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OBJECTIVE: Hemophagocytic lymphohistiocytosis is a hyperinflammatory syn-
drome that often requires critical care support and remains difficult to diagnose. 
These guidelines are meant to aid in the early recognition, diagnosis, supportive 
care, and treatment of patients with hemophagocytic lymphohistiocytosis in ICUs.

DATA SOURCES: The literature searches were performed with PubMed 
(MEDLINE).

STUDY SELECTION: Keywords and medical subject headings terms for liter-
ature search included “macrophage activation syndrome,” hemophagocytic lym-
phohistiocytosis,” and “hemophagocytic syndrome.”

DATA EXTRACTION: The Histiocyte Society developed these consensus rec-
ommendations on the basis of published reports and expert opinions with level of 
evidence provided for each recommendation. They were endorsed by the Society 
of Critical Care Medicine.

DATA SYNTHESIS: Testing for hemophagocytic lymphohistiocytosis should be 
initiated promptly in all patients admitted to ICUs with an unexplained or dispro-
portionate inflammatory response, especially those with rapid clinical deterioration. 
Meeting five or more of eight hemophagocytic lymphohistiocytosis 2004 diagnostic 
criteria serves as a valuable diagnostic tool for hemophagocytic lymphohistiocy-
tosis. Early aggressive critical care interventions are often required to manage the 
multisystem organ failure associated with hemophagocytic lymphohistiocytosis. 
Thorough investigation of the underlying triggers of hemophagocytic lymphohis-
tiocytosis, including infections, malignancies, and autoimmune/autoinflammatory 
diseases, is essential. Early steroid treatment is indicated for patients with familial 
hemophagocytic lymphohistiocytosis and is often valuable in patients with acquired 
hemophagocytic lymphohistiocytosis (i.e., secondary hemophagocytic lymphohis-
tiocytosis) without previous therapy, including macrophage activation syndrome 
(hemophagocytic lymphohistiocytosis secondary to autoimmune/autoinflammatory 
disease) without persistent or relapsing disease. Steroid treatment should not be 
delayed, particularly if organ dysfunction is present. In patients with macrophage 
activation syndrome, whose disease does not sufficiently respond, interleukin-1 in-
hibition and/or cyclosporine A is recommended. In familial hemophagocytic lympho-
histiocytosis and severe, persistent, or relapsing secondary macrophage activation 
syndrome, the addition of prompt individualized, age-adjusted etoposide treatment 
is recommended.

CONCLUSIONS: Further studies are needed to determine optimal treatment for 
patients with hemophagocytic lymphohistiocytosis in ICUs, including the use of 
novel and adjunct therapies.

KEY WORDS: extracorporeal life support; hemophagocytic lymphohistiocytosis; 
hyperferritinemia; macrophage activation syndrome; multiple organ failure
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Hemophagocytic lymphohistiocytosis (HLH) 
is a syndromic disorder (Tables 1 and 2; and 
Supplementary Table 1, http://links.lww.

com/CCM/G882) characterized by severe hyperin-
flammation in the setting of immune dysfunction 

with concomitant immune system activation  
(i.e., persistent antigen presentation and adaptive 
or innate immune system activation) (1, 2). In pri-
mary (genetic) HLH, immune dysfunction is irre-
versible and most often due to autosomal recessive 

TABLE 1. 
Hemophagocytic Lymphohistiocytosis 2004 Criteria (3–6)

A) Molecular Diagnosis
Pathogenic Biallelic Mutation in Genes Associated With HLH: PRF1, UNC13D, 

STX11, STXBP2, LYST, RAB27A, XIAP, SH2D1A, and NLCR4

B) Clinical and Laboratory 
Criteria

For Clinical Diagnoses, Greater Than or Equal to Five of The Eight Criteria Below 
Must Be Met

Feature Cutoff Assumed Mechanism Comments

HLH-2004 diagnostic criteria

 Fever  Elevated cytokines May be altered by 
antipyretics & steroids

 Splenomegaly  Infiltration by lymphocytes  
and histiocytes

 

 Cytopenia ≥ 2 cell lines Suppression by cytokines and 
hemophagocytosis

Check for toxic marrow 
failure in patients 
after chemotherapy

 Hemoglobin < 90 g/L (neonates < 100 g/L)

 Platelets < 100 × 109/L

 Neutrophils < 1 × 109/L

 Hypertriglyceridemia  
 or hypofibrinogenemia

≥ 265 mg/dL (≥ 3 mmol/L) Lipoprotein lipase suppression by 
cytokines; plasminogen activator 
produced by macrophages

Triglyceride levels 
may be altered by 
parenteral nutrition

≤ 150 mg/dL (≤ 1.5 g/L)

