) 30.2 40.1
Falling erythrocyte sedimentation rate 142 (61.2) 6 5.5 (2.7) 15.9 38.8
Hypofibrinogenemia 142 (61.2) 5 5.4 (2.4) 12.9 36.6
Hypertriglyceridemia 135 (58.2) 5 5.1 (2.7) 16.8 31
Central nervous system dysfunction 104 (44.8) 5 5.0 (2.9) 11.6 23.7
Falling hemoglobin level 100 (43.1) 5 4.8 (2.3) 4.3 23.3
Prolongation of clothing times 81 (34.9) 4.5 4.5 (2.3) 4.7 17.2
Increased D-dimer 76 (32.8) 5 5 (2.6) 7.3 19.4
Hemorragic manifestations 72 (31.0) 5 5.3 (3.0) 10 17.7
Liver enlargement 71 (30.6) 4 4.8 (2.8) 7.3 14.2
Spleen enlargement 57 (24.6) 4 4.5 (2.8) 4.3 10.3
Increased lactic dehydrogenase 45 (19.4) 6 5.5 (2.6) 4.7 11.6
Increased soluble IL-2 receptor α 39 (16.8) 6 5.1 (3.1) 4.7 9.1
Increased soluble CD163 27 (11.6) 5 5.2 (3.0) 4.3 6
Lymphadenopathy 22 (9.5) 4 4.4 (2.9) 1.3 3.4
Decreased albumin 19 (8.2) 3 4.3 (2.9) 1.3 2.6
Hyponatremia 16 (6.9) 5 5 (3.2) 1.7 3.9
Arthritis improvement 14 (6.0) 2 3.1 (2.4) 0.9 0.9
Renal failure 13 (5.6) 2.5 3.6 (2.9) 0.9 1.7
Jaundice 9 (3.9) 5 5.9 (3.3) 1.7 2.2
Increased bilirubin 9 (3.9) 2 3.4 (2.0) 0 1.7
Respiratory failure 6 (2.6) 3 4.4 (3.0) 0.4 0.9
Cardiac failure 5 (2.2) 3 3.8 (2.6) 0 0.9
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ease activity and response to treatment6,7. These parameters
may also help identify patients with sJIA with subclinical
MAS7. However, more information is needed to ascertain
whether their inclusion adds significantly to the use of the
more traditional laboratory indicators of MAS. Notably, as
these tests are often costly, they may not be available (or
affordable) in many pediatric rheumatology centers, partic-
ularly in developing countries. In addition, if these ELISA
tests for sCD25 and sCD163 are not ordered frequently in a
particular hospital setting, they may not be run in a timely
fashion to aid in early diagnosis of MAS.

We intentionally did not ask questionnaire respondents to
indicate the threshold level for each laboratory test that they
felt was optimal for early identification of MAS. This objec-
tive will be pursued in the subsequent phase of the project,
which is under way to collect real data from patients with

sJIA-associated MAS and patients with conditions that may
be confused with MAS, including sJIA flare without MAS
and febrile systemic infections. This process is also meant to
enable a data-driven assessment of the relative sensitivity
and specificity of clinical, laboratory, and histopathologic
features in discriminating MAS from the conditions with
which it may be confused. Notably, the data collection is
structured in such a way that it may lead to understanding
whether laboratory criteria for the syndrome are more wor-
thy of being assessed in terms of absolute threshold values,
or percentage change over the preceding days, or both.
Ultimately, we hope to develop a (sJIA) disease-specific
core set of criteria for diagnosis of MAS that is both highly
sensitive and specific.

This study should be viewed in light of some potential
limitations. The rate of response to our questionnaire survey

Table 2. Comparison of percentage of respondents who selected each feature by continent.

