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Purpose: To determine the clinical manifestations and results of adult hemophagocytic
lymphohistiocytosis (HLH) patients in our emergency department.

Methods: We retrospectively evaluated patients with HLH from 1 April 2018 to
31 December 2020. The clinical data of these patients (basic information, symptoms, vital
signs, laboratory results, HLH diagnostic criteria, H Score, main treatments, outcomes) were
collected.

Results: Thirty-three patients (23 males and 10 females; 40.55+18.78 years) with 34 clinical
episodes (one male had two clinical episodes and died during the second episode) were
enrolled. Twenty-five patients were placed in a “survivor” group, and nine patients were
categorized into a “deceased” group. Fever, splenomegaly, hemoglobin <90 g/L and platelet
count <100x10°/L most commonly met the diagnostic standard for HLH. The H Score results
in the survival group and deceased group was 212.4+37.18 and 252.1£40.95, respectively.
Viral infection was the most common reason for HLH, followed by immune-system disease
and cancer. Laboratory tests showed that deceased-group patients had multiple-organ dys-
function. Multivariate logistic regression showed that the lactate dehydrogenase (lactate
dehydrogenase) level (P = 0.039; odds ratio, 0.999) was significantly related to death.
Conclusion: In the emergency department, HLH should be considered for critically ill
patients with fever, splenomegaly, low hemoglobin and low platelet count. The H Score
might be useful to diagnose HLH quickly. In our study, 26.47% of HLH patients died in the
emergency department, and patients with a significantly increased lactate dehydrogenase
level had a markedly increased risk of death.

Keywords: clinical characteristics, hemophagocytic lymphohistiocytosis, emergency
department, mortality, lactate dehydrogenase

Introduction

Hemophagocytic lymphohistiocytosis (HLH, also termed “hemophagocytic syn-
drome”) is a rare, immune-mediated life-threatening disease with an estimated
yearly incidence in Japan of 1/800,000 people." HLH is a group of clinical
syndromes with various symptoms, involves multiple tissues and organs, and is
caused by primary or acquired immune abnormalities.”> A pathologic feature of
HLH is a nonspecific “storm” of proinflammatory cytokines such as interferon-v,
interleukin (IL)-1, and IL-6, and the compensatory downregulating cytokine IL-10
activating macrophages, natural killer (NK) cells, and cytotoxic T lymphocytes to
mediate damage to multiple tissues and organs.”* Eventually, the natural course of
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HLH leads to multiple-organ dysfunction, and the main
clinical manifestations are persistent fever, hepatomegaly,
splenomegaly, pancytopenia, coagulopathy, and hemopha-
gocytosis in the bone marrow, liver, spleen, and lymph-
node tissues.” Unfortunately, only 10% of HLH patients
survive if they do not receive immunochemotherapy;4 the
overall mortality rate of all reason caused HLH is 26.5%
to 74.8%,° however, in study with main malignancy
related HLH, the mortality will be higher than in study
with more infectious/autoimmune HLH,6 and 30.8% die
rapidly within 2 months after diagnosis even when the
patients receive chemotherapy.’

HLH was first recognized to be familial in infants in
1952.% However, although most cases are children, it has
been demonstrated that HLH can occur at any age, and
40% of HLH cases occur in adults." Therefore, most
clinical guidelines and clinical trials have focused on
pediatric patients. Also, the diagnostic and therapeutic
guidelines for the pediatric HLH-2004 protocol have also
been adopted widely in adult patients with HLH.’

Traditionally, HLH has been divided into primary
(genetic) and secondary (reactive) subtypes according to
the cause of disease. Secondary causes are subclassified as
infection (most are viral), autoimmune, or tumor-related.”
However, some degree of genetic predisposition may also be
implicated in secondary HLH because monoallelic muta-
tions or polymorphisms of genes have been detected in
some patients with classical secondary HLH.'® Most cases
of HLH in adults for which a clear trigger can be identified
are associated with a secondary cause,'' and familial HLH
may be also triggered by infection or autoimmune disease.'”

