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, Abstract—Background: Hemophagocytic lymphohistio-
cytosis (HLH) is a life-threatening hematologic disorder re-
sulting from an ineffective and pathologic activation of the
immune response system that may mimic common emer-
gency department presentations, including sepsis, acute
liver failure, disseminated intravascular coagulation, and
flu-like illnesses such as coronavirus disease 2019 (COVID-
19). Objective: This narrative review provides a summary
of the disease and recommendations for the recognition
and diagnostic evaluation of HLH with a focus on the emer-
gency clinician. Discussion: Though the condition is rare,
mortality rates are high, ranging from 20% to 80% and
increasing with delays in treatment. Importantly, HLH has
been recognized as a severe variation of the cytokine storm
associated with COVID-19. Common features include a his-
tory of infection ormalignancy, fever, splenomegaly or hepa-
tomegaly, hyperferritinemia, cytopenias, coagulopathies,
abnormal liver enzymes, and hypertriglyceridemia. Using
specific features of the history, physical examination, labora-
tory studies, and tools such as the HScore, HLH-2004/2009,
and hyperferritinemia thresholds, the emergency clinician
can risk-stratify patients and admit for definitive testing.
Once diagnosed, disease specific treatment can be initiated.
Conclusion: This review describes the relevant pathophysi-
ology, common presentation findings, and a framework for
t available from the authors.

ptember 2020; FINAL SUBMISSION RECEIVED: 4 Ja
bruary 2021

1

risk stratification in the emergency department. Pub-
lished by Elsevier Inc.

, Keywords—COVID-19; cytopenia; hemophagocytic
lymphohistiocytosis; hepatosplenomegaly; HLH; hyperfer-
ritinemia; immunology

CLINICAL SCENARIO

A 45-year-old man with a history of testicular cancer pre-
sents with fever, shortness of breath, and myalgias. He is
febrile to 39�C and tachycardic to 118 beats/min. On
abdominal examination, the patient is noted to have
generalized tenderness and splenomegaly. Chest radiog-
raphy reveals a right-sided consolidation, and laboratory
assessment reveals anemia, thrombocytopenia, hypoalbu-
minemia, elevated aminotransferase levels, elevated bili-
rubin, and elevated D-dimer. Subsequent testing
demonstrates prolonged partial thromboplastin time and
international normalized ratio.
INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is an un-
common but deadly disease that requires a high degree
nuary 2021;
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of suspicion. Unfortunately, as the clinical scenario sug-
gests, it can present with nonspecific signs and symptoms,
delaying diagnosis and definitive management. Common
features of HLH include fever, splenomegaly, hyperferri-
tinemia, cytopenias, coagulopathies, abnormal liver en-
zymes, and hypertriglyceridemia. The presentation may
mimic common emergency department (ED) presenta-
tions, including sepsis, acute liver failure, disseminated
intravascular coagulation, and flu-like illnesses such as
coronavirus disease 2019 (COVID-19). Diagnostic evalu-
ation tools have been established to risk-stratify patients,
and the majority of necessary screening can be initiated in
the ED if the clinician recognizes HLH as part of the dif-
ferential diagnosis (1). While much of the initial manage-
ment is standard resuscitation for underlying
precipitating factors, disease-targeted therapies can be
considered early if discussion with a hematologist is initi-
ated (2). By increasing awareness, understanding the pa-
thology, and developing a thoughtful approach to
screening and early management, emergency clinicians
can play an important role in HLH diagnosis and treat-
ment.

The underlying pathology of HLH is a malignant over-
response of the inflammatory system resulting in hyper-
active macrophages, lymphocytes, cytokine activity,
hemophagocytosis, and life-threatening multiorgan fail-
ure (3,4). Despite these complexities, the syndrome of
HLH can be investigated without specialized testing or
tools, and evaluation algorithms have been developed to
guide use of definitive testing. These pathways for recog-
nition can be initiated in the ED to aid in the admission to
an appropriate medical service, expedite definitive
testing, consultation with hematology, and prompt
consideration of aggressive management, such as cortico-
steroids and chemotherapeutic agents.