 Hemophagocytosis Bone marrow, other tissues Due to macrophage activation  

 Hyperferritinemia ≥ 500 ng/mL (≥ 500 µg/L) Released from activated 
macrophages

Test dilution may be 
required

 Reduced or absent natural  
 killer-cell cytotoxicity

 Due to genetic defect or transient 
dysfunction

CD107a assaysa may 
be more valuable

 Elevated soluble CD25  
 (soluble IL-2 receptor)

≥ 2,400 U/mL Released by activated T-cells Test dilution may be 
required

Other features

 Elevated transaminases  
 and bilirubin

 Infiltration by lymphocytes and 
histiocytes; viral triggers

 

 Elevated lactate  
 dehydrogenase

 Cell death and proliferation  

 Elevated d-dimers  Hyperfibrinolysis  

 Elevated CSF cells  
 or CSF protein

 Cell infiltration into the CNS  

 Elevated soluble CD25/ferritin  
 ratio (> 2)

  Can suggest underlying 
malignant neoplasm

 Hypoalbuminemia  Hypercytokinemia  

 Hepatomegaly  Infiltration by lymphocytes, 
macrophages, and histiocytes

 

HLH = hemophagocytic lymphohistiocytosis, CSF = cerebrospinal fluid.
a Also known as CD107a mobilization or degranulation assays.

http://links.lww.com/CCM/G882
http://links.lww.com/CCM/G882
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TABLE 2. 
Macrophage Activation Syndrome Diagnostic Criteria (7, 8)

2016 Classification Criteria for MAS Related to Systemic Juvenile Idiopathic Arthritis (7)

Clinical and 
laboratory 
diagnosis

Patients must have a suspected or known diagnosis of systemic juvenile idiopathic arthritis

Fever

Ferritin > 684 ng/mL (> 684 µg/L)

Any two of the below

 Platelet count ≤ 181 × 109/L

 Aspartate aminotransferase > 48 U/L

 Triglycerides > 156 mg/dL (> 1.76 mmol/L)

 Fibrinogen ≤ 360 mg/dL (≤ 3.60 g/L)

Classification Criteria for MAS Related to Juvenile Systemic Lupus Erythematosus (8)

One clinical criterion and two laboratory criteria are required

Clinical criteria Fever (> 38°C)

Hepatomegaly (≥ 3 cm below the costal arch)

Splenomegaly (≥ 3 cm below the costal arch)

Hemorrhagic manifestations (purpura, easy bruising, or mucosal bleeding)

CNS dysfunction (irritability, disorientation, lethargy, headache, seizures, or coma)

Laboratory criteria Cytopenia affecting two or more cell lineages (WBC count ≤ 4.0 × 109/L, hemoglobin ≤ 90 g/L,  
or platelet count ≤ 50 × 109/L)

Increased aspartate aminotransferase > 40 units/L

Increased lactate dehydrogenase > 567 units/L

Hypofibrinogenemia (fibrinogen ≤ 1.5 g/L)

Hypertriglyceridemia (triglycerides > 178 mg/L)

Hyperferritinemia (ferritin > 500 µg/L)

MAS = macrophage activation syndrome.

biallelic genetic defects in the perforin-dependent cy-
totoxic pathway or mutations affecting activation of 
the inflammasome (1, 2). Secondary (acquired) HLH 
(sHLH) often results from infections, malignancies, 
or autoinflammatory/autoimmune diseases. HLH in-
duced by autoinflammatory/autoimmune disease is 
termed macrophage activation syndrome–associated 
HLH (MAS-HLH) (Table  2) (9). The immune dys-
function in sHLH is characterized by reversible nat-
ural killer (NK) or CD8+ T cell dysfunction, which 
occurs in some viral infections or rheumatologic dis-
orders, or by NK-cell deficiency, which can occur after 
chemotherapy or during sepsis (1, 10–12).

The overall frequency of HLH within the general and 
critical care population is unknown, but it is rare. Recently, 
1.5% of patients with hyperferritinemia (> 500 µg/L) 
who were admitted to ICUs reportedly had HLH (13, 14).  
However, HLH often requires supportive care 

management in ICUs (> 60% in pediatric HLH cases) 
with high mortality rates (36–40% of pediatric cases 
and 41–68% of adult cases) (9, 15–18). In addition to 
the supportive care needed to treat HLH, intensivists 
also play a crucial role in the diagnosis of HLH be-
cause HLH diagnoses are frequently not established 
before ICU admission (19). Diagnosis remains chal-
lenging because of the relative rarity of HLH and its 
clinical overlap with other hyperinflammatory disor-
ders, such as sepsis, leading to a high number of un-
diagnosed cases (20). In addition to the challenges in 
recognizing and diagnosing HLH, the advent of sev-
eral new therapeutic strategies has presented new chal-
lenges in HLH management. To aid intensivists in the 
understanding of the pathobiology, recognition, diag-
nosis, and treatment of HLH, we created the following 
consensus guidelines, including statements specific for 
the ICU settings.
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METHODOLOGY