HLH can involve multiple tissues and organs and has
various symptoms, so obtaining a rapid and accurate diag-
nosis at the early stage is difficult because HLH patients
mostly have high fever, fatigue caused by anemia, bleed-
ing tendency (eg, gastrointestinal) and skin ecchymosis.
Initially, HLH patients may visit the emergency depart-
ment (emergency department) for medical help and then
be transferred to a specialist ward. However, no study has
reported the clinical manifestations and treatment results
of adult HLH patients in the emergency department, and
we sought to bridge this gap in the literature.

Methods

Ethical Approval of the Study Protocol
The study protocol was approved (202101020) by the
ethics committee of Xiangya Hospital of Central South

University (Changsha, China). The study protocol com-
plied with the guidelines enshrined in the Declaration of
Helsinki 1964 and its later amendments. The data in the
present study were retrospective and anonymous, so the
requirement for written informed consent was waived.

Study Design

We retrospectively evaluated patients with HLH admitted
to the Department of Emergency Medicine in Xiangya
Hospital of Central South University from 1 April 2018
to 31 December 2020. Enrolled patients were those diag-
nosed with HLH for the first time in our emergency
department or had a confirmed diagnosis with acute severe
illness that necessitated urgent treatment in our emergency
department.

Diagnostic Criteria

All enrolled patients satisfied the established diagnostic
criteria for HLH:® (1) a molecular diagnosis consistent
with the pathologic mutations of PRF1, UNCI3D,
STXBPI1, RAB27A, STX11, SH2D1A, or XIAP; (2) meet-
ing five of the following criteria: (i) body temperature
>38.5°C; (ii) splenomegaly; (iii) cytopenia affecting at
least two of three cell lineages in peripheral blood, ie,
hemoglobin <90 g/L, platelet count <100x10%/L, neutro-
phil count <1x10°/L; (iv) triglycerides >3 mmol/L and/or
fibrinogen <1.5 g/L; (v) hemophagocytosis in the bone
marrow, spleen, lymph nodes, or liver; (vi) low or absent
activity of NK cells; (vii) ferritin >500 pg/L; (viii) soluble
cluster of differentiation (CD)25 (ie, soluble IL-2) >2400
U/mL or >6400 pg/mL.

The clinical diagnosis was HLH, and patients were
hospitalized in the Department of Hematology or
Department of Infectious Diseases within our hospital.
Those who did not meet the five diagnostic criteria stated
above when they stayed in our emergency department (eg,
due to NK-cell activity, CD25 level could not be tested in
our hospital, or we did not follow-up the results after
hospitalization in the specialist ward) were not enrolled

in this study, and we also calculated the H Score."?

Data Collection

Clinical data were collected: basic information (age, sex,
duration of emergency department stay); symptoms; vital
signs; laboratory results; whether they met the diagnostic
criteria for HLH; main treatments; outcomes. Vital signs
comprised body temperature, heart rate, respiratory rate,
systolic blood pressure, diastolic blood pressure, and
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level of consciousness. Laboratory tests upon hospital
admission comprised counts (white blood cells, red
blood cells, hemoglobin, platelets, neutrophils), pro-
thrombin time, activated partial prothrombin time, as
well as levels of fibrinogen, fibrinogen-degradation pro-
ducts, D-dimer, albumin, total bilirubin, direct bilirubin,
alanine aminotransferase, aspartate aminotransferase,
serum creatinine, blood urea nitrogen, lactate dehydro-
genase, cholesterol, and triglycerides. Data for all vital
signs and laboratory results were the worst results taken
within 24 h of hospital admission. We also collected
imaging data (especially for diagnosing splenomegaly)
and results for bone-marrow aspiration. The activity of
NK cells, the CD25 level and pathology results of bone-

marrow biopsy were tested by Kindstar Global
Corporation (Beijing, China).

Patient Grouping

We divided patients into a “survivor” group and

“deceased” group in our emergency department. The latter
included patients who had: (i) died in our emergency
department; (ii) a significant and stubborn decrease in
blood pressure despite administration of high doses of
dopamine (>15 pg/kg/min) and/or norepinephrine (>0.1
pg/kg/min); (iii) severe mental disorders with severe meta-
bolic acidosis (pH <7.0) or fulminant liver failure or
severe gastrointestinal bleeding and hematemesis; (iv)
respiratory failure despite invasive ventilator-assisted
breathing with pure oxygen; (v) experienced cardiac arrest
and were alive after cardiopulmonary resuscitation but
remained unconscious and had hypotension and arrhyth-
mia. Patients with the irreversible manifestations described
above were deemed to be facing death. The illness was
discussed with the guardian/authorized principal of the
patient. If the guardian/authorized principal refused treat-
ment and asked for the patient to be discharged from
hospital and the patient died within several hours after
hospital discharge according to follow-up by telephone,
they were deemed to be deceased.

