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Abstract
AIM
To systematically review liver disease associated with 
hemophagocytic lymphohistiocytosis (HLH), propose 
reasonable contraindications for liver transplantation 
for liver failure in HLH, and report an illustrative case.

METHODS
Systematic review according to PRISMA guidelines 
of hepatic manifestations of HLH using computerized 
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Core tip: This work systematically reviews liver disease 
in hemophagocytic lymphohistiocytosis (HLH), proposes 
contraindications for liver-transplantation in such pati
ents, and reports an illustrative case. A 47-year-old-
man was hospitalized with high-grade pyrexia, total-
bilirubin = 45 g/dL, and profound neutropenia. Bone 
marrow biopsy/aspirate revealed hemophagocytic his
tiocytes. The patient had HLH, satisfying 6 Histiocytic 
Society criteria. Liver-biopsy histopathology revealed 
relatively well-preserved hepatic parenchyma, except 
for sparse hepatocytic necrosis. The patient was not a 
liver-transplant-candidate, despite model for end stage 
liver disease-score = 33, due to multi-organ failure 
from HLH. He expired from multi-organ failure despite 
receiving corticosteroids. This case and systematic 
review reveals patients with HLH may not be liver tra
nsplant candidates because of liver failure from mul
tisystem failure.

Cappell MS, Hader I, Amin M. Acute liver failure secondary 
to severe systemic disease from fatal hemophagocytic lymp­
hohistiocytosis: Case report and systematic literature review. 
World J Hepatol 2018; 10(9): 629-636  Available from: URL: 
http://www.wjgnet.com/1948-5182/full/v10/i9/629.htm  DOI: 
http://dx.doi.org/10.4254/wjh.v10.i9.629

INTRODUCTION
Hemophagocytic lymphohistiocytosis (HLH) is a syn­
drome of aggressive immune hyperactivation from hy­
percytokinemia that frequently causes liver injury and 
sometimes causes acute liver failure (ALF) which can 
contribute to the high syndromic mortality. Systematic 
literature review revealed hundreds of reported cases 
of HLH in adults, but provides insufficient data on indi­
cations and contraindications for liver transplantation 
for ALF associated with HLH[1]. Liver transplantation 
for ALF associated with HLH is currently controversial 
due to prominent systemic morbidities from HLH, the 
generally poor condition of patients suffering from both 
ALF and HLH, potential curability of ALF from HLH with 
HLH-specific therapy alone, and risk of recurrent HLH 
after liver transplantation[2,3]. A case is reported of fatal 
HLH in an adult presenting prominently with ALF, with 
the liver injury primarily due to severe systemic disease 
from HLH, as documented by liver biopsy and clinical 
evaluation, and liver transplantation was refused on 
this basis. This case report is important in illustrating 
potential pitfalls in liver transplantation for ALF asso­
ciated with HLH.

MATERIALS AND METHODS
This case was thoroughly reviewed based on medical 
chart, including re-review of original endoscopic pho­
tographs by an expert endoscopist, radiologic images 
by an expert radiologist, and pathologic slides by an 

literature search via  PubMed of articles published 
since 1980 with keywords (“hemophagocytic lympho
histiocytosis” or “HLH”) AND (“liver” or “hepatic”). Two 
authors independently performed literature search and 
incorporated articles into this review by consensus. 
Illustrative case report presented based on review of 
medical chart, and expert re-review of endoscopic pho
tographs, radiologic images, and pathologic slides. 