The following recommendations were formed by the 
Group on HLH Subtypes of the Histiocyte Society, 
which is an interdisciplinary committee of pediatric 
and adult hematologists/oncologists (n = 8), immu-
nologists (n = 2), critical care specialists (n = 4), and 
rheumatologists (n = 3) with HLH expertise. We based 
our consensus statements on relevant published stud-
ies and expert opinions. Each statement was issued the 
highest level of evidence represented by the National 
Health and Medical Research Council Evidence Design 
Framework (https://www.ncbi.nlm.nih.gov/books/
NBK121300/table/appb.t21/). The Society of Critical 
Care Medicine reviewed and endorsed these guidelines. 
Details outlining the consensus statement definitions 
and processes are fully described in the Supplementary 
Material (http://links.lww.com/CCM/G882).

CONSENSUS STATEMENTS  
AND RECOMMENDATIONS

Statement 1

“HLH (including MAS-HLH) is often difficult to dis-
cern from other hyperinflammatory disorders, in-
cluding sepsis, multiple organ dysfunction syndrome 
(MODS), and other cytokine storm syndromes. These 
entities represent varying degrees of hyperinflamma-
tion and underlying pathobiology. Patients meeting 
HLH criteria often have/exhibit one of the most severe 
forms of the critical care hyperinflammatory pheno-
types (strong consensus; level IV diagnostic accuracy).”

Hyperinflammation is a phenotype commonly 
observed in ICUs, which occurs in association with 
sepsis, MODS, systemic inflammatory response syn-
drome, cytokine release syndrome, and autoinflamma-
tory/autoimmune flares. These ICU-related disorders 
characterized by severe hyperinflammation include the 
newly described MAS-like sepsis or MAS-like MODS, 
also termed hyperferritinemic sepsis in children, in 
addition to HLH (21–23). More recently, immune dys-
regulation with cytokine storm was reported secondary 
to severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) infections (24–27). Similar to the path-
ophysiology of HLH, the severity of the hyperinflam-
matory phenotypes in ICUs most likely depends on the 
immune dysregulation type (i.e., cytotoxic dysfunc-
tion vs deficiency), its reversibility, and the presence 

of persistent or new infections (2, 12, 28). As reported 
for patients with MAS-like MODS, SARS-CoV-2 
infections, and HLH, patients with severe, persis-
tent hyperinflammatory phenotypes can benefit from 
immunomodulatory therapy (see statement 9) (22, 24).

Statement 2

“HLH should be suspected in all critically ill patients with 
unexplained or disproportionate inflammatory responses 
(e.g., fever, cytopenias, hyperferritinemia, hepatomegaly, 
splenomegaly, or coagulopathy). The suspicion for HLH 
should be further increased for cases of rapidly evolving 
MODS and inadequate responses to appropriate empiric 
treatment or escalating supportive care (Strong con-
sensus, level IV diagnostic accuracy).”

Taken together, the HLH-2004 criteria are valuable 
to diagnose HLH, although the individual parameters 
are nonspecific. Patients in critical care units who expe-
rience at least five of the HLH-2004 criteria (i.e., HLH 
phenotype; see statement 4) are most likely to have un-
controlled inflammation; therefore, suspicion for HLH 
should be raised. We define disproportionate inflamma-
tory responses or hyperinflammation as persistent fever 
with one of the following criteria: marked hyperferri-
tinemia (further discussed in statement 3), cytopenias,  
hepatomegaly and/or splenomegaly, or hemophago-
cytosis (3, 13, 19, 29). Further suspicion of HLH 
should be raised in patients with underlying malignant 
neoplasms or immunocompromised states (19, 29).  
Ideally, HLH should be suspected before decompen-
sation; however, HLH should be further considered 
in differential diagnoses when unexpected and rapid 
deterioration with evolving organ failure that does 
not respond to appropriate therapy (e.g., vasopressors, 
antimicrobial treatment, and aggressive supportive 
care) occurs (19, 20).

Statement 3

“Testing for HLH (e.g., ferritin, soluble interleukin [IL-2]  
receptor [sIL-2R], or complete blood count) should 
be initiated promptly in all ICU patients with unex-
plained hyperinflammation (strong consensus; level 
III-3 diagnostic accuracy).”