The survivor group comprised patients: (i) whose con-
dition was obviously better than at the time of hospital
admission; (ii)) whose vital signs were normal/approxi-
mately normal and who did not require dopamine, norepi-
nephrine or artificial ventilation; (iii) who were transferred
to a specialist ward in our hospital (or another hospital) for
the next stage of treatment; (iv) who were alive within 24
h after discharge from our emergency department accord-
ing to follow-up by telephone. There was no follow-up of

the medication or clinical results of patients after admis-
sion to a specialist ward or another hospital.

Statistical Analyses

Data were analyzed using Prism 5 (GraphPad, San Diego,
CA, USA) and SPSS 17.0 (IBM, Armonk, NY, USA).
Data are the mean + SD. Comparisons of measurement
data were made with Student’s #-tests, whereas compari-
sons of enumeration data were made with chi-square tests.
Multivariate logistic regression analyses were undertaken
to identify independent factors related to the deceased
group. The threshold for entry of variables into the multi-
variate model was P < 0.01. Odds ratios and 95% con-
fidence intervals were also calculated. P < 0.05 was
considered significant.

Results
Clinical Characteristics and Underlying

Disease

Thirty-three patients (23 males (69.70%) and 10 females;
40.55+18.78 years) with 34 clinical episodes (one male
had two clinical episodes and died during the second epi-
sode) were enrolled. Twenty-five patients (16 males and
nine females; 21 patients were in their first episode) were
divided into a survivor group (39.16+18.58 years; range:
16-75 years). Nine patients (eight males and one female;
six patients were in their first episode) were divided into
a deceased group (45.33+18.76 years; range: 1670 years).
The sex, age, prevalence of first episode and days remain-
ing in the emergency department were not significantly
different (Table 1). With respect to vital signs, the heart
rate, respiratory rate, and prevalence of patient confusion
showed significant differences, yet temperature, systolic
blood pressure, diastolic blood pressure and the prevalence
of bleeding manifestations were not significantly different
(Table 1).

We also determined the total number of HLH diagnostic
criteria met in all patients (Table 1). Fever, splenomegaly,
hemoglobin <90 g/L and platelet count <100x10’/L were the
most commonly met standards. Subsequently, ferritin >500 pg/
L, neutrophil count <I1x10/L, CD25, triglyceride >3 mmol/L,
fibrinogen <1.5 g/L, and NK-cell activity was documented in
more than half of patients; hemophagocytosis was observed in
10 patients (30%).

Tests were undertaken to determine the underlying dis-
ease (Table 1). Viral infection (15 patients) was the most
common reason for HLH, followed by immune-system
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Table | Clinical Manifestations in Survivor and Deceased HLH Patients

Survivor (n = 25) Deceased (n = 9) P
Male (%) 16 (64%) 8 (88.89%) 0.2250
First episode 21 6 0.3482
Days stayed in emergency department 3.883+5.629 3.808+5.629 0.9626
Age (years) 39.16+18.58 45.33£18.76 0.4001
Temperature (°C) 39.25+1.214 39.42+0.805 0.6932
Pulse rate (/min) 121.0£19.69 138.1+21.13 0.0352
Respiratory rate (/min) 27.76+8.084 34.00+7.089 0.0491
Systolic blood pressure (mmhg) 89.52+16.68 88.78+35.99 0.9346
Diastolic blood pressure (mmhg) 50.00+10.82 49.11£19.82 0.8679
Confusion | 4 0.0118
Bleeding manifestations 12 8 0.0504
Met the HLH diagnostic criteria
Fever 24 9 1.0000
Splenomegaly 24 7 0.1644
Hemoglobin <90 g/L 24 8 0.4652
Platelet <100%10%/L 24 9 1.0000
Neutrophils <I *10°/L 15 6 1.0000
Triglycerides 23 mmol/L 14 5 1.0000
Fibrinogen <1.5 g/L 12 7 0.2401
Hemophagocytosis 8 2 0.6921
Ferritin 2500 pg/L 19 7 1.0000
Low or absent natural killer-cell activity 12 5 1.0000
Soluble CD25 22400 U/mL or 6400 pg/mL 15 5 1.0000
H Score 212.4+37.18 252.1+40.95 0.0115
Underlying diseases
Viral infection 12 EBV+ICMV 2EBV 0.2401
Systemic lupus erythematosus | 0 1.0000
Autoimmune hemolytic anemia 3 | 1.0000
Other autoimmune related disease 2 | 1.0000
Tumor 5 2 1.0000
Lymphoma 2 |
Histocyticsarcoma | |
Prostate cancer | 0
Laryngeal Cancer | 0
Uncertain 4 3 0.3058