RESULTS
A 47-year-old Caucasian male, was hospitalized with 
high-grade pyrexia, rash, total bilirubin = 45 g/dL, 
moderately elevated hepatic transaminases, ferritin 
of 3300 ng/dL, leukopenia, and profound neutropenia 
(absolute neutrophil count < 100 cells/mm³). Viral 
serologies for hepatitis A, B, and C were negative. 
Abdominal computed tomography scan and magnetic 
resonance imaging revealed no hepatic or biliary ab
normalities. Pathologic analysis of liver biopsy revealed 
relatively well-preserved hepatic parenchyma without 
lymphocytic infiltrates or macrophage invasion, except 
for sparse, focal hepatocyte necrosis. Bone marrow 
biopsy and aspirate revealed foamy macrophages en
gulfing mature and precursor erythrocytes, consistent 
with HLH. Interleukin-2 receptor (CD25) was highly 
elevated, confirming diagnosis of HLH according to 
Histiocytic Society criteria. Patient initially improved 
after high-dose prednisone therapy. Patient was judged 
not to be a liver transplant candidate despite model 
for end stage liver disease (MELD) score = 33 because 
liver failure was secondary to severe systemic disease 
from HLH, including septic shock, focal centrilobular 
hepatocyte necrosis from hypotension, bone marrow 
failure, and explosive immune activation from HLH. The 
patient eventually succumbed to overwhelming sepsis, 
progressive liver failure, and disseminated intravascular 
coagulopathy. Systematic review reveals liver injury is 
very common in HLH, and liver failure can sometimes 
occur. Data on liver transplantation for patients with 
HLH are very limited, and so far the results have shown 
a generally much worse prognosis than for other liver 
transplant indications. Liver transplantation should not 
be guided solely by MELD score, but should include liver 
biopsy results and determination whether liver failure is 
from intrinsic liver injury vs  multisystem (extrahepatic) 
organ failure from HLH.

CONCLUSION
This case report illustrates that liver transplantation 
may not be warranted when liver failure associated 
with HLH is primarily from multisystem failure from 
HLH. Liver biopsy may be very helpful in determining 
the severity and pathophysiology of the liver disease. 

Key words: Hemophagocytic lymphohistiocytosis; Acute 
liver failure; Liver injury; Liver transplantation; Acquired 
immune hyperactivation; Pancytopenia

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.
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panel was negative for hepatitis A, B, C, and E. Anti-
smooth muscle and anti-mitochondrial antibodies were 
absent in serum. Genotyping for hemochromatosis was 
negative for C282Y, and was heterozygous for H63D 
mutation. Abdominal ultrasound and computerized 
tomographic scans revealed normal hepatobiliary find­
ings. Magnetic resonance cholangiopancreatography 
revealed a normal biliary tree, and mild, diffuse, hepa­
tosplenic iron deposition. Histopathologic examination 
of a transjugular liver biopsy revealed relatively well-
preserved hepatic parenchyma without lymphocytic 
infiltrates or macrophages in nearly all the cores (Figure 
1A and B), except for sparsely distributed, focal, and 
small centrilobular hepatocellular necrosis (Figure 1D 
and E). Although M30 and M65 serum levels were not 
determined as assays for apoptosis, the patient only 
had aggregates of nonviable hepatocytes on liver bio­
psy examination which strongly favors the diagnosis 
of hepatocellular necrosis over that of apoptosis. Imm­
unohistochemical staining for CD-68, a marker for 
Kupffer cells and tissue macrophages, revealed only 
normal-appearing CD-68-positive Kupffer cells (dark 
brown staining, black arrows) with characteristic slender, 
elongated morphology in non-ischemic areas (Figure 
1C); but revealed an additional population of plump, 
CD-68 positive macrophages (blue arrows) within areas 
of focal hepatic necrosis (Figure 1F). CD-71, a marker 
for nucleated erythrocytes, showed no nucleated ery­
throcytes (no hemophagocytosis) within the Kupffer 
cells in the non-ischemic area or within macrophages 
in the ischemic areas (negative immunostains not sh­
own). Due to his employment as a sewer inspector, 
leptospirosis was excluded by absence of leptospiral 
antibodies. He was treated with intravenous (IV) az­
treonam and vancomycin after isolating Pseudomonas 
and group A streptococcus from blood cultures.

Histopathologic examination of a bone marrow bio­
psy and aspiration smears revealed hypocellular bone 
marrow due to marked granulocytic hypoplasia and 
prominent histiocytic hemophagocytosis (Figure 2). Pla­
sma cells present in the marrow showed no light chain 
restriction, and appeared to be reactive. Concomitant 
flow cytometry showed no evidence of Hodgkin’s lym­
phoma or leukemia. The patient was diagnosed with 
HLH by satisfying the following 6 of 8 diagnostic cri­
teria established by the Histiocyte Society (minimum 5 
criteria required for diagnosis of HLH): (1) temperature 
= 39.5℃ (qualifying-criterion: temperature > 38.5℃); 
(2) cytopenia of 2 blood cell lineages: hemoglobin = 8.6 
g/dL (qualifying-criterion: hemoglobin < 9.0 g/dL, lab 
normal: 13.5-17.0 g/dL), and absolute neutrophil count 
< 100/µL (qualifying-criterion: < 1000/µL, lab-normal: 
1600-7200 cells/µL); (3) fibrinogen = 135 mg/dL (qua­
lifying criterion < 150 mg/dL; lab-normal: 175-375 
mg/dL); (4) hemophagocytosis in bone marrow biopsy 
(qualifying-criterion: present); (5) ferritin = 3100 ng/
mL (qualifying criterion: > 500 ng/mL, lab-normal: 
14-338 ng/mL); and (6) elevated soluble interleukin 2 

