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Abstract
Hemophagocytic lymphohistiocytosis (HLH) is a highly fatal, hyperinflammatory syndrome in adults triggered by an underlying illness
in most cases. As such, suspicion of HLH dictates further investigation to identify the HLH trigger and determine treatment. HLH is
clinically challenging due to diverse presentations and underlying triggers, provider unfamiliarity, and bleeding complications.
Clinically, we observed diagnostic error from incorrect testing and cognitive biases (interleukin-2 confused with soluble interleukin-2
receptor and natural killer cell quantification confused with functional assays).
This study reports our single institutional experience with adult HLH with the aim to reduce erroneous testing with a quality

improvement (QI) project, and to facilitate trigger discovery and mitigate hemorrhage. Provider education on HLH testing was the
prospective intervention, followed by mistaken test removal. HLH triggers and diagnostic utility were determined by retrospective
chart review. Risk factors for hemorrhage were determined by multivariable analysis.
Erroneous HLH testing was reduced from 74% to 24% of patients (P< .001) by the QI intervention. These changes were projected

to save $11,700 yearly. The majority (64%) of patients evaluated for HLH were on non-hematology/oncology services, highlighting
the need for vigilance in hematology consultation. Sixty-three patients met classic HLH-2004 criteria for HLH. Malignancy (38%),
infection (27%), Epstein–Barr virus (EBV) (14%), or autoimmune disease (8%) triggered most HLH cases. HLH triggers were most
commonly identified by serologic testing (27%) and bone marrow biopsy (19%). Biopsy of other affected organs based on PET-CT
imaging after unsuccessful initial diagnostic measures was helpful, and focal fluorodeoxyglucose uptake was predictive of an
underlying malignancy (likelihood ratio 8.3, P= .004). Major hemorrhage occurred in 41% of patients. On multivariable analysis the
odds ratios (OR) for major hemorrhage were increased for patients with intensive care unit level care (OR 10.47, P= .005), and
disseminated intravascular coagulation in the first week of admission (OR 10.53, P= .04).
These data are incorporated into a framework to encourage early HLH recognition with the HScore, facilitate trigger identification,

identify those at risk for hemorrhage, and minimize low-yield or erroneous testing.

Abbreviations: DIC = disseminated intravascular coagulation, EBV = Epstein–Barr virus, HLH = hemophagocytic
lymphohistiocytosis, ICU = intensive care unit, IL2 = interleukin-2, JHH = Johns Hopkins Hospital, LR = likelihood ratio, NK =
natural killer cell, OR = odds ratio, PET-CT = positron emission tomography-computed tomography, PT = prothrombin time, PTT =
partial thromboplastin time, QI = quality improvement, sIL2R = soluble interleukin-2 receptor.
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1. Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a frequently fatal,
severe inflammatory syndrome arising from dysregulated macro-
phages and cytotoxic lymphocytes.[1,2] Patients with HLH are
often critically ill and have diverse clinical presentations, but their
hematologic abnormalities raise initial clinical suspicion of the
illness. Fevers, cytopenias, coagulopathy, hepatosplenomegaly,
hyperferritinemia, defects in natural killer cell (NK) function, and
elevated soluble interlukin-2 receptor (sIL2R) characterize this
syndrome.[3–5] Primary (genetic) and secondary (sporadic) forms
of HLH have similar clinical presentations, and studies of primary
HLH have been instrumental in elucidating the pathobiology of
disease.[6,7] However, primary HLH is rare in adults and less is
known about the biology and care of adults with HLH.[8,9]

Many case series and reviews have reported HLH etiolo-
gies.[2,3,10–18] Although HLH treatment is directed at the
underlying illness, identifying this trigger is practically challeng-
ing and available data are inadequate to assist clinicians in patient
care. Another clinical concern is delayed HLH diagnosis, as an
adult patient may not meet the pediatric HLH-2004 criteria at
presentation, and a clinician may discount the diagnosis of HLH
due to representative bias. The HScore was specifically developed
to facilitate timely HLH recognition in adults; however, clinical
uncertainty still exists in adult patients around identifying
triggers and interpreting diagnostic data.[19–21] For example,
hemophagocytosis is common in HLH, yet this finding is neither
sensitive nor specific for HLH, and it does not predict disease
severity.[22–24] Similarly, ferritin is a helpful test but it is not
specific for HLH; likewise, failure to realize that one-third of
HLH patients have a ferritin less than 3000ng/mL could lead to
diagnostic error if a clinician is expecting only massive ferritin
elevations.[15,25] In addition, NK cell functional assays and sIL2R
testing are unique to HLH evaluations and providers may not be
familiar with their use.
HLH has long been associated with increased propensity for