disease (eight patients), and cancer (seven patients).
However, the reason for HLH could not be determined for
seven patients in our emergency department. Importantly,
three patients in the survivor group had two underlying
diseases concomitantly (autoimmune hemolytic anemia
with cytomegalovirus infection; autoimmune hemolytic
anemia with infection by the Epstein—Barr virus; systemic
lupus erythematosus combined with idiopathic immune
thrombocytopenic purpura).

Laboratory Tests

Table 2 shows the laboratory-test results in the survivor
group and deceased group. We documented significant
differences in markers of renal function (blood urea nitro-
gen), liver function (total bilirubin, direct bilirubin and
aspartate aminotransferase), coagulation function (pro-
thrombin time, activated partial prothrombin time, fibrino-
gen and D-dimer) and infection (procalcitonin and lactate

dehydrogenase) between the two groups.
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Table 2 Laborary Test Results in Survivor and Deceased HLH Patients

Laboratory Test (Normal Range) Survivor (n = 25) Deceased (n = 9) P

White blood cells (3.5-9.5%10%/L) 2.682+2.745 3.078+2.431 0.7058
Red blood cells (4.3-5.8*10'%/L) 2.540+0.6058 2.730+0.6546 0.4351
Hemoglobin (130-175g/L) 72.40%15.73 77.67+13.87 0.3821
Platelet (125-350%10%/L) 39.88+46.78 19.89+13.90 0.2199
Neutrophil (1.8-6.3%10%/L) 1.596+2.249 1.733+2.080 0.8739
Albumin (40-55g/L) 26.94+4.770 26.69+12.08 0.9313
Blood urea nitrogen (3.6-9.5umol/L) 8.792+4.924 13.41+4.991 0.0222
Serum creatinine (41—111 umol/L) 94.47+72.32 141.6+61.97 0.0922
Total bilirubin (1.7—17.1 umol/L) 36.50+36.10 95.06+80.37 0.0058
Direct bilirubin (0-6.8 umol/L) 19.10+£20.84 55.49+47.89 0.0038
Lactate dehydrogenase (120-250U/L) 961.0+930.2 3609+2840 0.0003
Alanine aminotransferase (9-50U/L) 197.4£523.5 300.2+230.8 0.5758
Aspartate aminotransferase (15—40U/L) 238.9+492.7 680.4+570.2 0.0341
Cholesterol (<5.18mmol/L) 2.331+0.8458 2.876+1.697 0.2262
Triglyceride (<1.7 mmol/L) 3.200+1.123 4.144+2.173 0.1096
Prothrombin time (10—16S) 16.76+3.984 2541%11.18 0.0022
Activated partial prothrombin time (25-43s) 44.44+9.985 151.5+£229.9 0.0260
Fibrinogen (2—4g/L) 2.147+2.147 1.218+0.6518 0.0384
Fibrinogen degradation products (0-5mg/L) 2.147+44.22 64.49+36.68 0.0577
D-dimer (0-0.5mg/L) 2.305+2.108 5.328+3.777 0.0064
Procalcitonin (<0.05ng/mL) 6.178+23.32 36.07+54.86 0.0406

Treatment Discussion

Table 3 shows the main treatments undertaken in the
survivor group and deceased group. Patients received glu-
cocorticoids, antibiotics, antifungal drugs and antiviral
drugs as basic treatment. According to disease severity,
patients also received etoposide, immunoglobulins, dopa-
mine combined with/without norepinephrine, blood purifi-
cation and mechanical ventilation. There was no
significant difference in treatment measures between the
two groups.

