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REVIEW

Understanding organ dysfunction in
hemophagocytic lymphohistiocytosis

Abstract Objective: This review
aims to help critical care clinicians
maintain a high level of suspicion regarding the diagnosis of
Hemophagocytic Histiolymphocytosis (HLH). It describes the clinical
and laboratory features of HLH, outlines its pathophysiology and reviews
the most frequent etiologies related
to HLH. Prognostic factors and therapeutic options are also reported. Data
sources: Review of the literature.
Results: The diagnosis of HLH
relies on the association of clinical
abnormalities and hemophagocytosis
in bone marrow, spleen, or lymph
node specimens. Liver, pulmonary,
renal, cardiac and skin involvement
may occur at various degrees possibly
leading to multiple organ failure.
Three main etiologies can be found,

Introduction
Hemophagocytosis describes the pathological finding of
activated macrophages engulfing erythrocytes, leukocytes,
platelets, and their precursor cells. This phenomenon is
an important finding in patients with hemophagocytic syndrome, more properly referred to as hemophagocytic lymphohistiocytosis (HLH).
Hemophagocytic lymphohistiocytosis is a distinct
clinical entity characterized by fever, pancytopenia,
splenomegaly, and the pathological finding of hemophagocytosis in bone marrow and other tissues. The syndrome,
also referred to as “histiocytic medullary reticulosis,”
was first described in 1939 as a condition characterized
by a fever, a rapid decline in general health, peripheral
lymph node enlargement, pancytopenia, and histiocyte

namely infections, lymphoproliferative diseases, or connective tissue
diseases. Immune deficiency is often
retrieved. Mortality can be as high as
50%. Although clinically mimicking
severe sepsis, HLH has a distinct
pathophysiology on which specific
therapy is based. Early diagnosis and
treatment is mandatory to increase
the chances of survival. Conclusion:
The comprehensive management of
severe HLH requires the involvement
of a multidisciplinary team in order
to determine the best therapeutic
strategy and to identify the underlying
cause.
Keywords Hemophagocytosis · Histiocytosis · Langerhans cells · Th1
Cytokines activation · Cytopenia ·
Autoimmune disease

proliferation in the bone marrow with a fatal outcome [1].
Forty years later, Risdall et al. used the term “reactive
hemophagocytic syndrome” to designate an inappropriate
immune response to viral infection leading to uncontrolled
proliferation of benign histiocytes with hemophagocytosis
and symptoms matching those described by Scott and
Robb-Smith [1]. Subsequently, additional cases related
to viral infection were reported [3–5], and hemophagocytic syndrome was described in association with other
diseases, including malignancies and systemic connective
tissue diseases [6–8].
Hemophagocytic lymphohistiocytosis is a life-threatening condition which may be difficult to distinguish from
severe sepsis [9]. A simple clinical approach may be helpful to appraise the diagnosis of HLH. Along this line, autopsy studies suggest that HLH may be underrecognized
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Table 1 Diagnostic guidelines for hemophagocytic lymphohistiocy- tory manifestations were proposed by the Histiocyte Socitosis. The diagnosis of hemophagocytic lymphohistiocytosis can be ety and are listed in Table 1. Acute onset with high-grade
established by fulfilling five of the eight criteria. NK, natural killer. fever is the rule. Rapid weight loss may occur [14, 15].
(From [37])
Clinical criteria
Fever (> 7 days)
Splenomegaly
Laboratory criteria
Bicytopenia without marrow hypoplasia, including:
Hemoglobin < 9 g/l
Platelet count < 100.10 × 9 mm3
Neutrophil count < 1.10 × 9/mm3
Hypertriglyceridemia (3.0 mmol/l, fasting value)
and/or hypofibrinemia (< 1.5 g/l)
Hyperferritinemia (> 500 ug/l)
Low/absent NK cell activity
Increased soluble CD 25 levels (> 2400 IU/ml)
Histological criteria
Hemophagocytosis

