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Abstract: In this review, we aimed to look at the new pathomechanism, dysfunction and management of
macrophage activation syndrome. Our aim is to summarize the progress in understanding of MAS
pathophysiology, show the symptoms that can help find specific diagnostic method. A systematic literature search
was performed in MEDLINE, EMBASE and Cochrane. Our computerized search strategy with English language
restriction was conducted on literature of the past 25 years. Macrophage activation syndrome is a life-threatening
complication seen predominantly in children with systemic onset juvenile idiopathic arthritis. It accounts for a
significant amount of the morbidity and mortality, it is essentially important to recognize and treat MAS earlier
in order to lower the mortality. There are still no validated diagnostic criteria and early diagnosis is difficult.
Further immunological and genetic studies are needed in larger cohorts of patients in order to better understand
the pathophysiology of MAS.
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1. INTRODUCTION

Macrophage activation syndrome (MAS) is an extreme, a dangerous difficulty of acute systemic inflammation emerging
in the context of a selection of auto inflammatory and also autoimmune problems, caused by chronic rheumatic diseases,
specifically systemic-onset juvenile idiopathic arthritis (SoJIA) in youth as well as adult-onset Still's illness. It is
identified by the unrestrained activation and also spreading of T cells (primarily CD8+) and also too much activation of
macrophages, leading to consistent high fever, hepatosplenomegaly, lymphadenopathy, serious cytopenia, major liver
illness, intravascular coagulation, as well as neurological participation [1] These macrophages are usually found in bone
marrow or lymph nodes, yet they might penetrate nearly any type of body organ in the body and also could represent
much of the systemic functions of this disorder, consisting of cytopenias as well as coagulopathy.

In rheumatology, MAS is most highly related to the systemic kind of juvenile idiopathic arthritis (SJIA). It accounts for
much of the morbidity as well as death was seen in this condition. Regarding 10% of the patients with SJIA establish
obvious serious MAS [2], as well as this might happen at any moment factor throughout the training course of SJIA. 2
current research studies [3] recommended that in a moderate 'subclinical’ type MAS might be taking place in as several as
25-- 30% of SJIA patients with energetic systemic illness. Systemic lupus erythematosus, as well as Kawasaki condition,
are 2 various other conditions where MAS appears to happen a lot more often compared to various other rheumatic
conditions.MAS, likewise a type of second hemophagocytic lymphohistiocytosis (HLH), is a significant root cause of
morbidity and also death in kids with SoJIA [1]. In two current study records provide a death of 8%-22% [4] Real
occurrence of MAS may be a lot greater given that there are no verified analysis standards as well as light circumstances
of MAS are not constantly acknowledged [5]

In this review, we aimed to look at the new pathomechanism, dysfunction and management of macrophage activation
syndrome. Our aim is to summarize the progress in understanding of MAS pathophysiology, show the symptoms that can
help find specific diagnostic method.
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2. METHODOLOGY

A systematic literature search was performed in MEDLINE, EMBASE and Cochrane. Our computerized search strategy
with English language restriction was conducted on literature of the past 25 years. MeSH terms were used to identified
articles related to our study objective. References of included studies were searched for more relevant studies.

3. DISCUSSION

e Cytolytic Dysfunction In Macrophage Activation Syndrome:

It is currently commonly acknowledged that MAS bears close similarity to a group of histiocytic disorders jointly
referred to as hemophagocytic lymphohistiocytosis (HLH) [6] HLH is a term that defines a range of illness procedures
defined by build-ups of well-differentiated mononuclear cells with a macrophage phenotype [7] In the modern category of
histiocytic disorders, HLH is additionally partitioned right into primary, or domestic HLH, and also second, or responsive
HLH (ReHLH). [7] Scientifically, nonetheless, they might be difficult to identify from each other [8]

The pathological systems of HLH/MAS are not completely recognized. In HLH, there is unrestrained expansion of T cells
and also macrophages that have actually been connected to reduced NK-cell and also cytotoxic T-cell function typically
because of mutations in the gene encoding perforin [9]