expert pathologist. The IRB at William Beaumont Hos­
pital, Royal Oak exempted/approved this case report 
on November 15, 2017. 

Literature on hepatic manifestations of HLH was 
systematically reviewed searching PubMed for articles 
with the following medical subject headings/keywords 
(“hemophagocytic lymphohistiocytosis” or “HLH”) AND 
(“liver” or hepatic”), and by reviewing sections on HLH 
in standard pathology textbooks/monographs. Articles 
before 1980 were selectively excluded because clinical 
evaluations before 1980 often lacked currently required 
clinical tests. Large clinical trials, meta-analyses, sys­
tematic reviews, and controlled trials were assigned 
higher priority than review articles or small clinical 
series, and individual case reports were assigned the 
lowest priority. Two authors independently performed 
a literature search, and decided on which articles to 
incorporate in this review according to article priority 
based on consensus. Dr. Cappell has considerable 
experience in conducting systematic reviews, with 4 
published systematic reviews in peer-reviewed journals 
indexed in PubMed during the last 2 years, and with 
a PhD in neurophysiology that involved 5 years of trai­
ning and research in biomedical statistics.

Illustrative case report
A 47-year-old, non-alcoholic, non-obese, Caucasian 
man with type Ⅱ diabetes mellitus treated with oral 
glipizide and metformin for 4 years, and no prior liver 
disease presented with a pruritic, maculopapular rash 
over his entire body associated with progressive fatigue, 
pyrexia, and profound jaundice for 7 d that began just 
after completing a 10-d course of oral trimethoprim-
sulfamethoxazole therapy for an upper respiratory 
infection. Physical examination on admission revealed 
temperature = 39.5 ℃, blood pressure = 89/48 mmHg, 
profound jaundice, no abdominal tenderness, no hepa­
tosplenomegaly, no peripheral stigmata of chronic liver 
disease, and no peripheral lymphadenopathy. Labo­
ratory values included: Leukocyte count = 700/µL (lab 
normal: 3500-10100/µL), and platelets = 283000/µL 
(normal: 150000-400000/µL). The sodium = 116 
mmol/L (normal: 135-145 mmol/L), and creatinine = 
1.67 mg/dL (normal: 0.60-1.40 mg/dL). Total bilirubin 
= 45.1 mg/dL (normal: 0.3-1.2 mg/dL), direct bilirubin 
= 26.4 mg/dL (normal: 0.0-0.3 mg/dL), alkaline pho­
sphatase = 490 U/L (normal: 30-110 U/L), aspartate 
aminotransferase (AST) = 70 U/L (normal: 10-37 U/L), 
alanine aminoranferase (ALT) = 167 U/L (normal: 9-47 
U/L), gamma glutamyl transferase = 730 U/L (normal: 
13-60 U/L), albumin = 2.4 g/dL (normal: 3.5-5.1 g/dL), 
international normalized ratio (INR) = 1.9 (normal: 
0.9-1.1), and lipase = 9 U/L (normal: 7-60 U/L). The 
cholesterol = 661 mg/dL (normal: 70-199 mg/dL), 
triglyceride = 184 mg/dL (normal: 30-149 mg/dL), and 
HDL cholesterol = 5 mg/dL (normal: 40-90 mg/dL). 
Serum IgG level was normal.