Feature Europe, North America, Other Continents, p Comparisons Significant
N = 92 N = 90 N = 50 on post-hoc Test*

Falling platelet count 81.5 92.2 86 0.1
Hyperferritinemia 88 91.1 62 0.0002 EU vs OC

NA vs OC
Increased liver enzymes 69.6 86.7 64 0.004 EU vs NA

NA vs OC
Falling white blood cell count 70.7 82.2 66 0.07
Bone marrow hemophagocytosis 79.3 81.1 84 0.8
Persistent continuous fever ≥ 38° C 73.9 56.7 78 0.01 EU vs NA

NA vs OC
Falling erythrocyte sedimentation rate 50 67.8 70 0.02 EU vs NA
Hypofibrinogenemia 63 64.4 52 0.3
Hypertriglyceridemia 69.6 50 52 0.02 EU vs NA
Central nervous system dysfunction 53.3 32.2 52 0.009 EU vs NA

NA vs OC
Falling hemoglobin level 34.8 47.8 50 0.1
Prolongation of clotting times 20.7 44.4 44 0.001 EU vs NA

EU vs OC
Increased D-dimer 18.5 48.9 30 0.0006 EU vs NA
Hemorrhagic manifestations 33.7 22.2 42 0.04 NA vs OC
Liver enlargement 41.3 15.6 38 0.0004 EU vs NA

NA vs OC
Spleen enlargement 27.2 16.7 34 0.06
Increased lactic dehydrogenase 26.1 17.8 10 0.06
Increased soluble IL-2 receptor α 10.9 30 4 < 0.0001 EU vs NA

NA vs OC
Increased soluble CD163 3.3 21.1 10 0.0008 EU vs NA
Generalized lymphadenopathy 14.1 3.3 12 0.03 EU vs NA
Decreased albumin 8.7 6.7 10 0.8
Hyponatremia 15.2 2.2 0 < 0.0001 EU vs NA

EU vs OC
Arthritis improvement 9.8 2.2 6 0.1
Renal failure 4.3 5.6 8 0.7
Increased bilirubin 4.3 2.2 6 0.5
Jaundice 4.3 1.1 8 0.1
Respiratory failure 3.3 2.2 2 0.9
Cardiac failure 3.3 0 4 0.2

* Pairs of comparisons that were statistically significant after Bonferroni correction for multiple comparisons. EU: Europe; NA: North America; OC: other
continents.
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(45.9%) is in the low range of that obtained in similar ini-
tiatives performed previously in pediatric rheumatology,
which varies from 49.8% to 80%13,14,15,16,17,18,19,20.
However, previous surveys involved a much lower number
of practitioners, up to 277. We mailed the survey to as many
as 505 pediatric rheumatologists, who are currently part of
the 3 largest international pediatric rheumatology research
networks. Nevertheless, the relatively low response rate was
expected, as MAS is a rare condition, likely to have been
encountered or recognized only by physicians working in
the largest tertiary care hospitals. However, since the num-
ber of respondents to our survey is the highest achieved so
far in pediatric rheumatology, we feel that respondents were
representative of pediatric rheumatologists internationally.

We identified the features of MAS that were felt to be the
best potential diagnostic criteria for the syndrome in chil-
dren with sJIA by a large sample of international pediatric
rheumatologists. The diagnostic performance of these items
will be scrutinized further in the next phase of the study,
through analysis of real patient data. 

ACKNOWLEDGMENT

The authors thank the steering committees of PRINTO, CARRA, and
PRSCG, for allowing participation of members of their network in the
 survey.

APPENDIX

List of study collaborators: MAS Study Group: Physician
members who contributed in study planning and revised the
format of the Delphi questionnaire: Edward M. Behrens
(Philadelphia, USA), Susan Benseler (Toronto, Canada),
Alexei A. Grom (Cincinnati, USA), Maria Martha Katsicas
(Buenos Aires, Argentina), Bianca Lang (Halifax, Canada),
Paivi Miettunen (Calgary, Canada), Seza Ozen (Ankara,
Turkey), Athimalaipet Ramanan (Bristol, UK), Ricardo
Russo (Buenos Aires, Argentina), Rayfel Schneider
(Toronto, Canada), Gary Sterba (Caracas, Venezuela), and
Carine Wouters (Leuven, Belgium).

REFERENCES

1. Ravelli A, Martini A. Macrophage activation syndrome. In: Lehman
TH, Cimaz R, editors. Pediatric rheumatology. Amsterdam:
Elsevier; 2008:55-63.

2. Prieur A-M, Stéphan JL. Macrophage activation syndrome in 
children with joint diseases. Rev Rheum Engl Ed 1994;61:385-8.

3. Grom AA, Passo M. Macrophage activation syndrome in systemic
juvenile rheumatoid arthritis. J Pediatr 1996;129:630-2.

4. Sawhney S, Woo P, Murray KJ. Macrophage activation syndrome: a
potentially fatal complication of rheumatic disorders. Arch Dis
Child 2001;85:421-6.