hemorrhage,[13] but studies reporting hemorrhagic risks are
notably absent in the literature with the exception of a recent
study in intensive care patients.[26] In addition to the severe
cytopenias found in HLH, the coexistence of disseminated
intravascular coagulation (DIC), hepatic dysfunction, hypofi-
brinogenemia, and the release of plasminogen activators from
activated macrophages produce a multi-factorial bleeding
diathesis.[26,27] Coagulopathy, critical illness, and need for
invasive procedures represents a confluence of hemorrhagic risk
that may be underappreciated in the acute clinical setting.
Although HLH is far too rare to warrant its own Choosing

Wisely recommendation,[28] we undertook a similar quality
improvement (QI) approach to reduce erroneous testing and
improve awareness of HLH evaluation after test misinterpreta-
tion, use of HLH-2004 criteria, and cognitive bias resulted in
diagnostic errors affecting 2 consecutive HLH patients. With
limited data available in the literature for diagnostic guidance, we
developed an internal knowledge base by retrospective review.
Here we summarize our institutional HLH experience to guide
clinicians evaluating patients with suspected HLH, with
objectives of reducing errors in testing, identifying triggers,
and identifying patients at risk of major hemorrhage.

2. Methods

This single-center prospective quality-improvement intervention
with planned observational cohort retrospective review was
modeled on that used previously.[29] The primary aim was to
2

reduce mistaken testing in HLH evaluations from cognitive error
and systems factors,[30–32] and the secondary aims were to reduce
the number of patients with delays in attaining sIL2R from
erroneous interleukin-2 (IL2) test ordering, and to encourage use
of sIL2R testing. The tertiary aim was to provide information to
assist clinicians in HLH clinical evaluations. The Johns Hopkins
Hospital (JHH) is a tertiary referral hospital located in Baltimore,
MD, with approximately 1100 inpatient beds for inpatient
general medicine and specialty services.
We observed incorrect HLH diagnostic testing where IL2 was

confused with sIL2R, and NK quantification was confused with
NK functional tests (see Additional Methods, Supplemental
Digital Content 1, which describes the errors and analytic
approach, http://links.lww.com/MD/C356). This was discovered
after incorrect testing contributed to diagnostic error in two
consecutive HLH cases (see Figure, Supplemental Digital Content
2, which illustrates how mistaken testing impelled the project,
http://links.lww.com/MD/C356). The quality improvement in-
tervention consisted of targeted provider education, followed by
systems changes to remove the mistaken tests (see Figure,
Supplemental Digital Content 2, for intervention timeline, http://
links.lww.com/MD/C356). Patients evaluated for HLH between
January 1, 2009 and July 30, 2016 at JHH were identified from
billing and laboratory test result databases and were followed
through November 1, 2017. The retrospective cohort review was
conducted after approval of the Johns Hopkins Institutional
Review Board. Patients were included in the study if they were
evaluated for suspected HLH during hospitalization by their
treating clinicians. Those patients age<18 years at the time of
evaluation, evaluated as outpatients, and not evaluated for HLH
were excluded based on clinical documentation (see Figure,
Supplemental Digital Content 2, for patient flowchart, http://
links.lww.com/MD/C356).
The HScore was developed and validated in adults, yet most

adult HLH series use the HLH-2004 diagnostic criteria. We
report both criteria for clinical applicability, but present analysis
with HLH-2004 criteria for comparison to prior literature.
Patients with HLH fulfilled ≥5 of the 8 HLH-2004 diagnostic
criteria.[33] Patients with potential HLH had an HScore of ≥169
during the first week of hospitalization, but satisfied <5 HLH-
2004 criteria.[19,20] Outcomes for retrospective review included
erroneous testing, HLH triggers, trigger identification method,
survival, hemorrhage, laboratory values, and imaging findings.
HLH trigger classifications were mutually exclusive and based on
those reported previously.[12,34,35] Detailed methods are further
reported (see Additional Methods, Supplemental Digital Content
1, for detailed criteria and analytic variables, http://links.lww.
com/MD/C356).
Statistical methods: Descriptive statistics were computed with

percentages, frequencies, medians, and means, as indicated.
Overall survival was defined as date of initial hospital admission
at JHH for HLH symptoms until death. Kaplan–Meier survival
analysis and the log rank test were used to compare survival
between groups where indicated. Positron emission tomography-
computed tomography (PET-CT) utility was determined with
likelihood ratio x2 analysis. Odds ratios (OR) for univariate risk
factor associations were determined with logistic regression.
Univariate risk factors with P < .1 were included in the
multivariable regression models. For assessment of QI inter-
ventions, HLH evaluations between January 2014 and December
2015 were pre-intervention and the active intervention period
was December 2015 through July 2016. This pre-intervention
interval was selected to reduce confounding from other
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Table 1

Characteristics of HLH cases.

