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Macrophage activation syndrome in
systemic juvenile rhneumatoid arthritis

The macrophage activation syndrome, a clinical syndrome
caused by the excessive activation and proliferation of well-
differentiated macrophages, is associated with a heteroge-
neous group of conditions including infectious, neoplastic,
and rheumatologic diseases. In this issue of The Journal of
Pediatrics, Mouy et al.! discuss a novel concept of thera-
peutic intervention when this syndrome is manifested as a
complication of systemic juvenile rheumatoid arthritis. In the
original description of this condition, Risdall et al.? in
1979, noted that macrophage activation was secondary to an
immune dysregulation induced in response to viral infec-
tions in an immunocompromised host. Clinically, MAS
has similarities with other conditions, such as the accel-
erated phase of Chédiak-Higashi syndrome and familial he-
matophagocytic lymphohistiocytosis.> 4 The cause of these
mixed lymphohistiocytic inflammatory diseases is poorly
understcod. However, the increase in the levels of both T-
cell-derived and macrophage-derived cytokines, particu-
larly tumor necrosis factor alpha and interferon gamma (ini-
tially known as macrophage-activating factor) is of particu-
lar interest.*
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The clinical findings in MAS are dramatic. Typically, pa-
tients with a chronic condition are acutely ill at presentation
with persistent fever. lymphadenopathy, hepatosplenome-
galy, profound depression of all three blood cell lines
(low leukocyte, erythrocyte, and platelet counts), low eryth-
rocyte sedimentation rate, and elevated serum liver enzyme
values. These patients also have prolonged prothrombin and
partial thromboplastin times, hypofibrinogenemia, and low
levels of vitamin K—dependent clotting factors; in addition,
they often have easy bruising and mucosal bleeding when
first seen. Fibrin degradation products may be present as
well. The pathognomonic features of this syndrome are

See related article, p. 750.

ESR  Erythrocyte sedimentation rate
JRA Juvenile rheumnatoid arthritis
MAS  Macrophage activation syndrome

found on bone marrow aspiration: numerous, well-dif-
ferentiated macrophages (or histiocytes) actively phago-
cytosing hematopoetic elements. Such cells may be found
in various organs and may account for many of the systemic
features. For this reason the term reactive hematophago-
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cytic lymphohistiocytosis has been used to classify this con-
dition.

More recently, hematophagocytic lymphohistiocytosis
has been associated with systemic JRA.®® In 1985 a few re-
ports from various countries described a number of patients
with long-standing systemic JRA who at presentation had
persistent fever, mental status changes, hepatosplenomegaly,
increased serum levels of liver enzymes, and a sharp fall in
blood cell counts and ESR in association with hypofibrino-
genemia, prolonged prothrombin time, and easy bleeding.
In most of these instances, bone marrow aspiration revealed
the presence of hematophagocytic histiocytes. The acute
deterioration in the patients was preceded by either a viral
infection or major changes in therapy, usually administra-
tion of gold preparations or nonsteroidal antiinflammatory
drugs.’

The coagulation abnormality seen in these patients ap-
pears to represent a spectrum of clinical problems. Silverman
et al. described seven patients with hematologic abnormal-
ities similar to those observed in MAS. The clinical findings
at that time were interpreted as ‘‘consumption coagulopa-
thy,”” although no clinical signs of thrombosis were reported
in the patients described. It was suggested that intravascular
coagulation might result from decreased production of anti-
aggregative prostaglandin I, (prostacyclin) by endothelial
cells and that such a decrease might be induced by nonste-
roidal antiinflammatory drugs routinely used in the treatment
of JRA.

In contrast, Scott et al.!® observed two patients with sys-
temic JRA who had clinical signs of disseminated intra-
vascular coagulation. One patient had fulminant purpura,
which resulted in peripheral gangrene. The clinical findings
in these two patients were explained by activation of the
coagulation system. Scott et al., in their study of a large
group of patients with JRA, showed that activation of
intravascular coagulation was common in systemic JRA
as evidenced by high levels of fibrinopeptide A, a sensi-
tive measure of intravascular thrombus generation. The au-
thors attributed the abnormalities to damage to endothelial
cells associated with the vasculitic component of systemic
JRA.

Pouchot et al.,'! in a review of 62 cases of adult-onset Still
disease (a disease identical to systemic JRA in patients >16
years of age), noted two patients with evidence of an acute
hemorrhagic diathesis caused by disseminated intravascular
coagulation.

Most of the described clinical findings, including pancy-
topenia with phagocytosis of bone marrow~derived elements
and liver abnormalities, could be explained by the presence
of histiocytic infiltrates. However, these histiocytic infil-
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trates do not account for the entire spectrum of coagula-
tion abnormalities, some of which may be related, at least
in part, to liver dysfunction induced by macrophages
infiltrating the liver parenchyma and secreting proin-
flammatory cytokines.* This would lead to a decreased
production of fibrinogen and vitamin K~dependent clotting
factors and would increase the risk of bleeding. In addi-
tion, Prieur and Stephan® suggested that activated macro-
phages release proteases that activate plasminogen, which
leads to the formation of plasmin; this could account for
the appearance of fibrin degradation products in the sys-
temic circulation.