For those who meet criteria for disproportionate in-
flammatory responses, as described in statement 2, an 
initial HLH assessment is recommended, as outlined 
in Table  3 (4). Currently, no laboratory tests (except 

https://www.ncbi.nlm.nih.gov/books/NBK121300/table/appb.t21/
https://www.ncbi.nlm.nih.gov/books/NBK121300/table/appb.t21/
http://links.lww.com/CCM/G882
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flow cytometric studies and genetic testing for familial 
HLH) or physical findings specific to HLH are avail-
able. Both require interpretation according to pre-
viously published reports and consideration of the 
overall clinical presentation. The validity of each single 
criterion varies, and each is further described in detail 
in the Supplementary Material (http://links.lww.com/
CCM/G882), including common laboratory findings 
(Table 1), interpretation of functional and expression 
testing, and indications for genetic testing.

If HLH is suspected on the basis of a focused panel 
of tests, early consultations with an HLH expert (e.g., 
hematologist, oncologist, rheumatologist, or immu-
nologist) are recommended; however, if an HLH ex-
pert and/or final test results are not available, initiation 
of HLH-directed therapy must not be delayed while 
waiting for a final determination of an HLH diagnosis.

Statement 4

“Meeting five of the eight HLH-2004 diagnostic cri-
teria currently serves as a practical tool for HLH di-
agnosis. In certain circumstances such as MAS-HLH, 
other sets of diagnostic criteria may be applied (strong 
consensus; level IV diagnostic accuracy).”

The most widely used set of criteria are established in 
the HLH-2004 protocol (Table 1 for criteria and mecha-
nisms), in which HLH is defined by meeting at least five 
of the eight criteria. The HLH-2004 diagnostic criteria 
remain the standard for diagnosis of HLH and serve as 
a practical guide, particularly for pediatric patients, but 
have not yet been fully validated in adults (4). However, a 
recent threshold of four or more HLH-2004 criteria was 
found to be highly sensitive (95%) and specific (93%) for 
HLH diagnoses in adults admitted to ICUs, with improved 

TABLE 3. 
Diagnostic Tests in Hemophagocytic Lymphohistiocytosis (4, 30, 31)

Initial Recommended Test for HLH Workup

Tests for HLH-2004 criteria Complete blood count (with absolute neutrophil count)

Ferritin (with dilutions)

Triglycerides

Fibrinogen

Radiologic imaging for liver and spleen size, especially if not palpable on examination

Bone marrow aspirate

Soluble CD25 (soluble interleukin-2 receptor)a

Other helpful tests Alanine aminotransferase and asparate aminotransferase levels

Albumin

Bilirubin (direct and indirect)

Lactate dehydrogenase

C-reactive protein

Prothrombin time, activated partial thromboplastin time

Sodium level

Confirmatory tests for primary HLH

 Screening for primary HLH CD107a mobilization/degranulation assaya,b

Perforin expressiona,b

Signaling lymphocytic activation molecule–associated protein and XIAP expression  
in male patientsa,b

 Confirmation of primary HLH HLH genetic panel (PRF1, UNC13D, STX11, STXBP2, LYST, RAB27A, XIAP, 
SH2D1A, and NLCR4)

HLH = hemophagocytic lymphohistiocytosis, XIAP = X-linked inhibitor of apoptosis.
a May not be available at all institutions and may take several days for results. If some tests are not available, do not postpone the 
treatment but consider storing frozen serum and/or EDTA/heparin samples before treatment (including steroids).

b Results may not be available in patients with low absolute lymphocyte count but will still be accurate after given therapy.

http://links.lww.com/CCM/G882
http://links.lww.com/CCM/G882
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specificity when additional criteria were met (3). In line 
with these findings, initiation of therapy should be con-
sidered if four or more criteria are fulfilled, particularly 
if worsening organ dysfunction is evident. Additional 
laboratory findings that are not part of the HLH-2004 
criteria but are often found in cases of HLH and can fur-
ther support HLH diagnoses, such as transaminitis and 
hyperbilirubinemia, are listed in Table  1 (3, 4, 13, 32).  
In some forms of HLH, such as isolated HLH with CNS in-
volvement (CNS-HLH) (see Statement 6, Supplementary 
Material, http://links.lww.com/CCM/G882), five crite-
ria are never met, but a diagnosis can be later verified 
by HLH genetic testing (33). Other sets of criteria have 
been suggested, particularly for adult patients, such as the 
HScore in which parameters of the HLH-2004 criteria 
(sCD25– and NK-cell cytotoxicity, plus hepatomegaly and 
aspartate aminotransferase) are weighed according to se-
verity. Most importantly, the HScore in adults considers 
the presence of immunodeficiency/immunosuppression. 
The web-based HScore calculator is available at http://
saintantoine.aphp.fr/score/ (29). The HScore is particu-
larly helpful for HLH diagnoses in adult patients admit-
ted to ICUs, with high sensitivity (100%) and specificity 
(94%; reported cutoff 168) (3). For patients with systemic 
juvenile idiopathic arthritis (sJIA), a specific set of criteria 
is based on data from patients with sJIA and MAS-HLH, 
as well as control patients (7). Levels of ferritin, platelets, 
aspartate aminotransferase, triglycerides, and fibrin-
ogen were included in these criteria, however, at cutoff 
levels distinct from those of the HLH-2004 criteria (7). 
The sJIA criteria were primarily developed to differen-
tiate between flares of autoinflammation and MAS-HLH 
(Table  2). Additionally, distinct criteria are proposed 
for patients with systemic lupus erythematosus (SLE)-
related MAS, including the MAS/HLH score (8, 34).  
In other autoimmune and autoinflammatory conditions, 
no consensus guidelines on the classifying criteria for 
MAS are available.