HLH criteria, units No.
∗

% Median‡ Range‡

Hemoglobin, <9g/dL† 59/63 93.7 6.5 3.7–10
Platelet, <100�109/L† 62/63 98.4 28 1–106
ANC, <1�109/L† 31/63 49.2 1.00 0–19.92
Fever, ≥38.5°C 55/63 87.3 39.4 36–41.8
Splenomegaly, cm 51/62 82.3 13.5 9.2–18.9
Triglyceride, ≥265mg/dL† 35/59 59.3 298 88–1173
Ferritin, ≥500ng/mL† 58/60 96.7 10985 235–288351
Ferritin, <500ng/mL 2/60 3.3
Ferritin, 501–3000ng/mL 11/60 18.3
Ferritin, >3000ng/mL 47/60 78.3

Fibrinogen, �150mg/dL† 30/61 49.2 156 35–1290
sIL2R, ≥2400U/mL 42/46 91.3 6903 597–106140
Hemophagocytosis 45/60 75.0
First marrow 25/55 45.5
Subsequent marrow 18/28 64.3

NK function
Insufficient sample 4/6 66.7
Absent or decreased 1/6 16.7

Genetic testing
Biallelic/hemizygous mutation 0/11 0.0
Heterozygous mutation 1/11 9.1
Normal/negative 10/11 90.9

Symptom duration, wks 63/63 – 4 0.14–25
HScore† 63/63 – 257 129–319
Age, ys 63/63 – 55 19–76
Follow-up, ds 63/63 – 99 1–2428
Sex, male 38/63 60.3
Race
White 35/63 55.6
Black 16/63 25.4
Others 11/63 17.5

30-day mortality 17/62 27.4
60-day mortality 22/59 37.3
Acute kidney injury† 39/63 61.9
Stage 1 9/63 14.3
Stage 2 6/63 9.5
Stage 3 24/63 38.1

Haptoglobin, <6mg/dL 25/47 53.2
DIC† 42/57 73.7
D-dimer, >4mg/L† 41/57 71.9
aPTT, >50s† 16/63 25.4
INR, >1.5† 29/63 46.0

Spleen size is anterior-posterior dimension in centimeters.
ANC= absolute neutrophil count, NK=natural killer cell, sIL2R= soluble interleukin-2 receptor.
∗
HLH cases meeting criterion/ number evaluable.

†Within 7 days of admission.
‡Median and range shown for all patients meeting HLH-2004 criteria.
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institutional practices that likely changed over time, that is, order
interface changes, paper ordering, and so on. QI outcomes were
analyzed with the test of proportions or unpaired t test for
continuous variables as indicated. All tests were 2-sided and
performed at .05 level of statistical significance. Computations
utilized STATA15 (StataCorp. 2017. Stata Statistical Software:
Release 15. College Station, TX).

3. Results

3.1. Patient demographics

During the retrospective study period, 86 patients were evaluated
for HLH. The majority of patients undergoing evaluation
(64.0%) were admitted to non-hematology/oncology services
including medical intensive care unit (33.7%), general internal
medicine (23.3%), rheumatology (3.5%), infectious diseases
(2.3%), and liver transplant (1.2%). Sixty-three patients fulfilled
HLH-2004 diagnostic criteria (Table 1), and 13 additional
patients had potential HLH (see Table, Supplemental Digital
Content 3, for clinical features of potential HLH, http://links.
lww.com/MD/C356). For comparison with prior studies we
report further analysis on patients meeting HLH-2004 diagnostic
criteria. Median HLH patient follow-up was 99 days (range, 1–
2428 days) and confirmed all-patient mortality was 27.4% and
37.3% at 30 and 60 days, respectively. Markers of hemostatic
perturbations were common, including severe renal dysfunction
(38.1%), DIC (73.7%), moderately elevated D-dimer (71.9%),
and markedly abnormal prothrombin (PT), or activated partial
thromboplastin times (aPTT) (25.4%–46%) (see table for
threshold values).
The number ofHLH evaluations and cases increasedwith time.

In 2009, there were 0.33 HLH evaluations and 0.33 HLH cases
per month. In 2016, there were 2.9 HLH evaluations and 1.9
HLH cases per month. Relevant to our proposed diagnostic
approach presented later, 21.6% of HLH patients had ferritins
�3000ng/mL during the first week, and 45.5% of cases
demonstrated hemophagocytosis in the initial bone marrow
sample. These data show that HLH patients present to several
medical services, yet many may lack features often associated
with HLH at presentation.