Smith et al.,'? in a description of skin biopsy specimens
obtained from 10 patients with cutaneous manifestations of
hematophagocytic syndrome, noted the presence of micro-
thrombi and endothelial proliferation in almost half of the
patients. A possible explanation for the phenomenon is that
a functionally impaired liver may have a decreased ability to
degrade procoagulant factors. In addition, activated macro-
phages release tumor necrosis factor, which, when present in
excessive amounts, is capable of inducing intravascular co-
agulation.’ However, the magnitude of thrombotic events in
some patients'® implies that other mechanisms may be
involved. The damage to endothelial cells caused by vascu-
litis may induce disseminated intravascular coagulation with
subsequent development of consumption coagulopathy,
which suggests a mechanism different from that in a ‘‘pure
hematophagocytic syndrome.”” In summary, the coagulation
abnormalities that may develop acutely in patients with sys-
temic JRA reflect heterogeneous, underlying pathogenic
mechanisms. There appears to be an overlap between two
syndromes: one induced by activation of macrophages and
the other caused by intravascular coagulation triggered by
vasculitis.

MAS is a serious complication of systemic JRA associated
with considerable morbidity and death. Therefore the early
recognition of this syndrome and immediate therapeutic in-
tervention to produce a rapid clinical response are critical.
MAS can be clinically differentiated from a typical exacer-
bation of systemic JRA by several features that are apparent
early in the course of this syndrome. Patients with an exac-
erbation of systemic JRA usually have a spiking daily (quo-
tidian) or twice-daily (double quotidian) fever, evanescent
rash, generalized lymphadenopathy, and hepatosplenomeg-
aly. Symptoms of polyserositis and arthritis may also be
present. A marked polymorphonuclear leukocytosis, throm-
bocytosis, and increased ESR with hyperfibrinogenemia are
common features that retlect the activity of inflammation.
Mild elevation of liver enzyme activity is also common. In
contrast. persistent unremitting fever (which is different
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from the quotidian fever of systemic JRA), mental status
changes. and moderately elevated liver enzyme activity
(ncc;;sionnlly seen with hyperbilirubinemia), accompanied
by a sharp fall in ESR in association with hypofibrino-
gencmia, relative leukopenia, thrombocytopenia, prolonged
prothrombin time, and easy bleeding, should raise suspicion
of MAS. The diagnosis is confirmed by demonstration of
hematophagocytic histiocytes in bone marrow and lymph
nodes.

The article by Mouy et al.,! in this issue of The Journal,
reports the use of cvclosporine A to treat MAS that was
manifested as a complication of systemic JRA and was re-
fractory to corticosteroid management. Five patients with
juvenile arthritis (four with systemic JRA, one with poly-
articular JRA) had episodes of acute hematologic abnormal-
ities characteristic of MAS with no apparent clinical signs of
thrombaosis. In two patients the presence of hematophago-
ovlic lvmphohistiocytosis was confirmed histologically,
supgesting that the clinical features were likely to be related
o ‘lixc activation of macrophages. Therefore the dysregula-
tion of macrophage-lymphocyte interactions, with subse-
quent release of cytokines (e.g., tumor necrosis factor alpha,
interferon gamma). was likely to be a major pathogenic
mechanism in these patients.

Previously. cyclosporine A has been used successfully
in the treatment of familial hematophagocytic lympho-
|\ig‘i\\~)!L\SiS~‘3 Strong similarities between this disease and
MASN accompanying systemic JRA provided a rationale for
the authors to use cyclosporine A in the patients they
Joseribed.

Cyelosporine A is a potent immunosuppressant. It exerts
its major effects by the suppression of the early steps in

‘-¢~cil‘.\cli\'adon. leading to a failure to activate the tran-
seription of “early™ genes, such as those encoding for cy-
tohines. Thus. through a primary effect confined largely to

* oolls, a wide variety of secondary effects are mediated,
leading to profound and therapeutically useful immune sup-
prossea, H

1y 2l five patients the administration of cyclosporine
A (witheut manipulations in steroid therapy) resulted in a
prd wesolution of symptoms. In each case, fever re-
wivad within 24 hours and hematologic disturbances
wither a few davs. High-dose corticosteroid therapy is
autad usad 1o reat MAS. but in some patients this con-
B appears to be corticosteroid resistant. The data
seesantad by Mouy et al.! show that when hematologic ab-
tzo;:;;i::zss are induced by macrophage activation, cyclo-
wwwean A not only may provide rapid control of symp-
S also may allow avoidance of excessive use of

cocessenotds. In cases that appear resistant to corticoster-

The Journal of Pediatrics
November 1996

oid treatment, early administration of cyclosporine A may be
lifesaving.

Alexei A. Grom, MD

Murray Passo, MD

Division of Rheumatology

Children’s Hospital Medical Center
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