In genetic HLH, the unchecked spreading of T cells as well as macrophages has actually been connected to the reduced
natural Killer (NK) cell as well as cytotoxic T-lymphocyte (CTL) function [10] The cytotoxic task of these cells is
moderated by the launch of specialized cytotoxic granules which contain a number of courses of healthy proteins shared
just in cytotoxic cells, consisting of perforin and also granzymes. As soon as cytotoxic cells are triggered, these granules
are supplied to the cell surface area and also their web content is launched at the immunologic synapse with the target
cell. Perforin help in the distribution of the granule materials right into the cytoplasm of the target cell, whereas
granzymes activate apoptosis when in the cytoplasm of the target cell. In 15-- 40% of patients with FHLH, cytolytic
disorder is owing to mutations in the gene encoding perforin [11]. The details systems that connect deficient NK cell and
also CTL functions with development of turned on macrophages are unclear. One feasible description is associated with
that bad cytolytic task seen in HLH/MAS patients could cause lessened capability to manage some infections [12] A lot
more particularly, NK cells as well as cytotoxic T lymphocytes cannot eliminate contaminated cells and also therefore to
get rid of the resource of antigenic excitement. Such relentless antigen excitement leads, subsequently, to consistent
antigen-driven activation and also proliferation of T cells connected with rising manufacturing of cytokines that promote
macrophages. It has actually additionally been assumed that irregular cytotoxic cells could cannot offer proper apoptotic
signals for elimination of triggered macrophages and also T cells throughout the tightening phase of the immune feedback
[13], resulting in consistent development of T cells as well as macrophages that produce proinflammatory cytokines. As a
result of continual excitement with proinflammatory cytokines (most significantly INF-y), macrophages come to be
hemophagocytic.

e Macrophage Activation Syndrome Diagnosis:

There are no special analysis requirements for MAS, and also very early medical diagnosis is frequently difficult because
the similiraty with an SJIA flare and/or sepsis-like syndromes. This is later further complicated by the reason of SJIA
flare or septis, particularly in case of intraphagocytic pathogen infections. As a basic rule, impending MAS ought to be
highly thought in a patient with SJIA that creates relentless high temperatures, a fall in the ESR as well as the decrease in
platelet matter, especially in a mix with the boost in lotion D-dimer as well as ferritin levels. Preferably, the medical
diagnosis of MAS must be verified by the presentation of hemophagocytosis in the bone marrow. The demo of
hemophagocytosis could be difficult due to tasting mistake, specifically in the very early phases of the syndrome. In such
situations, further discolouration of the bone marrow with anti-CD163 antibodies might be useful. In the setup of MAS,
this generally exposes enormous development of extremely triggered histiocytes [14]

The primary pathophysiologic function of MAS is too much activation as well as the growth of cytotoxic CD8+T cells
and also macrophages.Even with therapy in a prompt way, MAS can be deadly. The medical diagnosis of MAS is
typically verified by the presentation of hemophagocytosis in the bone marrow. Incorrect downsides could happen owing
to tasting mistakes, especially at the very early phases of the syndrome. In some patients, succeeding biopsies have
actually disclosed hemophagocytic macrophages in body organs such as liver, lymph nodes, or lungs. In patients with
negative bone marrow biopsies, assessment of the levels of SIL2Ra and also sCD163 in serum could aid with the prompt
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medical diagnosis of MAS. Soluble IL2Ra receptors and also soluble CD163 are currently progressively acknowledged as
essential biomarkers of hemophagocytic syndromes [15] Since sIL2Ra and also sCD163 are soluble particles lost from
the surface areas of turned on T cells as well as macrophages, specifically, their levels are most likely to raise in the serum
no matter the tissue localization of the cells.