The acetaminophen level was 0. Acute viral hepatitis 

September 27, 2018|Volume 10|Issue 9|

Cappell MS et al . Acute liver failure associated with HLH



632WJH|www.wjgnet.com

(IL-2)-receptor alpha = 9910 pg/mL (normal < 1033 
pg/mL) (additionally, Histiocytic Society criterion #2-not 
satisfied, and criterion #6-not tested). Patient then 
received prednisone 100 mg orally daily. Liver transplant 
evaluation concluded that the patient was not a liver 
transplant candidate despite MELD score = 33 because 
of severe systemic illnesses. The patient and family 
refused experimental therapy with artificial hepatic 
assist devices, such as liver dialysis machines. Patient 
was not treated with porous CytoSorb polymer beads 
(CytoSorbents Corporation, Monmouth Junction, New 
Jersey, United States) to adsorb toxic molecules from 
septic shock because of no institutional experience with 
this treatment.

Patient then bled at the prior liver biopsy site be­
cause of disseminated intravascular coagulopathy. He 
became hypotensive, and was endotracheally intuba­
ted. Hemostasis was achieved by embolizing two major 
hepatic artery branches during two arteriogram sessions. 
He was transfused 13 units of packed erythrocytes, 6 
units of fresh-frozen-plasma, 4 units of cryoprecipitate, 
and 4 units of platelets during this bleeding episode.

During the ensuing 10 d his ferritin increased > 
33000 ng/mL, and the bilirubin and transaminase levels 

modestly declined. Despite temporary clinical stabili­
zation after endotracheal intubation, numerous antibiotic 
therapeutic regimens, Ⅳ fluids, and Ⅳ vasopressors, the 
patient succumbed to overwhelming sepsis, disseminated 
intravascular coagulopathy, and liver failure 42-d after 
admission.

RESULTS
HLH has no racial or sexual predilection[4]. It most co­
mmonly affects infants < 18 mo old, but it can occur 
in older children and rarely occur in adults. It often pre­
sents with nonspecific symptoms and signs[4-6]. 

HLH has primary (genetic) etiologies, which usually 
manifest in infants with genetic immunologic muta­
tions[7], and secondary (acquired) etiologies which typi­
cally manifest in older children or adults. Secondary 
etiologies include infection, especially with Epstein-Barr 
virus[8,9] or herpes simplex virus-1[10]; malignancy; or 
autoimmune diseases (called macrophage activation 
syndrome when HLH is associated with autoimmune 
diseases)[11]. The common denominator in all acquired 
etiologies is disrupted immune homeostasis.

A B C

D E F

*

*

*

*

Figure 1  Liver biopsy. A, B: Low-power (A) and high-power (B) photomicrographs of a representative area of hematoxylin and eosin-stained section of the 
transjugular liver needle biopsy shows a normal portal triad (asterisk) and viable and relatively normal appearing hepatocytes with characteristically deeply eosinophilic 
cytoplasm and without evidence of hepatocyte necrosis, lymphocytic infiltrates, macrophages or hemophagocytic macrophages/histiocytes; C: Medium power 
photomicrograph with immunohistochemistry for CD-68, a molecular marker for Kupffer cells and tissue macrophages, shows CD-68 positive (brown staining) cells 
with elongated and slender morphology characteristic of Kupffer cells (arrows) within hepatic sinusoids; D, E: Low-power (D) and high-power (E) photomicrographs of 
hematoxylin and eosin-stained section of liver biopsy exhibiting focal centrilobular necrosis (asterisk), seen as a pale, circumscribed area containing pyknotic nuclei in 
liver biopsy specimen. Despite the liver failure, the areas of necrosis were sparsely distributed, and the overwhelming majority of the liver biopsy specimen contained 
viable and relatively well-preserved hepatocytes except for the cholestasis, demonstrated by a faint yellowish-brown tint in hepatocytes. No lymphocytic infiltrates or 
hemophagocytic macrophages/histiocytes are detected in this H and E stain; F: Medium-power photomicrograph with immunohistochemistry for CD-68, a molecular 
marker for Kupffer cells and macrophages, shows CD-68-positive (brown staining) plump cells with irregular contours characteristic of macrophages (blue arrows). 
The macrophages have been recruited to phagocytose the dying hepatocytes in the focally ischemic centrilobular area. 
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Prompt diagnosis is critical for patient survival, but 
the diagnosis is often delayed or overlooked, which 
contributes to its high mortality. HLH occurs in about 
1% of hematologic malignancies[12,13]; sometimes from 
chemotherapy for these malignancies[14]. Patients with 
malignancy have extremely high mortality, partly due to 
delayed diagnosis of HLH[15,16]. Suggested mechanisms 
of HLH associated with malignancy include: profound 
inflammation from immune activation, persistent anti­
gen stimulation by cancer cells, and deranged immune 
response secondary to chemotherapy.