METHODS

This is a narrative review of adult HLH in the context of
the initial ED evaluation in undiagnosed adult patients.
We conducted a literature review of PubMed and Google
Scholar using keywords of ‘‘hemophagocytic lymphohis-
tiocytosis,’’ ‘‘HLH,’’ ‘‘macrophage activation syndrome,’’
and ‘‘cytokine release syndrome,’’ from 2002 to May
2020. In a PubMed.gov search for article containing the
specific phrases ‘‘adult’’ and ‘‘hemophagocytic lympho-
histiocytosis,’’ there were approximately 6 results in the
years 2000 to 2001 and 183 results in 2018 to 2019, rep-
resenting an increase in awareness and reporting of this
disease. We evaluated retrospective and prospective
studies, systematic reviews and meta-analyses, other
narrative reviews, and case reports and series. Authors
also reviewed guidelines and supporting citations of
included articles. Given the limited availability of ran-
domized controlled trials and prospective studies, we
used retrospective studies, case reports, and other narra-
tive reviews in addition to expert consensus guidelines.
We decided on the inclusion of studies through consensus
and included a total of 49 resources: 6 systematic reviews,
3 registry survey studies, 16 retrospective studies and
case reports, 9 expert commentaries or editorial, 6 narra-
tive reviews, 1 validation of a scoring tool, 3 expert
consensus guidelines, and 5 commentaries on the
possible connection to the evolving understanding of
COVID-19.
DISCUSSION

Epidemiology

The exact incidence of HLH remains unknown, particu-
larly in the adult population in whom literature, until
recently, has been sparse. Acquired forms of the condi-
tion overlap with symptoms of many underlying comor-
bidities, contributing to ambiguity in true incidence
figures. The published literature suggests an incidence
of approximately 1.2 to 1.5 per million, largely composed
of pediatric cases (5–7). Adult disease incidence is
challenging to establish because of overlap with other
hematologic abnormalities. For example, macrophage
activation syndrome is a subtype of HLH caused by an
autoimmune/rheumatologic process, though discussion
continues as to whether these may actually be distinct
entities (8). In addition, HLH may represent a spectrum
of disease processes, making the diagnosis challenging
(9).

HLH is an underrecognized disease entity, but a
rapidly developing body of adult and pediatric literature
is emerging. In 1 registry study, 21.8% of HLH diagnoses
were made >21 days after the initial patient presentation,
potentially worsening patient prognosis (10). In addition,
recent evidence suggests coronaviruses, such as Middle
East respiratory syndrome may lead to HLH or similar
syndromes (11). Given the recent outbreak of COVID-
19, an improved understanding of these entities is salient
to current practice (12).

Pathophysiology

HLH is a hematologic disorder resulting from overactiva-
tion of the immune response system; this hyperactive
state is ineffective and pathologic, resulting in systemic
harm (3). In normal physiology, natural killer (NK) cells
are key initiators of a cytotoxic immune response. In
HLH, this NK cell activity is impaired, and the ineffective
NK cell response overactivates macrophages and cyto-
toxic T cells, specifically CD8+ T cells. These T cells
and macrophages then begin to phagocytize other cell

http://PubMed.gov
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lines (2). In addition, the T cells and NK cells release cy-
tokines, causing a severe inflammatory reaction that can
present with a wide spectrum of clinical features
(Figure 1).

HLH can broadly be categorized as primary (pHLH;
inherited or genetic) or secondary (sHLH). pHLH is
most commonly identified in infancy caused by an under-
lying genetic factor, while sHLH most often occurs as a
result of a significant physiologic stressor (4). Several
genes have been identified in association with pHLH;
these mutations affect genes involved in cytotoxic activ-
ity (2). All prospective studies to date in HLH have been
completed in pediatric pHLH populations (3). pHLH is
nearly universally fatal without treatment, which includes
etoposide and dexamethasone (2). Etoposide is a chemo-
therapy agent that inhibits topoisomerase II and is
frequently used in the treatment of lung cancer. The use
of etoposide and dexamethasone was described in the
HLH-94 with the addition of cyclosporine to the HLH-
2004 therapeutic guidelines (13–15). These medical
therapies may be followed by allogeneic bone marrow
transplantation depending on risk of recurrence or
response to therapy (2). The interleukin-1 antagonist ana-
kinra has also been investigated in adult patients with
sHLH (16).