3.2. Errors in HLH testing

Over the entire study period, 54.2% of patients evaluated for
HLH had errors in testing (Table 2). Although sIL2R is useful,[36–
40] it may not be available in some regions, and send-out test
turnaround time is a concern. Median sIL2R turnaround time
was 10 days (range, 2–52 days). Patients with erroneous IL2
testing were significantly more likely to have delays or failure to
obtain the sIL2R test (70.8% vs 34.1%, P= .0053) than patients
without erroneous IL2 testing. Over the course of this study,
erroneous NK and IL2 tests cost an estimated $22,348. Although
such NK testing was reported in 42% of patients in recent
German and Chinese series,[17,41] the frequency of erroneous IL2
testing at other centers is unknown.
The QI intervention met the primary outcome of reducing

erroneous testing. In the designated run up period before the QI
intervention, 74.3% of patients had erroneous testing compared
to 23.5% of patients during the intervention period (P= .001).
The intervention met 1 of 2 secondary outcomes. The proportion
of patients with delays in obtaining sILR2 due to IL2 testing
decreased (25.7% vs 0%, P= .02), as did the mean delay
(9.3 days vs 0 days, P< .01). The secondary outcome of
3

increasing sIL2R utilization was not met, as baseline testing was
common (97% vs 100%, P= .48). Although the time from
admission to HLH trigger treatment decreased from 14.41 days
to 7.27 days with the intervention, this benefit was not
statistically significant (P= .20).
The intervention reduced but did not eliminate erroneous

testing. We developed an electronic HLH orderset and decision
support tool based on the HScore to increase the effect and make
the effort durable. However, these approaches faced barriers to
implementation. After discussions with our laboratory, a simpler
option was to remove mistaken tests from the electronic test
catalog since neither test had clinical utility. Extrapolating from
the 2016 HLH evaluation frequency and pre-intervention
erroneous test frequencies (0.94 NK test and 0.34 IL2test/
evaluation), these engineering interventions are predicted to save
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Table 2

The quality improvement initiative reduced test errors.

HLH evaluations (2009–2016) % (number) sIL2R failure or delay

No testing error 47.7 (41/86) 34.1% (14/41)
∗,†

Any testing error 54.2 (45/86) �
NK flow only 24.4 (21) �
IL2 only 9.3 (8) 50.0% (4/8)
Both erroneous tests 18.6 (16) 81.3% (13/16)
Any erroneous IL2 27.9 (24) 70.8% (17/24)

∗,†

Test error Test number Cost each Total cost

NK flow cytometry 54 $303.15 $16,370.10
IL2 42 $142.34 $5,978.28

Total: $22,348.38

Quality improvement outcomes

% (number)

Evaluation metric Pre-intervention During intervention P

Erroneous testing 74.3 (26/35) 23.5 (4/17) .001†

sIL2R obtained 97.1 (34/35) 100 (17/17) .48†

sIL2R delayed by IL2 25.7 (9/35) 0 (0/17) .02†

sIL2R delay, days (mean, SD) 9.3 (9.08) 0 (0) <.001‡

NK flow, # 33 3
IL2, # 13 2
Test error costs $11,854.37 $1,194.13
Cost/patient evaluated $338.70 $34.12

Erroneous IL2 testing was associated with delay or failure to obtain sIL2R testing ∗P= .005.
Statistical testing utilized either the †test of proportions or ‡student t test. IL2= interleukin-2, NK
flow=quantitative natural killer cell flow cytometry, SD= standard deviation, sIL2R= soluble
interleukin-2 receptor.

Infection
26.9% (17)

EBV
14.3% (9)

Idiopathic
11.1% (7)

Malignancy
38.1% (24)

Hodgkin
3.2% (2)

T/NK-cell
12.7% (8)

B-cell
17.5% (11)

Surgical
1.6% (1)

Other
4.8% (3)

Autoimmune
7.9% (5)
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$11,700 per year by eliminating these 2 errors in testing. The
patient-level events from test error that prompted the QI
intervention did not recur during the intervention period.
0
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Figure 1. HLH triggers and overall survival. A, HLH triggers observed in the
cohort. B, Kaplan-Meier overall survival from admission stratified by trigger. C,
Kaplan-Meier overall survival was significantly higher for favorable HLH
(autoimmune or infection triggered) compared to adverse HLH (EBV or
malignancy triggered) by log-rank test. B-cell=B-cell lymphoma, EBV=
Epstein Barr virus, T/NK-cell=T cell or natural killer cell lymphoma/leukemia.
3.3. HLH trigger determines treatment and survival