in intensive care unit (ICU) patients [10, 11]. On the other
hand, incidence of HLH may be overestimated. Indeed,
studies in critically ill septic patients with cytopenia report
an incidence of HLH in marrow smears between 0.8 and
4% [10, 12]; however, these studies are often difficult to interpret as no cytological results from relevant control populations are available. Moreover, criteria for the definite
diagnosis of HLH were not met, suggesting that although
hemophagocytosis was identified, diagnosis of HLH remained doubtful [13].
Several criteria sets have recently been developed
for the diagnosis of HLH. In the latest HLH-2004
protocol, a recent revision of diagnostic criteria suggests that HLH diagnosis can be established if five
of the eight following diagnostic criteria are fulfilled:
(a) fever; (b) splenomegaly; (c) bicytopenia; (d) hypertriglyceridemia (> 3.0 mmol/l fasting value), and/or
hypofibrinogenemia (< 1.5 g/l); (e) hemophagocytosis;
(f) low or absent natural killer (NK) cell activity; (g) hyperferritinemia (> 500 ug/l); and (h) and increased soluble
CD-25 levels (> 2400 IU/ml; Table 1).
This review aims to help critical care clinicians maintain a high level of suspicion regarding the diagnosis of
HLH. It describes the clinical and laboratory features of
HLH, outlines its pathophysiology, and reviews the most
frequent etiologies related to HLH. Prognostic factors and
therapeutic options are also reported.

Overall, macrophage and T-lymphocyte proliferation and
activation in the reticuloendothelial system manifest as peripheral lymphadenopathy (35% of patients) and as enlargement of the liver and spleen (50% of patients) [16,
17]. Clotting disorders may lead to bleeding, and liver involvement may manifest as jaundice and portal hypertension. Pulmonary infiltrates are found in 20–30% of patients [18]. Cardiac or renal involvement may occur. Skin
abnormalities are noted in 20% of patients [17], with the
most common patterns being rash, erythema, and purpura.
Of central nervous system manifestations, encephalopathy, meningitis, and seizures are the most commonly reported [19]. In severe cases, mechanical ventilation is required because of alterations in consciousness. Multiple
organ failures may occur. Table 2 reports usual causes in
connective-tissue diseases associated with HLH.
Laboratory tests can assist in the diagnosis of HLH.
The most prominent laboratory abnormalities noted are
cytopenia, which may be profound. Cytopenia results from
both hemophagocytosis in the bone marrow and depression of hematopoiesis by cytokines such as interferon-γ
(IFN-γ), tumoral necrosis factor-α (TNF-α), and interleukin 1-β (IL-1β) [20]. All patients have anemia, which
is usually nonregenerative. Serum chemistry findings may
suggest hemolysis, with hyperbilirubinemia and elevation
of lactate dehydrogenase. Thrombocytopenia is almost

Table 2 Causes of reactive hemophagocytic lymphohistiocytosis
(HLH) in published series. (Adapted from [78])
Associated disorders with HLH

Viral infections
HSV
EBV
CMV
HIV
Other infections
Bacteria
Parasites/fungi
Mycobacteria
Lymphoma
Other hematological malignancies
Solid cancer
Systemic diseasea
Lupus
Still’s disease
Rheumatoid arthritis
Sarcoidosis
Scleroderma
Clinical and laboratory features
Mixed connective tissue disease
The clinical and laboratory features of HLH are nonspeSjögren’s syndrome
cific and may be difficult to separate from those of the Hereditary
underlying disease; however, HLH should be considered No identified cause