Statement 5

“A thorough investigation of the underlying triggers of 
HLH is mandatory for the optimal treatment of HLH. 
Infectious triggers, predominantly viral and less com-
monly autoimmune or autoinflammatory triggers, 
span across all ages, whereas the likelihood of an un-
derlying malignant disease increases with age (strong 
consensus; level III-2 etiology).”

Establishing a broad workup for triggers is nearly as 
important as starting HLH-directed therapy because 
it may strongly affect treatment and prognosis. HLH 
in children and adults is commonly associated with 
infectious, autoimmune/autoinflammatory, or malig-
nant neoplasm triggers (5, 9). In children, other pre-
disposing conditions, such as immunodeficiencies and 
inborn metabolic diseases, are also described (5, 9).  
In adults, infectious and malignant disease triggers 
are the most frequent triggers within the general and 
ICU populations (9, 18). Adult cancer-associated 
HLH should always be considered, particularly with 
increasing age. Occult malignant disease, particularly 
evidence of lymphoma, should be suspected and ag-
gressively sought in the cases of HLH with an unknown 
trigger, as fully described by LaRosée et al (35) (9, 36).  
Evaluation must include testing for the viral infec-
tions commonly associated with HLH, including those 
caused by Epstein-Barr virus, cytomegalovirus, HIV, 
and, more recently, SARS-CoV-2, either alone or in 
the setting of opportunistic infections or malignant 
neoplasms (25, 37). Other infectious etiologies, such as 
bacterial, protozoal, and fungal pathogens, should also 
be considered (37). An evaluation for leishmaniasis 
and rickettsial diseases should be sought in endemic 
areas (35, 38). Notably, treatment of HLH in the setting 
of leishmaniasis is limited to liposomal amphotericin 
alone without the need for immunosuppression (37, 39).  
MAS-HLH occurs in both children and adults, pre-
dominantly in sJIA, adult-onset Still disease, SLE, and 
inflammatory bowel disease, and may be the initial 
presentation of these diseases (9, 40).

Statement 6

“CNS disease and unique pulmonary features may 
develop in patients with HLH/MAS-HLH. In ICU-
admitted patients with hyperinflammation, CNS 
manifestations should promptly initiate diagnostic 
evaluation for HLH. Severe pulmonary involvement 
is increasingly recognized, particularly in MAS-HLH 
(strong consensus; level IV etiology).”

CNS-HLH can be life-threatening and results in se-
vere morbidity. It is reported in 21% adults and 30–73% 
of children with HLH (17, 41–43). Therefore, high sus-
picion and rapid evaluation of possible CNS involve-
ment important in patients with hyperinflammatory 
symptoms and unexplained neurologic manifestations. 

http://links.lww.com/CCM/G882
http://saintantoine.aphp.fr/score/
http://saintantoine.aphp.fr/score/
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Typical clinical, laboratory, and radiologic findings are 
further described in the Supplementary Material (http://
links.lww.com/CCM/G882). The presence of neurologic 
symptoms, abnormal spinal fluid, and/or abnormal CNS 
radiology in patients with HLH is sufficient to determine 
CNS involvement (41–43). Early and intensive therapy 
consisting of systemic HLH-directed therapy (see state-
ment 9) can halt CNS inflammation (33, 42, 44, 45). If 
elevated intracranial pressure is present, it should be ag-
gressively managed per the standard of care.

Pulmonary findings in patients with HLH/MAS-HLH 
who are admitted to ICUs are frequent. Infectious causes 
are most common and should be investigated first (46).  
More recently, pulmonary arterial hypertension, inter-
stitial lung disease, and pulmonary alveolar proteinosis 
are reported in MAS-HLH (47–49). Pulmonary involve-
ment is a poor prognostic indicator (46, 47).