The Histiocyte Society criteria, which are the genera­
lly accepted diagnostic criteria, are very strict and can, 
therefore, miss some cases of HLH (false negatives). 
HLH should be clinically considered in patients satisf­
ying 3 or 4 criteria[4]. Moreover, the Histiocyte Society 
incorporates two tests with limited clinical availability: 
Level of α chain of soluble interleukin-2 receptor (sIL-
2r)[17], and 51-Cr release assay reflecting NK-cell activi­
ty; unavailability of these tests militate against early 
diagnosis and therapy. Ferritin levels provide a reliable 
prognostic indicator and monitor of treatment efficacy[18]. 

Treatment focuses on controlling the triggering event, 
such as underlying viral infection, when identified, and 
on 8-wk-induction-therapy with immunosuppresants, 
including corticosteroids, etoposide, and cyclosporine, to 
suppress exaggerated immune responses in HLH. The 
precipitating event in the current patient was likely the 
antecedent upper respiratory infection, but the specific 
(presumably viral) infectious agent was not identified 
despite extensive (viral) work-up. This patient was tre­
ated with high-dose prednisone, but not etoposide or 
cyclosporine because of the profound hyperbilirubinemia. 
Allogeneic hematopoietic stem cell transplantation (allo-
HSCT), can sometimes achieve complete remission 
when the patient presents with profound HLH without 
life-threatening liver failure[19-21].

Patients with established HLH commonly demon­
strate markedly elevated biochemical parameters of 
liver function. For example, among 30 adult patients 
with HLH, about 60% had AST > 2 times the upper 

limit of normal[22,23]. Likewise, about 60% of patients 
had lactate dehydrogenase (LDH) > 2 times the upper 
limit of normal[22,24]. About 80% of patients present 
with jaundice[23], which is often profound[25]. The hyper­
bilirubinemia is predominantly direct. In a study of 28 
patients, 9 had moderately severe hypertriglyceride­
mia, with levels > 265 mg/dL, from cholestasis[26]. Hy­
poalbuminemia is common, reflecting decreased liver 
synthetic function[27]. Up to 90% of patients with advan­
ced HLH have severe coagulopathies or disseminated 
intravascular coagulopathy[22,23,28]. Liver injury is associa­
ted with overproduction of cytokines[17]. Severely elevated 
ferritin levels, and iron overload, detected by hepatic 
magnetic resonance imaging (MRI), reflect severe hepatic 
injury. 

Lymphocytes commonly infiltrate the liver from 
immune activation from HLH. For example, in a study 
of 27 autopsies of infants or children with congenital 
HLH, 22 (81%) had lymphocytic infiltrates, including 
13 (48%) with dense lymphocytic infiltrates[27]. Lym­
phocytic infiltrates are more commonly periportal than 
centrilobular[28]. Treatment with corticosteroids or other 
immunosuppresants may decrease the density and 
distribution of intrahepatic lymphocytic infiltrates[27]. 
Macrophages are occasionally present in the liver, but 
hemophagocytic macrophages are detected in only 
about 10% of liver biopsies, whereas hemophagocytic 
macrophages are commonly detected in spleen or bone 
marrow biopsies[27].

ALF is currently reported secondary to HLH which 
was diagnosed based on satisfying 6 of 8 criteria for 
HLH. Despite biochemical evidence of severe hepatic 
injury, this patient had only focal hepatic necrosis, and 
relatively well-preserved hepatocytes in the rest of 
the biopsy sample, without intrahepatic lymphocytic 
infiltration or hemophagocytic macrophages. This 
patient had not received corticosteroids or other imm­
unosuppresants prior to liver biopsy, which could have 
attenuated intrahepatic lymphocytic infiltration. These 
relatively bland liver biopsy findings in the setting of 
ALF strongly suggest that liver failure in this patient 

A B

Figure 2  Hemophagocytosis in bone marrow. A: High-power photomicrograph of Diff Quick stain of bone marrow smear showing two large macrophages with 
foamy cytoplasm within a background of mature erythrocytes. The macrophage on the right has phagocytosed a mature erythrocyte (pink cell with no nucleus, higher 
arrow) and a nucleated erythrocyte precursor (pink cell with deeply purple nucleus, lower arrow; B: high-power photomicrograph of another large macrophage with 
foamy cytoplasm containing two phagocytosed nucleated erythrocyte precursor cells (purple nucleus, two arrows).
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with HLH is not necessarily from intrinsic liver disease, 
say from viral infection or drug toxicity, but may be 
secondary to multi-organ, systemic, and extrahepatic 
injury from HLH.