Prevalence (%)
29.1
2.9
6.9
10.5
8.8
20.6
31.1
5.2
2.3
19.9
8.2
1.6
7.2

6.2
18.0

routinely in patients with unexplained and atypical multi- Clinical features may be difficult to differentiate from those of the
ple organ failure [12]. Diagnosis of HLH relies on clinical, underlying systemic disease
laboratory, and histological findings. Clinical and labora- a Diseases are set in order of frequency according to Dhote et al. [70]
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consistently present, occurs early in the course of the disease, and is usually profound. Leukopenia is less common,
less severe, and occurs later in the course of the syndrome.
Overall, three of every four patients have pancytopenia
and all have bicytopenia. Serum ferritin elevation is the
rule [21, 22], the most likely mechanism being IL-1β
elevation [23]. Serum ferritin levels may correlate with
disease activity and outcome under treatment. Hypertriglyceridemia is an extremely common finding that is ascribable to lipoprotein lipase inhibition by TNF-α [24, 25].
Coagulation disorders are present in most patients. The
most common pattern is isolated fibrin deficiency due to
liver dysfunction and, above all, plasminogen and factor-X
activation by IL-1β [26, 27]. More rarely, disseminated
intravascular coagulation (DIC) develops as a result of
IFN-γ and TNF-α overproduction. The DIC is associated
with high mortality [2, 24]. Liver dysfunction (cytolysis
and cholestasis) is frequently reported [28, 29]. IFN-γ
contributes to the development of cholestasis [30]. In
addition, colony-stimulating factor (CSF), together with
Fas/Fas-ligand interaction in response to IFN-γ overproduction, contribute to cause apoptosis and liver damage.
IFN-γ elevation also leads to hypoalbuminemia [31].
Renal failure is often reported at the advanced stage
of HLH and is related to abnormally high concentrations
of nephrotoxic interleukin-6 (IL-6) in serum [32]. Renal biopsy usually shows tiny glomerular lesions [33,
34]. Markers for inflammation are markedly elevated.
Many other nonspecific laboratory abnormalities may
be found, such as hypo- or hypergammaglobulinemia,
a positive Coombs test, or hyponatremia due to syndrome
of inappropriate antidiuretic hormone secretion [35].

and their precursors (Fig. 1). This proliferation is found
in the reticuloendothelial system (bone marrow, lymph
nodes, spleen, and liver) and occasionally affects other
sites, such as the skin. Cytological examination of bone
marrow smears is the best investigation for confirming
HLH, although normal findings, do not rule out the diagnosis. Cellularity is usually normal for all three lines at an
early stage. Hypocellularity with reduced granulopoiesis
and erythropoiesis may be present [2]. Hyperplasia of
the megacaryocyte line with good maturation initially is
the rule. Hemophagocytosis in bone marrow occurs not
only in HLH, but also in hemolytic diseases and other
hematological disorders; therefore, hemophagocytosis
does not indicate a diagnosis of HLH unless other clinical
and laboratory features of the syndrome are present
also [10].
Histological examination of bone marrow biopsies
may be less effective in establishing the diagnosis of
HLH than examination of bone marrow smears. Nevertheless, bone marrow biopsy may show an underlying
hematological disorder or infectious process, as in tuberculosis for example [16]. Liver histology is abnormal
in 50% of patients with HLH. Findings may consist
of nonspecific histiocytic infiltration of the sinusoid
capillaries and portal tracts and/or hepatocyte necrosis [36]. In a study of 30 patients with HLH and liver
dysfunction, de Kerguenec and coworkers consistently
found sinusoid dilation and hemophagocytosis, with liver
biopsy identifying the underlying disease in 50% of
cases [28]. Examination of spleen specimens may show
red pulp expansion with hemophagocytosis, as well as
lymphocyte depletion in white pulp. In HLH, histological examination of spleen sections may also identify
the etiology of the process. In lymph node specimens,
histiocytic infiltration is more meaningful when found
Cytology and histology
in the sinusoids than in the cortical or paracortical area.
The pathological hallmark of HLH is a proliferation of Lymphocyte depletion with atrophic germinal centers is
activated macrophages (histiocytes) engulfing blood cells an extremely rare pattern. When lymph node architecture
Fig. 1 Evidence of hemophagocytosis on histological samples.
Hematoxylin-eosin stain of bone
marrow sample shows histiocytes, phagocytosing erythroblasts, and lymphocytes.
a Hematoxylin-eosin stain of
bone marrow sample shows
phagocytic cells with engulfed
erythrocytes and platelets.
b Hematoxylin-eosin stain of
bone marrow sample shows
phagocytic cells with engulfed
erythrocytes and platelets
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is not invaded by a tumoral proliferation, its structure Plasmodium falciparum and in Babesia-related infections.
is usually normal, although vessel proliferation may be More rarely, disseminated strongyloidiasis, Pneumocystis
present.
jiroveci infection [52], aspergillosis [53], toxoplasmosis,
cryptococcosis, and candidiasis [54] have been described
in association with HLH.