Statement 7

“Early and aggressive intensive interventions, such as 
broad-spectrum antibiotics, vasopressors, renal re-
placement therapy, mechanical ventilation, blood 
product replacement, and management of coagulop-
athy, are often required in HLH/MAS-HLH (strong 
consensus; level IV intervention).”

The recommended supportive care for patients with 
HLH is in accordance with the standard ICU guidelines 
for life-threatening diseases. Because patients with HLH 
often experience neutropenia with high fever and some 
may have concomitant bacterial infections at diagnosis, 
aggressive use of antimicrobials is indicated for the treat-
ment of suspected or proven infections. In addition to 
CNS and pulmonary manifestations, the predominance 
of liver dysfunction, fluid overload, coagulopathy, rapid 
deterioration, and high risk of MODS are unique to this 
patient population (13, 19, 44, 50). Coagulopathy in these 
patients is  multifactorial and secondary to thrombocy-
topenia, hypofibrinogenemia, hyperfibrinolysis, and dis-
seminated intravascular coagulation that often requires 
multiple blood products (e.g., fresh frozen plasma, plate-
lets, packed RBCs, and coagulation factors) (50, 51).  
The need for aggressive supportive therapy,  including 
mechanical ventilation (58–89%), vasopressors (often 
multiple; 43–90%), renal replacement therapy (17–75%), 
and extracorporeal life support (ECLS; 15–25% in adult 
cohorts), varies in different patient populations (13, 19, 50).  
Although these supportive therapies are often re-
quired, they are often not curative alone. Specific 

immunosuppressive therapies and targeted treat-
ments for the potential triggers are needed for ade-
quate treatment of patients with HLH (see statement 9)  
(13, 19, 50).

Statement 8

“HLH itself is not a contraindication for ECLS, which 
can be used in select patients as a bridge therapy until 
a response to an HLH-specific therapy and the under-
lying trigger is addressed (strong consensus; level IV 
intervention).”

According to the current limited evidence for using 
ECLS in patients with HLH, HLH itself is not a contra-
indication for the use of ECLS because both pediatric 
and adult HLH ECLS outcomes are similar to those in 
other cohorts with immunosuppression (13, 52–56).  
Careful assessment of the potential reversibility of 
MODs and the underlying HLH etiology (i.e., onco-
logic diagnoses, autoimmune disorders, or infection) 
requires a multisubspecialty approach to determine 
ECLS candidacy. In this cohort, venovenous ECLS may 
not be adequate, and some patients placed on venove-
nous ECLS may require conversion to a venoarterial 
circuit (52). The requirement for circuit anticoagulation 
may pose considerable risk for bleeding in patients with 
HLH due to refractory thrombocytopenia and coagu-
lopathy. Particular attention to fibrinogen repletion with 
the use of fibrinogen cryoprecipitates in patients with 
cogaulopathy is needed to reduce risk of bleeding while 
on ECLS (52). Hyperfibrinolysis, acquired clotting fac-
tor, and von Willebrand factor deficiencies can develop 
because of the extracorporeal circuit (57). Therefore, 
careful optimization of hemostasis and anticoagulation 
is mandatory to avoid excess clotting and/or bleeding. 
Ultimately, ECLS can serve only as a bridge, whereas the 
underlying causes or triggers of HLH and inflammation 
are treated. Importantly, HLH-directed therapies can be 
given to patients on an ECLS circuit, with consideration 
of their underlying renal function (13, 54–56, 58).

Statement 9

Our treatment recommendations are as follows:
1) Identification and treatment of the underlying etiology is a 

priority in the management of sHLH.
2) In treatment-naive ICU patients with sHLH and MAS-HLH 

that is not severe, persistent, or relapsing, steroid treatment 
with or without IV immunoglobulin is suggested.

http://links.lww.com/CCM/G882
http://links.lww.com/CCM/G882
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3) In familial HLH and in severe, persistent, or relapsing sHLH 
and MAS-HLH, prompt etoposide treatment adjusted for 
renal function and age is recommended, particularly in the 
cases with CNS involvement and/or other organ failure.

4) In patients with insufficiently responding MAS-HLH, the addi-
tion of IL-1 inhibition and/or cautiously dosed cyclosporine  
A is recommended (strong consensus; level IV intervention).

Treatment of sHLH in critically ill patients depends 
on many factors, including disease severity and the 

underlying HLH triggering factor(s). Prompt initiation 
of treatment directed at the underlying trigger is essen-
tial, with immediate additional immunosuppressive or 
immunomodulatory HLH-directed therapy (19, 59).  
The following section focuses on sHLH and MAS-
HLH. For treatment of familial HLH, see previous 
reports describing the HLH-94 and HLH-2004 treat-
ment protocols (17, 44, 58). Treatment of inflammation 
specifically related to SARS-CoV2 is not discussed.