The HLH trigger was malignancy in 38.1%, infection (non-EBV)
in 27.0%, Epstein–Barr virus (EBV) in 14.3%, idiopathic in
11.1%, and autoimmune in 7.9% of patients (Fig. 1A). Potential-
HLH was triggered by autoimmune disease in 46.1% and
infection in 38.4% (see Table, Supplemental Digital Content 4,
for individual triggers and treatments, http://links.lww.com/MD/
C356). Survival with HLH was poor, but varied greatly by
etiology. Median overall survival was 206 days for EBV and
45 days for malignancy-triggered HLH (Fig. 1B). In contrast,
median survival was not reached for HLH triggered by
autoimmune disease or infection. Others have shown that
EBV-HLHhas poor survival andwarrants aggressive therapy,[42–
45] yet many case series do not further specify HLH etiology in
survival analyses. Thus, EBV-HLH may confound the survival
of otherwise favorable HLH triggered by non-EBV infection.
Consistent with this, survival for EBV or malignancy (adverse
HLH) was inferior to autoimmune or non-EBV infection
(favorable HLH) by log rank test (P< .01, Fig. 1C). There were
no differences in survival between HLH from non-EBV infection
and autoimmune etiologies (P= .51) or between HLH from EBV
and malignancy (P= .30).
Cytotoxic chemotherapy was commonly used for malignancy

(75.0%), idiopathic (71.4%), and EBV-triggered HLH (66.7%).
However, some patients were not candidates for such treatment
due to goals of care or death before the trigger was identified. In
contrast, cytotoxic chemotherapy was used less frequently when
4

HLH was triggered by infection (5.9%) or autoimmune (20%)
conditions. A common treatment strategy was initiation of
corticosteroids and/or intravenous gamma globulin to stabilize
the patient during the acute period. Once the trigger was
identified, treatment was tailored to the trigger. The 2 patients
receiving bone marrow transplantation for HLH (1 each
autoimmune and EBV) were young adults and transplantation
occurred on the pediatric services. Of note, although published
data are limited, at our institution bone marrow transplantation
is not a common therapy for adults with secondary HLH because
of historically poor outcomes consistent with a recent multi-
center report.[46]
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[8,9]

Table 3

Diagnostic methods identifying the trigger in HLH patients.

Method Number (of 63) % HLH cases

Serologic test 17 27.0
Clinical, with exclusion 12 19.0
Bone marrow 12 19.0
Imaging 5 7.9
Lymph node biopsy 4 6.3
Skin biopsy 3 4.8
Liver biopsy 2 3.2
Renal biopsy 2 3.2
Splenectomy 2 3.2
Lumbar puncture 1 1.6
Respiratory testing 1 1.6
Sinus biopsy 1 1.6
Autopsy 1 1.6

PET-CT scan utility Number (of 26) %

PET-CT contributory 6 23.1
Splenectomy 2
Lymph node biopsy 3
Liver biopsy 1

PET-CT not contributory 20 76.9
Clinical, with exclusion 6
Serology 5
Bone marrow 5
Other imaging 2
Skin biopsy 1

PET-CT FDG pattern, trigger Number (of 26) %

Normal 4 15.4
Idiopathic 2
Infectious 1
EBV 1

Diffusely increased 10 38.5
Malignancy 4
Idiopathic 3
Infectious 2
EBV 1

Focal 12 46.2
Malignancy 10
EBV 1
Autoimmune 1

Malignancy likelihood LR P

Focal vs non-focal FDG 8.32 .004
Diffuse vs normal FDG 3.29 .070

Patients obtaining PET-CT scans were stratified by scan utility: the scan either informed trigger
discovery (contributory), or did not (not contributory). Methods of trigger identification are indicated for
both subgroups. Patterns of FDG uptake are noted with respective triggers. Focal FDG uptake was
significantly associated with underlying malignancy.
EBV=Epstein-Barr virus, FDG=fluoro-deoxyglucose, LR= likelihood ratio.