In contrast, sHLH is most commonly associated with
malignancy (typically hematologic malignancies), infec-
tion, or autoimmune disorders (10). Systemic lupus ery-
thematosus, adult-onset Still disease, and juvenile
rheumatoid arthritis are commonly associated with
HLH, while rheumatoid arthritis and ankylosing spondy-
litis are less frequently associated with the disease. The
most commonly associated malignancy associated with
sHLH is lymphoma (both B- and T-cell lymphomas),
while several infectious associations have also been iden-
tified, including viruses (Epstein–Barr virus, adenovirus,
parvovirus B19, HIV, and hepatitis B and C), bacteria
(Ehrlichia spp., Bartonella spp., and mycobacteria),
fungal infections (histoplasma), and parasites (toxo-
Figure 1. Suspected mechanism of hemophagocytic lymphohistio
plasma) (17–19). Severe immunodeficiency states are
also associated with development of HLH, including
HIV, transplant patients, and those taking
immunosuppressive medications (17–19). In sHLH,
management of the underlying condition is the
mainstay of therapy, with the addition of corticosteroid
therapy (3). When sHLH is refractory to correction of
the underlying condition, pediatric regimens for pHLH
are often used (3). The mortality from sHLH is difficult
to estimate, but mortality in the first month can be as
high as 44%, and overall mortality may be 50% to 75%
(2).

Initial Evaluation

The primary challenge for the emergency physician is
considering this specific disease entity, as its presentation
can be nonspecific. Other conditions that appear similar
to HLH or that present concurrently with HLH include
sepsis, severe liver disease, toxic ingestion, catastrophic
antiphospholipid syndrome, and drug rash with eosino-
philia and systemic symptoms. Figure 2 is a proposed
schema for approaching this evaluation based on the
best available evidence for clinical presentation of adults
diagnosed with HLH and risk stratification based on lab-
oratory findings. This is not a validated algorithm but a
rather a proposed guide for the ED setting based on the
following evidence for diagnostic criteria and clinical
presentations.

The first important step is resuscitation, followed by a
targeted medical history if possible. Infection and malig-
nancy are commonly present in sHLH. A registry study
found that approximately 35% of patients with HLH
had a known malignancy, and 44.5% were found to
have an infection (10). Of these infection-associated
cases, viral causes were the single largest group
(28.5%) (10). These patients were noted to be at high
risk of developing HLH, specifically in those with HIV
(10). Epstein–Barr virus was identified in 15.3% of
cytosis pathophysiology. NK = natural killer.



4 K. Morrissette et al.
patients and was the most commonly isolated virus in
infection related cases (10).

The physical examination should also include specific
attention to high-risk features that could distinguish
sHLH from alternative diagnoses. While these patients
can present with nonspecific signs and symptoms, notable
high-risk features include fever, splenomegaly, hepato-
megaly, central nervous dysfunction (e.g., altered mental
status, ataxia, dysarthria, seizures), and pulmonary symp-
toms, such as hypoxemia (20). Much of the information
regarding physical examination characteristics come
from a registry study of 137 patients with HLH and retro-
spective case reviews (10,21). Fever >38.5�C was re-
ported in 90% to 98% of patients with HLH and is
often refractory to antibiotics (10,21,22). Despite the
near ubiquity of fever in HLH, the prevalence of fever
in many inflammatory states limits the utility of fever as
a discriminatory element. Splenomegaly occurs in
approximately 86% of patients with HLH, and hepato-
megaly is identified in approximately 61% (10,23). Coa-
gulopathies are common in patients with HLH, with
disseminated intravascular coagulation reported in 32%
(10). Neurologic complications, such as altered mental
status, ataxia, dysarthria, or seizures, may occur in 31%
(10). Pulmonary involvement, defined as ‘‘respiratory
insufficiency,’’ was documented in 33% of registry pa-
tients, though like other features this is not specific to
HLH (10). Lymphadenopathy was also present in 33%
Figure 2. Suggested emergency department (ED) workflow to eva
of patients (10); however, recommendations from the
North American Consortium for Histiocytosis recognize
that lymphadenopathy is not common and likely suggests
another disease entity (20). Shock, acute respiratory
distress syndrome, acute kidney injury, and multiorgan
failure may occur. Therefore, HLH should be considered
in patients with fever, splenomegaly, hepatomegaly, and
central nervous system or pulmonary dysfunction.