The medical diagnosis of hyperinflammatory syndromes is dealt with problem. These quickly deadly problems call for
instant acknowledgment to make sure immediate therapy. Significant scientific overlap takes place in between various
types of hyperinflammatory disorders making the proper medical diagnosis testing. Proper medical diagnosis is necessary,
as present therapy suggestions for each private hyperinflammatory syndrome are various.

e Treatment of MAS:

Analysis and also therapy strategies for kids with HLH are normally based upon HLH-04, a lately upgraded research
study procedure that consists of preliminary therapy with dexamethasone, cyclosporine, and also etoposide for both
second as well as primary kinds [16] Kids with MAS and also a well-known rheumatic illness could get differing
programs consisting of high dosage methylprednisolone, cyclosporine, cyclophosphamide, mycophenolate mofetil
(MMF), rituximab, interleukin-1, or azathioprine villains. Due to the fact that they have activity against both the
underlying rheumatic condition and also MAS, these immunosuppressive medicines are commonly picked. In SJIA-
related MAS, the trademark of treatment is pulse steroids as well as cyclosporine A with refractory condition being
treated with 1VIg, rituximab (in EBV-associated MAS), alemtuzumab, daclizumab or anti-cytokine treatments consisting
of anti-il-6 as well as anti-il-1 [17].

Youngsters with HLH or MAS usually need health center or intensive care unit (ICU) management for body organ system
disorder or for additional infections associated with immunosuppression. Current records of MAS making complex SLE
have actually motivated worry that this organization might be under-recognized [18] .Pediatric rheumatic illness are
unusual, and also MAS is not a usual problem.

o Case report:

They describe [19] a 13-month-old child in whom MAS formed as a complication of systemic juvenile rheumatoid
arthritis (S-JRA). He struggled with high temperature as well as generalised breakout complied with by numerous joints
swelling for 4 months prior to admission. Health examination revealed cervical lymphadenopathy as well as
hepatosplenomegaly. Lab searchings for were: uncommon liver enzymes, raised triglyceride and also ferritin levels,
coagulopathies appearing like distributed intravascular coagulation, anemia and also thrombocytopenia. Hyperplasia of
hemophagocytic macrophages was remarkable in his bone marrow. Methylprednisolone as well as cyclosporin treatment
caused laboratory and also professional enhancements.

A 13-month-old child, which had actually dealt with high temperature, generalized breakout, and also numerous joints
swelling for 4 months, went to pediatric rheumatology center. At admission, high temperature, which had actually
revealed a periodic high pattern, virtually decreased, but salmon pink-colored rheumatoid breakout was diffusely existing
on his abdominal area. His hands, reduced feet as well as legs were bilaterally swelled with the participation of metacarpal
as well as proximal interphalangeal joints of 2nd fingers, knee joints, as well as 5th toes (Fig. 1). Physical exam revealed
cervical lymphadenopathy as well as hepatosplenomegaly. Under the medical diagnosis of S-JRA, he had actually been
treated with pain killers (100 mg/kg for 9 days) and also ibuprofen at regional healthcare facility till one week prior to
admission.

Fig. 1.Swelling of both lower legs and feet.[19]
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Lab outcomes of rheumatoid factor, anti-streptolysin O, lupus anticoagulant, as well as antinuclear antibody were all
negative. Enhance and also immunoglobulin information were: C3, 199 mg/dL; C4, 33.5 mg/dL; 19G, 766 mg/dL; IgA,
112 mg/dL; and also IgM, 81.5 mg/dL. There was no proof of viral infection or hepatitis[19].

Bone marrow (BM) assessment, which was carried out as an additional work-up of hematologic irregularities revealed
normocellular marrow with a cellularity of 90%. Megakaryocytic and also granulocytic family trees were regular in
growth, yet erythroid family tree was hypoplastic. Benign-looking macrophages were incredibly raised, as well as a few
of them revealed hemophagocytic functions. Their presence was verified with CD68 immunostain (Fig. 2.)[19].
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Fig. 2.Bone marrow biopsy section shows increased numbers of diffusely distributed and minimally clustered macrophages
(CD68 immunostain, x200) [19].

4. CONCLUSION

Macrophage activation syndrome is a life-threatening complication seen predominantly in children with systemic onset
juvenile idiopathic arthritis. It accounts for a significant amount of the morbidity and mortality, it is essentially important
to recognize and treat MAS earlier in order to lower the mortality. There are still no validated diagnostic criteria and
early diagnosis is difficult. Further immunological and genetic studies are needed in larger cohorts of patients in order to
better understand the pathophysiology of MAS.
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