Merrill et al. Medicine (2018) 97:31 www.md-journal.com
3.4. HLH trigger identification

Data to guide HLH evaluations are lacking in the literature
beyond reports of trigger type. The HLH trigger was established
in 79.4% of cases with biopsy, laboratory test, or imaging
(Table 3). Serologic testing had the highest diagnostic yield
(27.0%), followed by bone marrow biopsy (19.0%), and other
methods. However, in 19.0% of HLH cases the trigger was
determined clinically after exclusion of other causes. The triggers
of potential-HLH were similarly identified (see Table, Supple-
mental Digital Content 4, for potential HLH trigger identification
methods, http://links.lww.com/MD/C356). If initial evaluation
was unrevealing, biopsy of an affected organ was useful to
establish the trigger. Imaging or other findings (proteinuria, rash)
were used to inform biopsy site selection.
Zheng et al[47] recently reported that PET-CT was helpful to

identify HLH triggers by determining biopsy location. In our
series, 36.5% of HLH patients (26/63) underwent PET-CT
before HLH trigger was evident. In 23.0% (6/26) of patients, the
PET-CT findings contributed to trigger identification by directing
biopsy location, and all such triggers were malignancies with
therapeutic implications. In the remaining 76.9% (20/26) of
patients where PET-CT did not contribute to trigger identifica-
tion, method of trigger identification is listed (Table 3). Three
patterns of scan avidity were noted in HLH patients: normal
uptake (n=4), diffusely increased uptake (n=10), and focal
increased uptake (n=12). Focal increased uptake demonstrated a
likelihood ratio (LR) of 8.32 for underlying malignancy
compared to normal or diffuse uptake (P= .004). Although
PET-CT is expensive and clearly not necessary for every patient, it
may be helpful to determine biopsy site after an unremarkable
initial HLH evaluation.
Unidentified triggers and the potential for empiric treatment to

obscure triggers (trigger masking) are practical concerns for care.
Excluding the 7/63 patients with idiopathic HLH, the median
time from admission to trigger identification was 5 days (range,
0–238 days). Delayed trigger identification (>30 days) was
observed in 12.5% (7/56) of HLH patients, 6 triggers were
malignancies and one was infectious. Delayed triggers were
found by splenectomy (patient 1, day 36; and patient 2, day 49),
lymph node biopsy (patient 3, day 45), mycobacterial bone
marrow culture (patient 4, day 54), skin biopsy (patient 5, day
56), a third liver biopsy (patient 6, day 109), and a fourth bone
marrow biopsy (patient 7, day 238). Two of the 7 patients with
delayed trigger identification possibly had trigger masking from
empiric therapy. Of the idiopathic HLH cases, 4/7 had possible
trigger masking from receipt of empiric therapy within 30 days of
hospitalization. Accounting for all cases of possible trigger
masking and assuming that either none or all of the 4 possible
idiopathic cases were masked by treatment, HLH trigger masking
may have occurred in 3.2% (2/63) to 9.5% (6/63) of patients. The
theoretical risk of trigger masking is below the risk of early
mortality or major hemorrhage, as discussed below.
In contrast to the observed utility of the methods discussed, no

patient had HLH etiology determined by HLH-specific mutation
testing. We expressly report this because HLH genetic testing is
expensive ($4000), frequently requested by primary teams, and
takes 6 to 8 weeks for results. Of the 11 patients with genetic
testing, (median age 38 years vs 55 years for the HLH cohort)
only 1 heterozygous mutation in LYST was found. This was of
unclear clinical significance as the patient recovered fully after
chemotherapy for the trigger (lymphoma). Although laboratory-
based series report rare adults with compound or homozygous
5

HLH-associated mutations, and an expert opinion includes
upfront genetic testing,[5] our data do not support routine genetic
testing. To our knowledge, we here report the largest collection of
adult HLH cases with genetic testing and patient level data.

3.5. Hemorrhage risk factors in HLH

Major hemorrhage occurred in 41.3% (26/63) of HLH patients
(Table 3). Two patients (2/26, 7.7%) had hemorrhage during
relapse (both EBV-HLH at day 82 and 729, respectively), all
other hemorrhages occurred during the initial HLH episode at
our hospital. Median time from initial JHH admission to
hemorrhage was 10 days (range, 0–729 days), and 4 patients had
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Table 4

Bleeding complications and risk factors in HLH patients.

Hemorrhage Type Number % HLH cases

Gastrointestinal 9 14.3
Intracranial 6 9.5
Procedural 6 9.5
Retroperitoneal 2 3.2
Mucocutaneous 2 3.2
Pulmonary 1 1.6
None 37 58.7
Any 26 41.3

Univariate risk factor OR major hemorrhage P

Sex (male) 0.83 .72
Age, > 30 ys† 0.78 .69
INR, > 1.5† 3.68 .02

∗

aPTT, > 50 sec† 2.27 .16
Hct, < 25%† 0.75 .63
Platelet, <50 � 109/L† 2.33 .20
Fibrinogen, <150 mg/dL 2.87 .06
Ferritin, > 50,000 ng/mL 1.69 .34
D-dimer, > 4 mg/L† 2.24 .17
DIC† 14.00 .02

∗

AKI on admission† 4.24 .009
∗

AKI‡ 1.53 .43
ICU level care 8.44 <.001

∗

Major hemorrhage indicated by type. Univariate logistic regression analysis of risk factors for
hemorrhage and death.
AKI= acute kidney injury stage 3, aPTT= activated partial thromboplastin time, DIC=disseminated
intravascular coagulation, Hct=hematocrit, ICU= intensive care unit, INR= international normalized
ratio, OR= odds ratio.
∗
Statistically significant univariate risk factor.