Laboratory testing can assist clinicians in evaluating
for HLH in the ED. The complete blood cell count will
demonstrate depression in most cell lines (anemia, leuko-
penia, and thrombocytopenia). Cytopenias in$2 lineages
were present in 73% of patients in 1 study, including
thrombocytopenia (82%) and anemia (73%) (10). Liver
enzyme elevation often occurs early, and while sensitive
with alanine aminotransferase elevation in 85% of pa-
tients with HLH, it is not specific (9,24). Bilirubin eleva-
tion and hypertriglyceridemia may also be present (20).
Macrophage activation increases fibrinolysis, which can
lead to elevated D-dimer, low fibrinogen, and prolonged
coagulation panel results (24).

More specialized laboratory testing can be obtained if
available, which can improve diagnosis. Ferritin can pro-
vide important information, as it is regulated by cytokines
and secreted by splenic macrophages, acting as an acute
phase reactant (25). The normal range for ferritin varies
by laboratory cutoffs but is generally 10 mg/L to
250 mg/L. Values as low as 500 mg/L have been used to
luate potential hemophagocytic lymphohistiocytosis (HLH).
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risk stratify for HLH (1,14). However, this is primarily
based on pediatric literature, and there are a variety of
causes of ferritin elevation, including hemolysis, iron
overload, liver disease (i.e., cirrhosis and hepatitis), renal
failure, and systemic inflammation (i.e., infection, malig-
nancy, rheumatologic disease, etc) (25–30). A
retrospective study identified 2623 critically ill patients
with hyperferritinemia, 40 of whom were diagnosed
with HLH. The authors suggest a ferritin cutoff of
9083 mg/L, which yielded a 92.5% sensitivity and
91.9% specificity in predicting sHLH in an adult
intensive care unit population (23). Other laboratory find-
ings include decreased fibrinogen and hypertriglyceride-
mia without specific threshold values agreed upon at this
time (1). Ferritin levels alone should not be used for diag-
nosis, but significantly elevated values in combination
with other factors (i.e., fever, splenomegaly, and cytope-
nias) support the diagnosis.

Lumbar puncture may be performed to evaluate for
meningitis or encephalitis, as patients can present with fe-
ver, headache, and toxic appearance (9). However, HLH
is associated with the hemorrhagic form of disseminated
intravascular coagulation, which can increase the risk of
bleeding. If patients demonstrate coagulopathy, reduced
fibrinogen, or thrombocytopenia, lumbar puncture should
likely be avoided. If performed, cerebrospinal fluid may
demonstrate lymphocytic pleocytosis and elevated pro-
tein levels, which are nonspecific findings.

Previously Developed Diagnostic Metrics

History, examination, and laboratory findings have been
structured into several scoring tools. The first is known
as the HLH-2004 Diagnostic Guidelines and includes
many features described as well as definitive molecular
Table 1. HLH-2004 Guidelines for HLH Diagnosis (14)

The Diagnosis of HLH can be Establis

Criterion 1
A molecular diagnosis consistent with HLH

Criterion 2
Diagnostic criteria for HLH fulfilled (5 of the 8 criteria below)

Fever
Splenomegaly
Cytopenias (affecting $2 of 3 lineages in the peripheral blood)

Hemoglobin <90 g/L (hemoglobin <100 g/L in infants <4 wee
Platelets <100 � 109/L
Neutrophils <1.0 � 109/L

Hypertriglyceridemia or hypofibrinogenemia
Fasting triglycerides $3.0 mmol/L ($265 mg/dL)
Fibrinogen #1.5 g/L