Etiologies
Viral infections, other infections, autoimmune disorders,
and underlying malignancy are the most common triggers
for reactive HLH (Table 2). In adults, acquired (reactive)
HLH is commonly associated with immune deficiency,
which should be looked for routinely.
Viral infections
Although many viruses can trigger HLH, herpes viruses
account for more than 50% of cases of virus-associated
HLH [37]. Epstein–Barr virus (EBV) is the most common
triggering agent for HLH. The HLH associated with
primary EBV infection is more common in young children
than in other age groups and may be fatal, most notably
in immunocompromised individuals [37]. The diagnosis
rests on serology, MNI test, and PCR detection of viral
DNA in serum. Cytomegalovirus (CMV) contributes
30–50% of all cases of virus-associated HLH and should
be sought routinely, as specific treatment is available [38].
Herpes simplex virus (HSV) [39], and parvovirus [40]
are common triggers of HLH. Cases associated with
adenovirus [41], hepatitis viruses [42], rubella, respiratory
syncytial virus, and coxsackie [43] have been reported.
Post-mortem analyses in patients dying after severe
avian influenza A (H5N1) infection have also revealed
hemophagocytosis [44]. Human immunodeficiency virus
(HIV) alone or in the presence of other opportunistic
or nonopportunistic infections, or malignancies (e.g.,
Hodgkin’s lymphoma and Castleman’s disease), has been
associated with hemophagocytic syndrome [45].

Lymphoproliferative diseases
In non-immunocompromised patients, the first malignancy
to be found associated with HLH is T-cell lymphoma [55],
above all when the trigger is identified as EBV [56].
Hodgkin’s disease is the second malignancy associated
with HLH [37, 57, 58]. B-cell lymphoma and intravascular lymphoma may also be associated with HLH,
more particularly in Asians [59]. The EBV-induced lymphomas, transplant-recipient lymphomas, and lymphomas
in HIV-infected patients are associated with a higher
risk of HLH [60]. Human herpes virus 8 (HHV-8) is
associated with several distinct lymphoproliferative disorders [61–63]. The HLH triggered by HHV-8 is extremely
rare but has been reported in associated lymphoproliferative disorders as well as in immunocompromised
patients. Conditions rarely reported in association with
HLH include acute T-cell or NK leukemia [64, 65].
Systemic diseases

Occurrence of HLH during connective disease course may
be related to the systemic disease activity, to infection, or
rarely to lymphoma [66–69]. In a study by Dhote et al.
among 26 patients with systemic diseases and HLH, the
diagnoses were systemic lupus erythematosus (n = 14),
Still’s disease (n = 4), rheumatoid arthritis (n = 2), polyarteritis nodosa (n = 2), Kawasaki disease (n = 1), mixed
connective tissue disease (n = 1), sarcoidosis (n = 1),
and Sjögren syndrome (n = 1). In 15 patients, HLH was
triggered by active infection (viral, n = 3; bacterial, n = 10;
mycobacterial, n = 1; and Aspergillus, n = 1), which
Bacterial infections
required a reduction in the immunosuppressive regimen.
Only Lupus or Still’s disease were directly responsible
Although pyogenic infections have been reported in asso- for HLH (in 9 patients), which required intensification of
ciation with HLH, the link is poorly documented. In con- immunosuppressive regimens [70].
trast, stronger evidence exists to support a relation with intracellular bacteria (mycobacteria, mycoplasma, Rickettsia
sp., Legionella sp., Chlamydia sp., Brucella sp., and BorPathophysiology
rellia sp.) [46, 47].
Genetic defects in familial HLH: keys to HLH
pathophysiology
Fungal and parasitic infections
Studies of genetic HLH have provided valuable insight into
Histoplasmosis is the most common fungal infection the mechanisms of host defense and the pathophysiology
found in association with HLH [48, 49]. Leishmaniasis is of acquired (reactive) HLH. The clinical and laboratory
akin to an animal model of hemophagocytosis [50, 51]. features of primary HLH are identical to those of reacHLH has been reported during malaria attacks due to tive HLH, except for occurrence in childhood, greater
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frequency, and severity of neurological involvement, and
higher rates of fatal primary viral infections.
Genetic (primary) HLH is inherited in an autosomal or X-linked manner and can be divided into two
subgroups: familial HLH (FHLH), in which the clinical
syndrome of HLH is the only manifestation; and the
immune deficiencies Chédiak–Higashi syndrome (CHS1),
Griscelli syndrome (GS2), and X-linked proliferative
syndrome (XLP), which have distinctive clinical features
besides the sporadic, though frequent, development of
HLH [37].
Since 1999, several genetic loci related to the activity
of perforin and granzyme granule have been associated
with genetic hemophagocytic syndrome, thus explaining
the impaired or absent function of NK cells and cyto-