†within 7 days of admission.
‡within 60 days of admission.
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hemorrhage before transfer. Gastrointestinal, intracranial, and
procedural hemorrhage were the most common hemorrhage
types and occurred in 14.3%, 9.5%, and 9.5% of patients,
respectively. Anticoagulant use within 24hours of hemorrhage
was noted in 13.6% (1 warfarin, 2 heparin). A known risk for
hemorrhage in HLH (fibrinogen<200mg/dL)[26] was temporally
associated with hemorrhage in 64.7% of major hemorrhage
episodes. Disseminated intravascular coagulation (DIC) was
present in 83.3% of patients at the time hemorrhage. Procedures
associated with major hemorrhage included: splenectomy (2),
dialysis access placement (2), cystogastrostomy (1), and sinus
biopsy (1).
Univariate analysis was conducted with factors known or

suspected to influence hemorrhagic risk from prior studies
(cytopenias, coagulation abnormalities, renal dysfunction), and
markers of HLH activity available to clinicians early in the
disease course (ferritin, fibrinogen, ICU level care) to determine
odds ratios (OR) for subsequent major hemorrhage (Ta-
ble 4).[26,48–51] We analyzed ICU level care preceding the
hemorrhagic event to avoid possible confounding of ICU
admissions occurring because of hemorrhage. The previously
reported fibrinogen threshold of 200mg/dL[26] is within our
normal reference range (150–450mg/dL), we therefore used 150
mg/dL as the threshold in our analyses. In a sensitivity analysis,
we explored thresholds of age, fibrinogen, and ferritin with no
change in univariate risk significance (see Additional Methods,
Supplemental Digital Content 1, for sensitivity analysis variables,
http://links.lww.com/MD/C356). On multivariable analysis,
intensive care unit (ICU) level care (OR 10.47, P= .005), and
DIC in the first week of admission (OR 10.53, P= .04) were
significant risk factors for subsequent major hemorrhage. Risk
factors for death on multivariable analysis were limited to
fibrinogen <150mg/dL (OR 3.84, P= .03).
4. Discussion

Hemophagocytic lymphohistiocytosis is a highly morbid syn-
drome of severe inflammation that presents primarily to non-
hematology/oncology services. A growing body of literature
illustrates the differences between primary HLH found predomi-
nantly in young children and the secondary HLH observed in
adults.[12,15,17,18,27,52–54] Here we report our results of a QI
initiative to improve evaluation by reducingmistaken testing, and
frame our institutional experience to specifically aide clinicians in
future HLH evaluations. Our goals with this report are to reduce
erroneous testing, facilitate trigger evaluations in clinical practice,
and mitigate hemorrhage risk.
The electronic medical record and provider unfamiliarity

contributed to test errors. Our QI effort attained its narrow goal
of reducing errors and delays in testing. Erroneous testing is not
unique to our institution, and recent series suggest it may be
quite common at other centers.[17,41] Our efforts to eliminate
inappropriate tests from the electronic test catalog are projected
to save over $11,000 yearly. Although often delayed, before our
QI project we observed high rates of sIL2R testing compared to
other reports.[12,15,25,55] This likely contributed to the failure of
one secondary aim to increase sIL2R testing. While sIL2R has
diagnostic limitations, including elevations in other conditions,
[56–59] it is useful in adults to diagnose HLH and monitor
response to therapy and we found it was be readily obtain-
able.[36,38,39]