Liver transplantation has been offered to patients 
who present predominantly with ALF, from severe 
hepatic inflammation and necrosis, in association with 
potentially reversible HLH[1-3]. In a literature review of 
7 individual case reports, only 2 (28%) of 7 patients 
undergoing liver transplantation for ALF with HLH sur­
vived > 6 mo[2,3]. In a small clinical series, 9 pediatric 
patients underwent liver transplantation for life-thre­
atening ALF associated with secondary HLH[3]. These 
patients typically had extremely abnormal liver function 
tests: ALT = 2512 ± 1158 U/L, (range: 1135-4113 
U/L), AST = 3165 ± 2276 U/L (range: 779-8789 U/L), 
conjugated bilirubin = 257 ± 108 micromol/L (range: 
141-448 micromol/L, normal 0-2 micromol/L), and 
INR = 7.7 ± 1.7 units (range: 3.9- > 9 units). Liver 
biopsy in these patients generally revealed severe-to-
massive (25%-95%) hepatocyte necrosis, lymphocytic 
infiltrates, numerous macrophages, and intrahepatic 
erythrophagocytosis[3]. These patients had extremely 
frequent medical and surgical complications after 
transplantation, including: severe or opportunistic in­
fections-6, acute liver rejection-5, recurrent HLH-5, bile 
duct strictures-3, post-transplant lymphoproliferative 
disease of liver-2, bowel obstruction-1, and wound 
dehiscence-1. Three patients died at 1.5, 8, and 14 
mo after liver transplantation. The other 6 pediatric 
patients were alive and well at a median of 24 mo after 
liver transplantation[3].

In contradistinction, the currently reported patient 
had much less evident liver injury, but severe clinical 
manifestations of HLH. The current work may suggest 
that liver transplantation is not indicated for HLH when: 
(1)-ALF is not present or imminent (MELD score < 
20-22); (2)-the patient has a poor prognosis due to 
the combined effects of ALF and HLH; (3)-the liver 
injury by itself does not underlie this poor patient prog­
nosis; or (4)-the HLH is advanced and highly likely 
irreversible. This case illustrates three of these factors 
that militated against liver transplantation; in the 
current case the ALF was most likely from septic shock 
with focal centrilobular ischemia from hypotension, 
bone marrow failure, and explosive immune activation 
from HLH.

This prior clinical data suggest caution in liver trans­
plantation for HLH. The data are limited. Reported 
outcomes for liver transplantation with HLH are much 
worse than that for liver transplantation without HLH[3]. 
The current work suggests that high mortality from 
advanced and likely irreversible HLH may limit the 
benefits of liver transplantation. Liver biopsy may be 
very helpful to assess the liver injury and to determine 
whether ALF associated with HLH is due primarily 
to intrinsic liver injury vs secondary to extrahepatic 
injury from HLH to help determine whether liver trans­
plantation is warranted. 

About 25% of patients had a rash associated with 
HLH in one large study[28]. The rash is most commonly 
generalized, maculopapular, and erythematous[29]. 
Patients can also have petechiae and purpura from 
thrombocytopenia. This patient’s rash started after ad­
ministering trimethoprim-sulfamethoxazole and was 
most likely secondary to it.

DISCUSSION
HLH frequently involves the liver. It frequently causes 
AST levels > 2 times the upper limit of normal[22,23], 
frequently causes LDH levels > 2 times the upper limit of 
normal[22,24], and very frequently causes profound direct 
hyperbilirubinemia[23,25]. Patients may also commonly 
present with moderately severe hypertriglyceridemia 
from cholestasis[26], and hypoalbuminemia from de­
creased liver synthetic function[27]. The liver injury is 
associated with overproduction of cytokines[17], severe 
hepatic inflammation, and potentially hepatic necrosis.