toxic T cells characteristic of the disease. The cytotoxic
activity of NK cells and of CD8+ T-cell lymphocytes
(CTL) is mediated by the release of cytolytic granules (containing large amounts of perforin, granzymes,
and other serin-like proteases) via the immunological
synapse to the target cell [71]. In genetic HLH, mutations impair the cytotoxic activity of CTL and NK
cells without modifying their activation capacity or
cytokine secretion. Most of the mutations affect the
cytoplasmic granules in cytotoxic cells, altering either
the effectors they contain (perforin) or their ability
to migrate to the cell membrane [71]. This impairment
may remain asymptomatic until the cytokine system is
stimulated, when paradoxical inefficient overactivation
reveals the illness.

Fig. 2 Immunopathological mechanisms in hemophagocytic lymphohistiocytosis: clinical effects of Th1 activation loop and cytokines production. Activation of CD-8 T lymphocytes results in
clonal proliferation and activation of NK cells, with production
of high levels of activating cytokines. Elaboration of TNF-α and
other cytokines causes fever and systemic illness. TNF-α and IFN-γ

production contribute to macrophage activation with resulting
hemophagocytosis. TNF-α, tumor necrosis factor alpha; IFN-γ ,
interferon-gamma; IL1-β, interleukin-1 beta; IL-2, interleukin-2;
IL-6, interleukin-6; IL-8, interleukin-8; IL-12, interleukin-12;
sCD-8, soluble cluster of differentiation 8; NK cell, natural killer
cell
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Uncontrolled TH1 response and defective cytotoxic
function: key points to reactive HLH pathophysiology
In reactive HLH, there is an overwhelming activation of
normal T cells and macrophage which cause clinical and
biological alterations: cooperation among triggered histiocytes, macrophages, CTL, and NK cells is at the hub of
HLH, where evidence of a cytotoxic response, including
Th1 response and cytotoxic cell overactivation, soon becomes apparent (Fig. 2) [72].
Infection with a virus or intracellular pathogen normally induces a Th1 response in which cytotoxic Th1 cells
and macrophage cooperate to increase the efficiency of the
CTL system and the capacity of macrophage to proliferate.
The antigen-presenting cells promote CTL and NK cells
expansion and activation via the secretion of interleukin12 (IL-12) and TNF-α. In turn, the cytotoxic cells release
increased amounts of IFN-γ, TNF-α, and macrophage
colony-stimulating factor (M-CSF). In HLH, this loop is
amplified continuously, leading to the lymphohistiocytic
proliferation responsible for the tumoral syndrome, and to
the cytokine storm responsible for the other clinical and
laboratory features (Fig. 2).
Activation manifests predominantly as a Th1 cytotoxic
response with elevated serum levels of IFN-γ, IL-12,
IL-2, M-CSF [73, 74], and Fas ligand [75], reflecting
the Th1/Th2 imbalance (Fig. 2). The CTL upregulates
activation markers such as CD-25 (alpha-chain of the IL-2
receptor), HLA-DR, and Fas [76]. The serum also contains
high levels of the macrophage-produced monokines such
as interleukin-1 (IL-1), interleukin-6 (IL-6), TNF-α, and
granulocyte colony-stimulating factor (G-CSF) [77, 78],
as well as of coagulation factors (V, VII, IX, and X) and
transferrin. Paradoxically, there is a tendency to peripheral
CD8+ lymphocytopenia as a result of tissue infiltration by
these cells [74, 79].