TABLE 4. 
Organ Dysfunction in Secondary Hemophagocytic Lymphohistiocytosis/Macrophage 
Activation Syndrome-Hemophagocytic Lymphohistiocytosis Stratified by Severity  
and Response Criteria in ICUs According to Expert Consensus (19, 60, 61)

Proposed Severity of Secondary HLH in ICU-Admitted Patients

Therapy

See Statement 9 Text  
and Supplementary Material  

(http://links.lww.com/CCM/G882)  
for Recommendations

Mild No evidence of organ dysfunction except coagulation/
hematologic system

Treat underlying trigger; consider glucocorticoid 
therapy in case of rapid deterioration

Moderate Evidence of moderate organ dysfunction (SOFA or pSOFA 
score 2 or less per organ system excluding coagulation/
hematologic system)

Treat underlying trigger; strongly consider 
glucocorticoid therapy

Possible need for supplemental oxygen

Severe Evidence of severe organ dysfunction (SOFA or pSOFA 
Score 3 or more of at least one organ system excluding 
coagulation/hematologic system) and/or any need 
for organ replacement therapy due to organ failure, 
including positive-pressure ventilation, renal replacement 
therapy, vasopressors, and extracorporeal life support

Treat underlying trigger; glucocorticoid therapy; 
add etoposide or additional immunomodulatory 
therapy based on underlying disease

Proposed Response to Therapy

Therapy

See Statement 9 Text  
and Supplementary Material  

(http://links.lww.com/CCM/G882)  
for Recommendations

Response Improvement in ferritin, normalization of temperature, 
and clinical stabilization (i.e., no worsening organ 
dysfunction) within 48–72 hr after start of therapy

Continue full treatment of trigger; reassess 
disease daily, and wean therapy as tolerated

Nonresponse Lack of improvement in ferritin, persistent fever, and/or lack 
of clinical improvement > 48–72 hr after start of therapy

Reevaluate triggers to ensure they are treated; 
consider adding additional HLH-directed 
therapy

Progression Increasing ferritin and/or persistent fever > 48–72 hr 
after start of therapy. Increasing need for support of 
organ dysfunction (i.e., positive-pressure ventilation, 
renal replacement therapy, increasing blood product 
replacement, and/or need for vasopressors and 
extracorporeal life support) at any point

Aggressively reevaluate triggers to ensure they 
are treated; highly consider the addition of 
other or additional HLH-directed therapies

HLH = hemophagocytic lymphohistiocytosis, pSOFA = pediatric sequential organ failure assessment, SOFA = sequential organ failure 
assessment.
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Selecting the optimal treatment for sHLH/MAS-
HLH requires careful consideration of the under-
lying pathobiology and triggers, which may not be 
immediately evident in the ICU setting. Table 4 out-
lines the proposed severity of disease and response 
according to expert consensus. In mild sHLH cases, 
HLH-specific treatment is not mandatory, and the 

etiologic search can be prioritized. However, early 
treatments, such as steroids, are often valuable to 
stabilize the disease while further diagnostic work-
ups are being performed and should not be delayed 
in the cases of moderate sHLH; however, corticoste-
roids may make the diagnosis of hematologic can-
cers and autoimmune diseases more difficult. In 

TABLE 5. 
Recommended Therapies for Hemophagocytic Lymphohistiocytosis

HLH Type Severity Therapy

Primary and familial 
HLH

All Per Ehl et al (58) based on HLH-94 therapy (17, 68)

Secondary HLH Mild Consider addition of corticosteroid therapy (58)

Moderate Dexamethasone 10 mg/m2 daily divided every 12 hr (17, 58, 68) 
or equivalent methylprednisolone dosing (2 mg/kg/d) (58); 
consider addition of anakinra 2–10 mg/kg/d, divided in two to 
four daily doses (subcutaneous or IV) (22, 56, 62, 64, 65)

Severe, progressive, or refractory Addition of etoposide with dose reduction as follows  
(35, 66, 67)

 100 mg/m2 once weekly in older teens

 75 mg/m2 once weekly in adults

 50 mg/m2 once weekly in the elderly

 Renal dose reduction is recommended, per Ehl et al (58); 
dose reduction for hypoalbuminemia, hyperbilirubinemia 
alone, other evidence of liver dysfunction, and/or cytopenias 
is not recommended (58)

Macrophage activation 
syndrome-HLH

Mild Steroids (such as methylprednisolone 30 mg/kg/d with max 
1 g/d, for 3–5 d) with or without IVIG (69)