When patients present with imminent or confirmed 
liver failure from predominantly liver involvement 
from HLH, liver transplant may be considered[1-3]. In 
such cases, the liver failure may be documented by 
a MELD score > 24-26, and the liver failure should 
contribute significantly to the poor patient prognosis. 
Liver biopsy should be performed to determine the 
extent of the liver injury and the relative roles of 
intrinsic liver injury vs systemic HLH in the patient’s 
ALF. However, the current case illustrates that patients 
may be poor candidates for liver transplantation from 
ALF secondary to HLH, if the HLH is likely irreversible, 
or if the patient has major comorbidities (systemic 
complications) from the HLH that are highly lethal. 
For example, the currently reported patient had highly 
lethal, comorbidities of overwhelming sepsis, shock, 
and disseminated intravascular coagulopathy, that 
precluded liver transplantation despite having a MELD 
score of 33 that would normally qualify the patient for 
liver transplantation. This work illustrates that decisions 
on liver transplantation in patients with HLH depend 
upon the presence of imminent or present ALF, the 
potential reversibility of the HLH, and the absence of 
severe comorbidities associated with the HLH that 
are most likely fatal. Patients with high MELD scores 
in the setting of HLH should be evaluated for liver 
transplantation before these highly lethal complications 
supervene.

Study limitations include: (1) this is a single retros­
pectively reported case report; (2) the etiology of HLH 
was undetermined, as occurs in about 25% of adult 
cases[4,30]; (3) the microbiology of the antecedent upper 
respiratory infection, that likely stimulated the HLH, is 
unknown; (4) the reported pathologic findings at liver 
biopsy are subject to sample bias; and (5) the possible, 
but unlikely, role of trimethoprim-sulfamethoxazole in 
the ALF[31]. Study strengths include the well-established 
diagnosis of HLH, and the academic evaluation of this 
patient at a tertiary-care-university hospital with a liver 
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transplant center.

ARTICLE HIGHLIGHTS
Research background
Hemophagocytic lymphohistiocytosis (HLH) is a syndrome of aggressive 
immune hyperactivation from hypercytokinemia that frequently causes liver 
injury and sometimes causes acute liver failure (ALF) that can contribute to the 
high syndromic mortality. Systematic literature review revealed hundreds of 
reported cases of HLH in adults, but provided insufficient data on the patterns 
and pathophysiology of the liver injury. It is particularly important to clinically 
determine whether ALF associated with HLH is due primarily to intrinsic liver 
injury vs secondary to extrahepatic causes from the HLH, to help determine 
whether liver transplantation is potentially warranted. A case is reported of fatal 
HLH in an adult presenting prominently with ALF, with the liver injury secondary 
to severe systemic disease from HLH, as documented by liver biopsy and 
clinical evaluation, and liver transplantation refused on this basis.

Research motivation
It is clinically important to determine whether ALF associated with HLH is 
primarily from intrinsic liver injury vs secondarily from extrahepatic injury from 
HLH to help determine the potential efficacy of liver transplantation for ALF 
associated with HLH. ALF from direct liver injury from HLH might be treatable 
by liver transplantation, whereas liver injury secondary to extrahepatic damage 
from HLH would be unlikely to be successfully treated by liver transplantation. 

Research objectives
To determine whether ALF associated with HLH is due primarily to intrinsic liver 
injury vs secondary to extrahepatic injury from HLH to help determine whether 
liver transplantation is potentially warranted. This study involves systematic 
review of the literature on liver injury associated with HLH. Additionally, a case 
report is presented to illustrate that a patient with ALF secondary to HLH may 
be an inappropriate candidate for liver transplantation, despite a high model 
for end stage liver disease (MELD) score, when the patient has other likely 
lethal complications of HLH, such as overwhelming sepsis, septic shock, 
or disseminated intravascular coagulation secondary to explosive immune 
activation from HLH.