Table 3 Mortality rates and risk
factors for death reported in
studies of patients with hemophagocytic lymphohistiocytosis

Reference
[2] Risdall RJ et al.
[14] Dinarello CA et al.
[24] Dinarello CA et al.
[79] Fujinara F et al.
[67] al Eid W et al.
[55] Jaffe ES et al.

Linkage between HLH and infection
The linkage between HLH and infection is complex, as an
infection may trigger the development of HLH or complicate the course of HLH. Infection accounts directly for
half the deaths in patients with HLH [37]. Clinical immune deficiency complicating HLH results not only from
neutropenia, but also from anergy in Th1 cells associated
with increased levels of cytokines such as IFN-γ. Infection
complicating HLH probably reflects acquired impairments
of similar nature. Immune deficiency has been reported in
40–60% of cases of HLH: The main causes of acquired
immune deficiency were HIV infection [80] and immunosuppressive treatment for systemic diseases [81] or transplantation [82].
Linkage between HLH and lymphoproliferation
Reactive HLH secondary to EBV-related or T-cell lymphoproliferative disease seems to be independent from
a triggering factor. Indeed, uncontrolled transcription of
messenger RNA for INF-γ in lymphoid T-cells [83] or of
TNF-α in EBV+ lymphoid cells [84] has been documented
in such cases. In addition, supernatant from T-EBV cell
cultures induce macrophagic differentiation of monocyte
lines [56]; thus, some lymphoid proliferations can trigger
and perpetuate the Th1 activation and loop via a paracrine
effect.

Prognostic factors and mortality
The overall mortality rate from HLH ranges across
studies from 22 to 59% (Table 3). The HLH related to
hematological malignancies or EBV infection carries
a higher mortality rate than cases related to viruses or

No. of cases
19
23
40
23
34
26

Deaths
Number

5
7
18
5
20
10
Clinical prognostic factors
Age > 30 years
Pre-existing disease
No lymphadenopathy
History of corticosteroid therapy
Biological prognostic factors
High bilirubin level
High alkaline phosphatase levels
High TNF-α concentrations
IFN-γ > 30 IU
sIL-2-R > 10,000

Percentage
26
30
45
22
59
38
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intracellular bacteria. In fatal HLH, death usually occurs
during the first 4–8 weeks, from multiple organ failure,
bleeding, or sepsis. In a retrospective study of 34 cases
of HLH, Kaito et al. found that factors predicting death
were: (a) age older than 30 years; (b) nature of the underlying disease; (c) hemoglobin level < 10 g/dl; (d) platelet
count < 100,000/mm3; (e) ferritin level > 500 µg/l; or
(f) bilirubin or alkaline phosphatase elevation [85]. In
adults with active systemic disease and HLH, Dhote et al.
did identify the following factors as being associated with
death: absence of lymphadenopathy at diagnosis; corticosteroid treatment at diagnosis; and thrombocytopenia [70];
however, some of the prognostic factors identified in both
studies are actually considered to be diagnostic criteria.
It is thus likely that the outcome of patients with proper
HLH was affected in these studies. In some studies, the
time of etoposide administration was the main determinant
of long-term survival. This effect was particularly marked
for EBV-associated HLH. Imashuku et al. reported that
survival was 90% in patients given etoposide within the
first 4 weeks compared with only 56% in those treated
later [86–88].