Hemophagocytosis in bone marrow or spleen or lymph nodes (n
Low or no NK cell activity (according to local laboratory referenc
Ferritin $500 mg/L
sCD25 (soluble IL-2 receptor) $2400 U/mL

HLH = hemophagocytic lymphohistiocytosis; NK = natural killer.
testing (i.e., genetic confirmation) and laboratory values
that are not often available in the ED, such as soluble
CD25 and NK cell activity levels and tissue biopsy
(Table 1) (14). The 2004 criteria were also developed
for use in pediatric HLH and have not undergone valida-
tion in an adult population. These criteria were modified
in 2009, which resulted in increased sensitivity but
reduced specificity (Table 2) (31). The HScore includes
risk stratification guidance but requires a bone marrow
aspiration for complete evaluation (Table 3) (1,32). In
addition, a decision tree based on hyperferritinemia levels
has been proposed as an additional screening tool to
differentiate hyperferritinemia of sepsis from that of
HLH; however, this tool has not been externally validated
(33). The authors of this decision tree suggest that a
ferritin level >2000 mg/L in a patient with fever, cytope-
nias, and splenomegaly should prompt investigation for
HLH (33).

Figure 2 is a compilation of these assessment tools
broken into a stepwise approach that can be achieved in
most ED settings. Though all measurements are not
part of routine ED evaluations, these assessments may
facilitate early detection of patients who are most at
risk for HLH. By referencing this flow chart and tools
such as the HScore, HLH-2004/2009, and hyperferritine-
mia thresholds, the emergency clinician can risk-stratify
patients to advocate for expedited definitive testing,
which may include procedures such as obtaining a bone
marrow biopsy specimen and treatment directed at both
the underlying cause and HLH specific management.

ED Management and Disposition

Once a patient has been identified as being at high risk for
HLH, or if the emergency clinician suspects HLH, the
hed if Criterion 1 or 2 is Fulfilled

ks)

o evidence of malignancy)
e)



Table 2. Modified 2009 Hemophagocytic Lymphohistiocytosis Criteria (31)

$3 of the following:
Fever
Splenomegaly
Cytopenia of $2 cell lines (hemoglobin, platelets, or absolute neutrophil count)
Hepatitis

$1 of the following:
Ferritin elevation
Elevated soluble CD25
Hemophagocytosis on tissue biopsy specimen
Low/absent natural killer cell activity

Other supporting features, but not required
Hypertriglyceridemia
Hypofibrinogenemia
Hyponatremia
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patient should be admitted, likely to the intensive care
unit setting with hematology consultation if available.
The hematologist can assist with further testing and man-
agement strategies. Transfer to a center with hematology
Table 3. The HScore and Probabilities of HLH Based on the Score

Finding

Known underlying immunosuppression
(HIV or receiving long-term
immunosuppressive medications)

Temperature (�C)

Organomegaly

No. of cytopenias
Hemoglobin level of #9.2 g/dL or
Leukocyte count of #5000 cells/mm3/or
Platelet count of #110,000/mm
Ferritin (mg/L)

Triglycerides (mg/dL)

Fibrinogen (mg/dL)

Aspartate aminotransferase (U/L)

Hemophagocytosis features on bone
marrow aspirate

HScore at representative intervals

90
150
170
190
200
210
240
250

HLH = hemophagocytic lymphohistiocytosis; NK = natural killer.
availability may bewarranted to assist with further testing
and treatment. The first-line treatment for sHLH is man-
agement of any underlying condition, but early recogni-
tion of HLH from the ED may help expedite
(1,32)

No. of Points

No (0 points)
Yes (18 points)

<38.4 (0 points)
38.4–39.4 (33 points)
>39.4 (49 points)
No (0 points)
Hepatomegaly or splenomegaly (23
points)
Hepatomegaly and splenomegaly (38
points)
1 lineage (0 points)
2 lineages (24 points)
3 lineages (34 points)

<2000 (0 points)
2000–6000 (35 points)
>6000 (50 points)
<132.7 (0 points)
132.7–354 (44 points)
>354 (64 points)
>250 (0 points)
<250 (30 points)
<30 (0 points)
>30 (19 points)
No (0 Points)
Yes (35 points)