Research methods
Literature on hepatic manifestations of HLH, including liver injury or ALF 
secondary to HLH, was systematically reviewed by computerized search using 
PubMed for articles with the following medical subject headings/keywords 
(“hemophagocytic lymphohistiocytosis” or “HLH”) AND (“liver” or hepatic”), and 
by reviewing sections on HLH in standard pathology textbooks/monographs. 
Articles before 1980 were selectively excluded because clinical evaluations 
before 1980 often lacked currently required clinical tests of hepatic function, 
radiologic imaging of hepatic anatomy, and modern criteria for HLH. Large 
clinical trials, meta-analyses, systematic reviews, and controlled trials 
were assigned higher priority than review articles or small clinical series, 
and individual case reports were assigned the lowest priority. Two authors 
independently performed a literature search, and decided on which articles to 
incorporate into this review according to article priority based on consensus. Dr. 
Cappell has considerable experience in conducting systematic reviews, with 4 
systematic reviews in peer-reviewed journals, indexed in PubMed, published 
during the last 2 years, and with a PhD in neurophysiology that involved 5 years 
of training and research in biomedical statistics. A case report is presented to 
illustrate that a patient with ALF secondary to HLH may be an inappropriate 
candidate for liver transplantation, despite a high MELD score, when the patient 
has other, likely lethal, complications of HLH. This case report was thoroughly 
analyzed based on the medical chart, including re-review of original endoscopic 
photographs by an expert endoscopist, radiologic images by an expert 
radiologist, and pathologic slides by an expert pathologist. 

Research results
This systematic review shows that HLH frequently involves the liver. It 
frequently causes aspartate aminotransferase levels > 2 times the upper limit 
of normal, frequently causes LDH levels > 2 times the upper limit of normal, 

and very frequently causes profound direct hyperbilirubinemia. Likewise, 
patients commonly present with moderately severe hypertriglyceridemia from 
cholestasis, and hypoalbuminemia from decreased liver synthetic function. 
The liver injury is associated with overproduction of cytokines, severe hepatic 
inflammation, and potentially hepatic necrosis. When patients present with 
imminent or evident ALF predominantly from direct liver involvement from 
HLH, liver transplant may be potentially indicated. In such cases, the ALF may 
be documented by a MELD score > 24-26, and the ALF should contribute 
significantly to the poor prognosis. However, the currently reported case 
illustrates that patients may be poor candidates for liver transplantation from 
ALF secondary to HLH, when the HLH is likely irreversible, or if the patient has 
potentially lethal, major, comorbidities (systemic complications) from the HLH. 
For example, the currently reported patient had highly lethal, comorbidities of 
overwhelming sepsis, shock, and disseminated intravascular coagulopathy, that 
precluded liver transplantation despite having a MELD score of 33, which would 
normally have qualified the patient for liver transplantation. This work illustrates 
that decisions on liver transplantation in patients with HLH depend upon the 
presence of imminent or evident ALF, the potential reversibility of the HLH, and 
the absence of severe and most likely fatal comorbidities associated with HLH. 

Research conclusions
HLH frequently involves the liver and can directly cause severe liver injury 
or ALF from hepatic inflammation and hepatic necrosis from explosive 
immune hyperactivation related to hypercytokinemia. HLH can also indirectly 
cause livery injury from extrahepatic disease secondary to HLH, such as 
overwhelming sepsis, septic shock, hypoxemia, and disseminated intravascular 
coagulation. It is important to determine the relative contributions of these two 
alternative mechanisms of liver injury when contemplating liver transplantation 
for HLH. Intrinsic liver disease may respond to liver transplantation, whereas 
liver injury secondary to extrahepatic causes, such as septic shock, is unlikely 
to respond to liver transplantation if the extrahepatic causes are irreversible. 

Research perspectives
This work places in perspective that decisions on liver transplantation for ALF 
associated with HLH must consider not only the functional status of the liver, 
as indicated by the MELD score, but the etiology of the liver injury. When the 
liver injury is directly from the HLH (e.g., hepatic inflammation and necrosis 
from hypercytokinemia) liver transplantation may be considered, whereas 
when the liver injury is secondary to extrahepatic (other organ) failure (e.g., 
overwhelming sepsis, hyperimmune activation in other organs, disseminated 
intravascular coagulation, or respiratory failure) liver transplant is unlikely to 
be successful. This concept is illustrated by a case report wherein the ALF 
associated with HLH was secondary to extrahepatic causes and not amenable 
to liver transplantation, and by systematic review of liver injury from HLH. This 
work may prove useful to clinicians in decisions on whether to perform liver 
transplantation for ALF associated with HLH. 
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