5. Grom AA, Mellins ED. Macrophage activation syndrome: advances
towards understanding pathogenesis. Curr Opin Rheumatol
2010;22:561-6.

6. Behrens EM, Beukelman T, Paessler M, Cron RQ. Occult
macrophage activation syndrome in patients with systemic juvenile
idiopathic arthritis. J Rheumatol 2007;34:1133-8.

7. Bleesing J, Prada A, Siegel DM, Villanueva J, Olson J, Ilowite NT,
et al. The diagnostic significance of soluble CD163 and soluble
interleukin-2 receptor alpha-chain in macrophage activation 
syndrome and untreated new-onset systemic juvenile idiopathic
arthritis. Arthritis Rheum 2007;56:965-71.

8. Henter JI, Horne A, Aricó M, Egeler RM, Filipovich AH, Imashuku
S, et al. HLH-2004: Diagnostic and therapeutic guidelines for
hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer
2007;48:124-31.

9. Pelkonen P, Swanljung K, Siimes MA. Ferritinemia as an indicator
of systemic disease activity in children with systemic juvenile
rheumatoid arthritis. Acta Paediatr Scand 1986;75:64-8. 

10. Palmisani E, Guseinova D, Davì S, Dalprà S, Visconti C, Lattanzi
B, et al. Sensitivity and specificity of diagnostic guidelines for
macrophage activation syndrome (MAS) or hemophagocytic 
lymphohistiocytosis in children with systemic JIA-associated MAS
[abstract]. Proceedings of the the 17th Pediatric Rheumatology
European Society Congress, Valencia, Spain, 9-12 September
2010:260-92.

11. Ravelli A, Magni-Manzoni S, Pistorio A, Besana C, Foti T, Ruperto
N, et al. Preliminary diagnostic guidelines for macrophage 
activation syndrome complicating systemic juvenile idiopathic
arthritis. J Pediatr 2005;146:598-604.

12. Delbecq AL, van de Ven AH, Gustafson DH. Group techniques for
program planning. A guide to nominal group and Delphi processes.
Glenview, IL: Scott, Foresman and Company; 1975.

13. Giannini EH, Ruperto N, Ravelli A, Lovell DJ, Felson DT, Martini
A. Preliminary definition of improvement in juvenile arthritis.
Arthritis Rheum 1997;40:1202-9.

14. Ruperto N, Ravelli A, Murray KJ, Lovell DJ, Andersson-Gare B,
Feldman BM, et al. Preliminary core sets of measures for disease
activity and damage assessment in juvenile systemic lupus 
erythematosus and juvenile dermatomyositis. Rheumatology
2003;42:1452-9.

15. Wallace CA, Ruperto N, Giannini E. Preliminary criteria for 
clinical remission for select categories of juvenile idiopathic 
arthritis. J Rheumatol 2004;31:2290-4.

16. Ramanan AV, Schneider R, Batthish M, Achonu C, Ota S,
McLimont M, et al. Developing a disease activity tool for 
systemic-onset juvenile idiopathic arthritis by international 
consensus using the Delphi approach. Rheumatology
2005;44:1574-8.

17. Brown VE, Pilkington CA, Feldman BM, Davidson JE. An 
international consensus survey of the diagnostic criteria for juvenile
dermatomyositis (JDM). Rheumatology 2006;45:990-3.

18. Zulian F, Woo P, Athreya BH, Laxer RM, Medsger TA Jr, Lehman
TJ, et al. The Pediatric Rheumatology European Society/American
College of Rheumatology/European League against Rheumatism
provisional classification criteria for juvenile systemic sclerosis.
Arthritis Rheum 2007;57:203-12.

19. Brunner HI, Klein-Gitelman MS, Higgins GC, Lapidus SK, Levy
DM, Eberhard A, et al. Toward the development of criteria for
global flares in juvenile systemic lupus erythematosus. Arthritis
Care Res 2010;62:811-20.

20. Ruperto N, Meiorin S, Iusan SM, Ravelli A, Pistorio A, Martini A.
Consensus procedures and their role in pediatric rheumatology.
Curr Rheumatol Rep 2008;10:142-6.