Probability of HLH (%)

<1
25
54
80
88
93
99
>99
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communication with the hematology specialist, promote
definitive testing, and expedite access to targeted thera-
pies. For an underlying malignancy, chemotherapy may
be needed, while antimicrobial therapy is needed for sus-
pected infection with or without systemic corticosteroids
or other immunosuppressive regimens. Corticosteroids
are the foundation of therapy for HLH, though other tar-
geted therapies included anakinra (interleukin 1 antago-
nist), ruxolitinib (Janus kinase inhibitor), and etoposide
(14,24,34–38). Though corticosteroids are considered
first-line therapy for confirmed cases, these do not need
to be started in the ED and should be discussed with the
hematology specialist before use, because corticosteroids
can mask alternate diagnoses, such as lymphoma. Emer-
gency clinicians should focus on managing the underly-
ing condition and discussion with the hematology
specialist.

HLH and COVID-19

The incidence of true sHLH in COVID-19 remains
debated. While there is a striking overlap in features of
severe COVID-19 and the HLH syndromes, key diag-
nostic criteria such as cytopenias are less common than
expected in HLH (39,40). Cytokine storm has been recog-
nized in COVID-19 as contributing to many conditions
that mimic rheumatologic conditions (41). The inflamma-
tory cascade has been postulated to be a primary cause of
capillary leakage, coagulopathies, and even death (42–
44). In addition, the degree of inflammatory
dysregulation has been identified as a marker of disease
and viral burden; likely, a complex combination of
these factors contributes to the development of sHLH in
COVID-19 (40,45–47). In addition, genes associated
with pHLH were identified as related to inflammatory
dysregulation in severe H1N1 influenza, and it is
possible that these genetic factors contribute to
variability in the COVID-19 inflammatory response as
well (48,49). This suggests that identification of features
of HLH in a patient suspected of having COVID-19 may
be associated with disease severity, whether this is caused
by underlying genetic features or a symptom of viral pro-
gression (48).

CONCLUSIONS

HLH is a dangerous yet underrecognized disease entity.
Emergency clinicians can serve a critical role in the
prompt recognition and initiation of appropriate testing
to expedite treatment. Severe COVID-19 infections may
present with features of HLH and should prompt early
evaluation for this highly fatal complication. There re-
mains a significant need for data collection and study
on the adult disease population, subpopulations of
malignancy-associated cases, genetic variants, and
viral-mediated cytokine release syndromes. An increased
awareness of HLH will likely contribute to improved un-
derstanding of physiology and improve outcomes over
time.
CLINICAL BOTTOM LINE

Further testing reveals elevated ferritin and decreased
fibrinogen. The clinical presentation and diagnostic
studies suggest pneumonia with HLH. The patient has
received fluid resuscitation and broad-spectrum antibi-
otics. The physician recognizes the potential diagnosis
of HLH and speaks with the intensive care specialist
and hematologist, who recommend admission to the
intensive care unit for further testing and continued resus-
citation.
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ARTICLE SUMMARY

1. Why is this topic important?
Hemophagocytic lymphohistiocytosis (HLH) is a con-

dition associated with high mortality that increases with
a delay in diagnosis, and the clinical presentation overlaps
with several common syndromes seen in the emergency
department (ED). However, ED evaluation for this disease
has not previously been addressed in the emergency med-
icine literature.
2. What does this review attempt to show?

This review provides a summary of HLH and an
approach to the recognition of HLH in the ED.
3. What are the key findings?

Several factors from the history, examination, and lab-
oratory studies can suggest the disease. Common features
include a history of infection or malignancy, fever, spleno-
megaly or hepatomegaly, hyperferritinemia, cytopenias,
coagulopathies, abnormal liver enzymes, and hypertrigly-
ceridemia. Once diagnosed, disease-specific treatment
can be considered, along with hematology consultation.
4. How is patient care impacted?

Consideration of HLH with appropriate evaluation in
the ED and specialist consultation can assist with ED
diagnosis of this dangerous condition.