Moderate Consider addition of anakinra (dosing as above) and/or 
cautiously dosed cyclosporine (2 mg/kg/d in two divided 
doses aiming for serum levels of 100–150 ng/mL) and/or 
consideration of tocilizumab (35, 62, 70)

Severe, progressive, or refractory Consider addition of etoposide or cyclophosphamide (63, 69)

Malignancy-associated 
HLH

HLH-triggered organ damage 
(e.g., cytopenias, cholestatic 
icterus, pulmonary infiltrates, 
encephalopathy, or renal failure)

Two-step approach (11, 67)

 Etoposide (75–100 mg/m2), corticosteroids, and IVIG

 Once stabilized, start cancer-directed therapy

Additional  
Therapies Agent Indication

Adjunctive therapies IVIG (18, 35, 56) General anti-inflammatory and antiviral effects

Plasmapheresis (71) Anti-inflammatory effects; use with caution if giving  
a monoclonal antibody

Cytokine adsorption columns (72) Anti-inflammatory effects

Salvage therapies 
and agents under 
investigation

Alemtuzumab (73) These agents have some evidence for specific use in HLH. 
Please see Supplementary Material (http://links.lww.com/
CCM/G882) for list of current clinical trials

Tocilizumab (74)

Emapalumab (75)

Ruxolitinib (76–79)

HLH = hemophagocytic lymphohistiocytosis, IVIG = IV immunoglobulin.
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moderately severe sHLH, daily administration of dex-
amethasone (10 mg/m2 divided over 12-hr periods) or 
methylprednisolone (2 mg/kg/d) or pulsed methylpred-
nisolone for MAS-HLH (30 mg/kg/d, maximum 1 g/d)  
can suffice. In nonresponsive MAS-HLH, IL-1 
blockade with anakinra and/or etoposide can be 
added (62, 63). IL-1 blockade with anakinra can also 
be used for other forms of HLH and is associated with 
reduced mortality in patients with sepsis and features 
of sHLH (22, 56, 62, 64, 65). Dosing for anakinra in 
these settings is variable, with doses of 2–10 mg/kg/d 
divided in 2–4 daily doses (subcutaneous or IV) and 
up to 2 mg/kg/hr given as a continuous infusion for 
72 hours (22, 56, 62, 64, 65). In severe, nonresponsive, 
or progressive sHLH and MAS-HLH, particularly in 
the cases with CNS involvement and/or worsening 
HLH-triggered organ dysfunction, prompt addition 
of age-adjusted etoposide treatment is recommended.  
In contrast with the HLH-94 and HLH-2004 treatment 
protocols designed for children with primary HLH, 
etoposide reduction should be considered for older 
teenagers (100 mg/m2 once weekly), adults (75 mg/m2  
once weekly), and elderly patients (50 mg/m2 once 
weekly) with sHLH to reduce myelotoxic effects in 
these cohorts (35, 66, 67). Some patients may require 
twice weekly etoposide dosing according to the re-
sponse and treatment duration. Recommendations 
for etoposide dose adjustments, treatment of cancer-
associated HLH, use of adjunctive therapies, and a list 
of salvage agents and therapies under further investi-
gation are included in Table 5 and the Supplementary 
Material (http://links.lww.com/CCM/G882).

In contrast with that of patients with familial HLH, 
many patients with sHLH do not require a full 8-week 
treatment course, as described in the HLH-94 and 
HLH-2004 protocols. The length of therapy is, how-
ever, suggested to be evaluated weekly and tailored to 
the patients and underlying triggers (35). Trending 
ferritin levels and sIL-2R if available can help to de-
termine disease activity (80, 81). In general, therapy 
should be continued for the least amount of time pos-
sible to prevent prolonged immunosuppression and 
secondary infections but continued until ferritin and/
or sIL-2R levels have decreased and stabilized and 
the patients show progressive clinical improvement. 
Patients should be monitored closely for relapse of 
disease when weaning or after discontinuing therapy. 
Antimicrobial prophylaxis and regular screening for 

Candida, Aspergillus, Pneumocystis, and Herpesviridae 
infections, per institutional guidelines, are advised.

CONCLUSIONS

Treating HLH in the critically ill, including patients 
with sepsis, remains a challenge. HLH is becoming 
more widely recognized in ICUs, but early recognition 
of the disease and its diagnosis is limited, and defini-
tions of the severity of disease need to be validated. 
Nevertheless, early initiation of HLH-directed immu-
nomodulatory therapy in combination with treatment 
for the underlying disease can be lifesaving. Similar to 
sepsis, the heterogeneity of HLH has led to increased 
complexity in defining its therapies. Further prospec-
tive trials are needed to determine optimum therapies 
in different patient populations with HLH, including 
the use of biologics and other novel therapies.
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