Outcomes and Factors Associated with
Mortality

Multivariate logistic regression analyses were under-
taken to determine the independent factors related to
the deceased group. The laboratory test results showed
that several parameters were significantly different so,
due to the relatively small sample size and some para-
meters reflecting the same organ function, the threshold
for entry of variables into the multivariate model was
P < 0.01. The results of multivariate logistic regression
analyses are shown in Table 4. We found that the
lactate dehydrogenase level was significantly related
to death (P = 0.039; odds ratio, 0.999).

Adult HLH has been reported to occur mainly in middle-
aged (~40 years) male patients.>'* Our data are in accor-
dance with that trend: 69.70% of patients were male; in the
deceased group, 88.89% were male; the median age of all
patients was 38 years. We demonstrated that sex and age
had no relationship with the prognosis of patients with
HLH. One study showed that globally the most common
cause of HLH was infection (especially infection with the
Epstein—Barr virus), followed by cancer and autoimmune
diseases:” our results were in accordance with those data.
However, several other studies carried out in China con-
cluded that cancer might be the primary reason for
HLH.">'® In a retrospective analysis in several centers in
China, the most common causes were of HLH were infec-
tions in the child group, malignancies and infections in the
youth group, malignancies in the middle-aged group, and
malignancies in the elderly group.'” The reasons for the
difference between our data and those results might be: (i)
our study cohort was small; (ii) the patients in other
studies were from the Department of Hematology, whereas
we analyzed data only from the emergency department.
Our study also indicated that almost all HLH patients had
fever, splenomegaly, hemoglobin <90 g/L. and platelet
count <100x10°/L; for fever, hemoglobin and platelet
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Table 3 Main Treatments in Survivor and Deceased HLH
Patients

Deceased P
n=9)

Survivor
(n =25)

Treatment

Ventilator used 3 3 All P>0.05

Blood purification 2 0

Immunosupressive drug

Glucocorticoid 16 7

Immunoglobulin 4 |

Vasoactive drugs

Dopamine combined 0 3
with Norepinephrine
Dopamine or 2 4

Norepinephrine

Antimicrobial treatment

Meropenem

Imipenem and cilastatin
Linezolid

Doxycycline

Cefotaxime

—— N - a0

©O O — — N —

Piperacillin Sodium
Tazobactam
Moxifloxacin
Antifungal drugs
Anti-viral drugs

N 00 N —
— A w O

Etoposide

decreased related symptoms, such as tiredness and bleed-
ing manifestations. These symptoms are common in the
emergency department. However, because of the atypical
symptoms of HLH disease, the diagnosis is difficult, and
some patients experience a sharp deterioration before the
diagnosis has been made, which can lead to death. Thus,
the actual incidence of HLH may be higher than
reported.'®

We also showed that NK-cell activity, neutrophil count,
as well as the level of ferritin, CD25, triglycerides, and
fibrinogen were high in more than half of patients.

Table 4 Multivariate Logistic Regression Models for Independent
Factors Related to HLH Death Patients

Laboratory Test OR 95% CI P

Direct bilirubin 0.970 0.922-1.020 0.234
Lactate dehydrogenase 0.999 0.998-1.000 0.039
Aspartate aminotransferase 1.000 0.998-1.003 0.740
Prothrombin time 0.900 0.672-1.207 0.483

Unfortunately, in China, many hospitals cannot measure
NK-cell activity or CD25 tests, so they send them to
private organizations for testing, which limits the rapid
diagnosis of HLH. Hemophagocytosis was detected in
30% of our patients; this low prevalence might be asso-
ciated with the bone-marrow results not being provided on
the same day. The results for many patients became avail-
able after they had left the emergency department and, in
our hospital, the bone-marrow results cannot be displayed
directly in the electronic medical record with laboratory
and imaging data.