Therapeutic options
Supportive care

treatment, hemophagocytosis relapses a few days or weeks
after the symptomatic treatment.
Measures targeted specifically at HLH
Hemophagocytic lymphohistiocytosis is a highly fatal disease if untreated. Severe HLH should be treated promptly
after symptom onset. In less severe forms, investigations
for a cause can be performed first, albeit rapidly, as sudden
worsening may occur at any time. Life-threatening hyperinflammation, caused by excessive levels of cytokines, can
be treated by corticosteroids.
In patients without underlying systemic diseases,
etoposide combined with corticosteroid therapy is now the
treatment of reference for HLH [86]. Etoposide (VP-16) is
a cytotoxic drug that targets the enzyme topoisomerase-2.
Although nonspecific, etoposide selectively targets the
monocyte line. Etoposide was reported to benefit patients
with HLH nearly 10 years ago and was subsequently
proven effective in several studies [37, 86]. In patients
with severe HLH, etoposide should be administered
immediately and acts rapidly, within 24–48 h. Its efficacy
far outweighs the risk of secondary leukemia and transient worsening of the neutropenia. Etoposide has been
proved superior over intravenous immunoglobulins and
cyclosporine in patients with EBV-induced HLH [88,
91]. Moreover, times to treatment was associated with
outcome [86]. Once HLH control is achieved, the appropriateness of continuing etoposide therapy must be
determined according to the underlying cause.
In patients with infection-related HLH, intravenous
immunoglobulin has some chance of success, only if
used early [72]; however, intravenous immunoglobulin
combined with steroids is thought to be inferior to an
etoposide-containing regimen [73].
In case of HLH secondary to lymphoproliferative
diseases, treatment should target malignant lymphocytes
using combined chemotherapy regimens (which all include corticosteroids). Addition of etoposide in this setting
is questionable as it may add some medullar or mucosal
toxicity.
In patients with systemic diseases, such as lupus or
Still’s disease, corticosteroid therapy is the reference [92].
When complementary immunosuppressive treatment is
needed, cyclosporine is often the best choice [81, 93, 94].
In patients with Still’s disease, TNF-α antagonists (etanercept and infliximab) have generated interest because
TNF-α plays a key role in the pathophysiology of both
HLH and Still’s disease [24, 95].

Comprehensive ICU management is needed to support
organ function, to apply specific measures aiming to
control the symptoms, to identify and treat the underlying
cause of HLH, to prevent its recurrence, and also to manage infectious complications. Special attention should be
given to correcting coagulation disorders, by transfusing
platelets, plasma, and fibrinogen, as appropriate. Fluid and
electrolyte balance must be restored and renal replacement
therapy given, if needed. Vasoactive drugs may be needed
to maintain cardiac function and hemodynamics and
assisted ventilation to treat acute respiratory insufficiency.
Anemia and neurological disorders may require additional
treatment. Antibiotic and antifungal agents should be
given as needed to treat infectious complications.
The underlying cause should be treated as soon as
it is identified. Antiviral agents have been reported as
beneficial in patients with herpes simplex virus, varicella
zoster virus, or cytomegalovirus infection [89, 90], but not
in HLH associated with EBV, herpes human virus 8, or
herpes human virus 6. As soon as infection is ruled out,
immediate treatment of lymphoproliferative or systemic
disease, along with empiric or prophylactic anti-infectious
agents, is essential to control both HLH and its trigger;
however, lymphoma may be difficult to detect, as severe
hemophagocytosis may develop despite a small tumor Conclusion
burden. The diagnosis may require invasive procedures
such as bone marrow or lymph node biopsy, liver biopsy, In conclusion, the diagnosis of HLH relies on the associaor splenectomy. In the absence of specific etiological tion of clinical abnormalities (fever, splenomegaly, pancy-
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topenia) and hemophagocytosis in bone marrow, spleen,
or lymph node specimens. Liver, pulmonary, renal, cardiac, and skin involvement may occur at various degrees
possibly leading to multiple organ failure. Three main associated etiologies can be found, namely infections (viral, bacterial, fungal, or parasitic), lymphoproliferative diseases, or connective tissue diseases. Immune deficiency is
often retrieved. Although clinically mimicking severe sepsis, HLH has a distinct pathophysiology on which specific
therapy is based. The comprehensive management of severe HLH requires the involvement of a multidisciplinary

team in order to determine the best therapeutic strategy and
to identify the underlying cause. The high mortality in patients with no etiological diagnosis warrants aggressive investigations and treatment. Studies are needed to identify
whether early administration of etoposide reverses organ
failure and decreases mortality in critically ill patients with
HLH.
Acknowledgements. The authors thank M.T. Daniel for her contribution to iconography preparation and A. Wolfe for her help with the
manuscript.
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