The clinical implications of test errors were more concerning
than cost–mistaken tests contributed to diagnostic error. Since no
6

other HLH-related efforts were active when the QI project was
underway, we assume the improvements were causal. Other steps
that may improve the use of diagnostic testing include a
description of the test in the electronic ordering system, and
we are currently using this to reduce errors around other orders.
The educational and systems interventions can be adapted at
other centers and had no upfront costs beyond clinician time.
However, achieving this narrow goal has been slow. Our initial
plan to use a decision support tool was ultimately not practical.
Although the patient-level events that inspired our QI project
have not recurred, use of hard-wired systems controls to
minimize mistaken testing can ensure such events remain
exceptionally rare.
HLH evaluations are understandably difficult. The HLH-2004

diagnostic criteria were developed for use in children, have many
limitations in adults (reviewed in[4]), and can lead to delays in
HLH diagnosis, as we observed. Use of the HScore and a
systematic approach of testing can facilitate timely trigger
discovery and minimize delays. We derived an HLH diagnostic
approach from our data (Fig. 2). This approach addresses trigger
identification, bleeding risk, and use of empiric therapy. Our
lower observed PET-CT utility compared to others (23% vs
65%) is likely a consequence of fewer malignancy HLH cases in
our cohort (38% vs 72% of cases).[47] We did not observe
management changes from HLH mutational testing; however,
selectively evaluating adult patients at high pre-test probability of
primary HLH may be worthwhile to inform management.
Although evidence to support HLH mutational testing is limited
to 3 patients in similar retrospective series,[12,15,55] 2 subsequent
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Figure 2. Evidence-based diagnostic and therapeutic strategies for adult HLH. Evaluation begins with HScore stratification. Assessment for bleeding risk, empiric
therapy, and triggers occur simultaneously. Periodic reassessment of each factor is warranted as clinical course develops, as indicated by circular arrows. Trigger
search proceeds through high-yield, low risk interventions to interventions with lower utility and increased risk of bleeding (grey arrows on left sidebar). Contributory
findings are listed with triggers from our cohort (63 cases by HLH-2004 criteria, 13 cases by HScore). If no trigger is found, reassessment is warranted with
consideration of expanded testing and repeat biopsy (black arrow). Note that IVIG leads to false positive b-d-glucan testing that may lead to prolonged antifungal
therapy if misinterpreted. †Subsequently detected by non-invasive testing. aGBM=anti-glomerular basement membrane disease, AOSD=adult onset Still disease,
CMV=cytomegalovirus, DLBCL=diffuse large B-cell lymphoma, DRESS=drug reaction with eosinophilia and systemic symptoms, EBV=Epstein–Barr virus,
HHV=human herpes virus, HIV=human immunodeficiency virus, HSV=herpes simplex virus, IVIG= intravenous gamma globulin, LFT= liver function tests,
MRSA=methicillin resistant staphylococcus aureus, NK=natural killer cell, PCR=polymerase chain reaction, PTLD=post-transplant lymphoproliferative disease,
sIL2R=soluble interleukin-2 receptor, TCRBCL=T-cell rich large B-cell lymphoma.
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young adults evaluated for HLH at our center who were found to
have primary immune deficiencies from genetic testing not
included on the available HLH gene panel (heterozygous RAS
and CTLA-4 mutations, respectively). This proposed framework
could streamline evaluation and would be easily adaptable at
other centers, with modifications to account for local trigger
frequencies.
Hemorrhage in HLH has been described since the 1980s in

children and adults.[13,60] Higher platelet goals inHLHhave been
7

proposed empirically, but studies on hemorrhagic risks are
limited.We observed nearly twice as manymajor hemorrhages as
reported from our institution previously and elsewhere
(22%).[13,26] Clinically apparent risk factors for hemorrhage
were identifiable and could improve management. We speculate
that patients at increased risk of hemorrhage may benefit from
institution of empiric HLH treatment, or from postponing high-
risk procedures until after DIC has improved, however each
patient care scenario is unique. Although this idea is best tested
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prospectively, this would be difficult given the rarity of HLH and
the paucity of prospective trials.
This study has several limitations. Patients may have been

missed for inclusion in this single center study if the clinical team
did not suspect HLH and begin an evaluation. The prospective QI
intervention focused on reducing errors in testing and was not
capable of testing our proposed evaluation strategy, since this
strategy was developed from our retrospective analysis. Finally,
the QI outcomes were assessed across the institution, but the
interventions may not be applicable at other institutions
depending on test workflow and ordering practices. We expect
that the education-based QI effect will diminish with time and
staff turnover, and we are monitoring our evaluations to
maintain the gains achieved.
Successful HLH therapy requires prompt HLH recognition

and trigger identification. We found that diagnostic errors and
delays were surprisingly common, and we changed our systems
and workflow to prevent these errors. Early evaluation for
common infectious and malignancy triggers is paramount. We
analyzed our experience to develop a practical approach forHLH
evaluation to further guide clinicians when this initial evaluation
is unrevealing.We currently use this approach in clinical practice,
and with it, HLH loses most of its mystique originating from the
uncertainties of evaluation.
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