HLH is a severe hyperinflammatory syndrome com-
monly triggered by infections or malignancies, but may
also be induced by autoimmune disorders. Treatment algo-
rithms mainly include the HLH-94 and HLH-2004
protocols.'” Etoposide (VP-16), glucocorticoid drugs and
hematopoietic stem-cell transplantation are the corner-
stones of HLH treatment.'”?° However, in our study,
most HLH patients received glucocorticoids, and only
three patients with recurrent HLH received etoposide.
The main reason was that many patients did not have
a confirmed diagnosis upon emergency department admis-
sion. When they were admitted to the emergency depart-
ment and when they were diagnosed with HLH, they were
transferred to a specialist ward for subsequent treatment.
In our emergency department, patients received powerful
supportive treatments. Almost all patients (except those
who stayed for only a few hours) received high-grade
antibiotics, antifungal drugs and antiviral drugs. Some
patients received immunoglobulins, some received dopa-
mine and/or norepinephrine to maintain blood pressure,
and a few patients received blood purification and venti-
lator-assisted breathing if they were critically ill. In the
emergency department, powerful support measures were
crucial due to the frequent life-threatening presentation,
and administration of antimicrobial drugs that could elim-
inate the triggers (mainly infection) was pivotal to remove
the stimuli that initiate immune disorders and to inhibit
inflammation and cell proliferation (ie, neoplasia).”

Several studies have reported the predictors of mortal-
ity in adult HLH. In 293 cases of adult secondary HLH,
during a median follow-up of 52 days, 70.99% of patients
died, and the plasma fibrinogen level was nonlinearly and
inversely associated with the risk of mortality in adult
secondary HLH.?! In sixty-four adults with HLH in Latin
America, patients with nosocomial infections and neuro-
logic symptoms had significantly shorter 3-year overall
survival.”* In a series of 62 adults with secondary HLH,
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patients with low serum albumin levels and tumor-
associated HLH had markedly
However, almost all studies analyzed the long-term prog-

shorter survival.?
nosis of HLH patients, but not the mortality rate in the
emergency department. Although powerful supportive
treatments were used, nine patients (26.47% of all
patients) died in the emergency department due to critical
illness. Our results indicated that deceased HLH patients
had significantly worse multiple-organ dysfunction than
survivors. Our multivariate logistic regression analyses
showed that increased levels of lactate dehydrogenase
were significantly related to death. Studies have demon-
strated that lactate dehydrogenase is associated with worse
outcomes in patients with viral infections and persistent
organ failure.**?° lactate dehydrogenase is a key enzyme
of anaerobic metabolism that is present widely in human
tissues, with high content in the kidney, myocardium and
bone muscle. The lactate dehydrogenase level in red blood
cells is ~100-times that in serum, and lactate dehydrogen-
ase is also a “functional checkpoint” for anaerobic glyco-
lysis of sugar and gluconeogenesis.”’ All of the patients
who died in our study had multiple-organ dysfunction, and
these changes led to increased lactate dehydrogenase
levels.

The H Score in the survival group and deceased group
was 212.4437.18 and 252.1440.95, respectively. In
a study involving 40 HLH patients, the HLH-2004 criteria
and H Score showed good diagnostic accuracy. Both could
be used for the diagnosis of HLH in critically ill patients.
The H-score cutoff value of 168 indicated that the sensi-
tivity of diagnosing HLH was 100%, and the specificity
was 94.1%, and the diagnostic accuracy was slightly
higher than that for HLH-2004 criteria.”® As stated
above, NK-cell activity and CD25 tests cannot be done
in most hospitals in China. Therefore, for critically ill
patients in the emergency department, calculating the
H score can enable testing for HLH rapidly. For HLH
patients with high lactate dehydrogenase levels or multi-
ple-organ dysfunction, aggressive life-support treatment is
indicated immediately (blood purification, high-grade
antibiotics or antiviral drugs, stabilization of blood pres-
sure, high-dose glucocorticoid treatment) to reduce the
risk of death.

Our study had three main limitations. First, we analyzed
only the data of patients in the emergency department and
did not follow-up patient status after admission to a specialist
ward. Second, we did not compare the ferritin level between
the two groups because the ferritin results only stated

“>1500 pg/L” without an exact value being given, whereas
other patients’ ferritin results showed exact values because
they were measured in different laboratories. Third, we did
not compare the CD25 data between the two groups because
the CD25 level was provided in two units (U/mL and pg/
mL), so the comparison could not be standardized.

Conclusions

In the emergency department, for critically ill patients with
fever, splenomegaly, low hemoglobin level and low plate-
let count, HLH is a possibility. The H score might be
useful to diagnose HLH rapidly. In our study, 26.47% of
HLH patients died in the emergency department, and
patients with significantly increased lactate dehydrogenase
levels had an increased risk of death.
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