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Abstract

Background and study aims : Hypoxic hepatitis (HH) is an acute 
liver injury that develops in patients with underlying diseases, 
such as heart failure, respiratory failure, septic/toxic shock. 
However, some patients do not have underlying diseases or episodes 
which are known to result in HH. Here, we analyzed the clinical 
characteristics of this particular patient group (called ‘unknown 
HH’ hereafter) to understand its pathogenesis.

Patients and methods : Between October 2010 and January 2016, 
157 consecutive patients with acute liver injury were admitted to 
our hospital. Among these patients, 15 patients were categorized as 
unknown HH. Medical histories and blood test results of unknown 
HH were analyzed. 

Results : Among 15 patients of unknown HH, 11 were habitual 
drinkers and all experienced one of digestive symptoms which might 
result in mild hypovolemia such as vomiting, diarrhea, appetite loss, 
and epigastralgia. All patients of unknown HH presented marked 
elevation of serum ferritin concentration paralleled with aspartate 
transaminase (AST), alanine transaminase (ALT), and lactate 
dehydrogenase (LDH) concentrations. The serum levels of ferritin, 
ALT, LDH, and prothrombin time-international normalized ratio 
(PT-INR) were rapidly decreased during hospitalization and all 15 
patients of unknown HH recovered without any complication. 

Conclusions : We found the particular group of HH with 
marked elevation of serum ferritin probably due to intrahepatic 
macrophage activation. Anti-inflammatory treatments might be 
effective for this group of hypoxic hepatitis. (Acta gastroenterol. 
belg., 2021, 84, 317-320). 
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Abbreviations : HH (hypoxic hepatitis), AST (aspartate 
transaminase), ALT (alanine transaminase), LDH (lactate 
dehydrogenase), PT-INR (prothrombin time-international 
normalized ratio), HAV (hepatitis A virus), HBV (hepatitis 
B virus), HCV (hepatitis C virus), γ-GTP (γ-glutamyl 
transpeptidase), FDP (fibrin degradation product), TASIT 
(transcatheter arterial steroid injection therapy), AN (anorexia 
nervosa).

Introduction

Hypoxic hepatitis (HH) is a type of acute liver injury 
that occurs mostly in patients with cardiac, respiratory, 
or circulatory failure (1,2). HH is defined by three 
conditions, a clinical setting prone to reduced oxygen 
delivery or utilization by the liver, a drastic and transient 

increase in serum aminotransferase level, and exclusion 
of other causes of liver injury such as viral hepatitis or 
drug-induced liver injury (2). The prognosis of patients 
with HH is generally poor, with reported in-hospital 
mortality rates of 45-72% (3-6).

Ninety percent of the underlying diseases of HH is due 
to reduced cardiac output, respiratory failure, or septic/
toxic shock (3-6). HH can be caused by hypoglycemia 
in children, liver cirrhosis, diffuse metastatic infiltration 
into the liver, heatstroke, sickle cell disease, grand mal 
seizure, extreme anemia, obstructive sleep apnea, aortic 
aneurysm, acute lower limb ischemia, Budd-Chiari 
syndrome, and hereditary hemorrhagic telangiectasia (1). 
However, some patients do not have underlying diseases 
or episodes which are known to result in HH. 

Here, we analyzed the clinical characteristics of 
this particular patient group (called ‘unknown HH’) to 
understand the mechanism of hypoxic hepatitis in this 
group.

Methods

Between October 2010 and January 2016, 157 con-
secutive patients with acute liver injury were admitted 
to our hospital. Seven patients in the late stage of acute 
liver failure on admission were excluded. Causes of 
acute liver injury in the remaining 150 patients were 
hepatitis A virus (HAV) infection (18 patients), hepatitis 
B virus (HBV) infection (26 patients), hepatitis C virus 
(HCV) infection (one patient), autoimmune hepatitis (26 
patients), Epstein-Barr virus infection (three patients), 
drugs (12 patients), alcohol (15 patients), Wilson’s disease 
(four patients), adult-onset Still disease (two patients), 
hepatic amyloidosis (one patient), HH (20 patients) and 
undetermined etiology (22 patients). Among 20 patients 
of HH, 5 patients had underlying diseases including 
chronic heart failure or causative episodes such as shock 
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been diagnosed with viral gastro-colitis at their referring 
facilities one day before admission (Table 1). All patients 
with unknown HH presented at least one of the above 
symptoms, which could cause mild hypovolemia. On 
admission, all 15 patients of unknown HH showed a 
collapse of the external jugular vein when in the supine 
position without deterioration in cardiac output or 
reduced systolic blood pressure. Ten patients (67%) had 
a mild fever (>37°C) and 11 (73%) had mild tachycardia 
(>80/min). None experienced a reduction in peripheral 
capillary oxygen saturation or respiratory disturbance. 
Hepatic encephalopathy was confirmed in three patients.

Laboratory tests on admission and temporal changes 
during hospitalization

The serum level of LDH of unknown HH was elevated 
in parallel with those of AST and ALT on admission, 
which is consistent with the typical features of HH (Table 
2). The fibrin degradation product (FDP) concentration 
of unknown HH was increased except for patient No 
5 (Table 2). The serum ferritin concentration which 
generally was not reported to be increased in HH was 
markedly elevated in all 15 patients in unknown HH 
(Table 2). 

According to the current procedure in our hospital, 
patients were treated by transcatheter arterial steroid 
injection therapy (TASIT), plasma exchange, anti-coagu-
lation treatment using recombinant thrombomodulin 
and antithrombin-III. The serum levels of ferritin, 
LDH, ALT, and PT-INR were rapidly decreased during 
hospitalization (Fig. 1) and all 15 patients with unknown 
HH recovered without any complication. 

Discussion

Hypoxic hepatitis is generally caused by hemodynamic 
failure due to cardiac, respiratory, or septic/toxic shock, 

state and sepsis. We defined fifteen patients who did not 
have underlying diseases or episodes which are known to 
result in HH as ‘unknown HH’ group. 

Medical histories and blood test results on admission 
were recorded ; the latter included complete blood 
cell counts, general hepatic function tests, coagulation 
ability including disseminated intravascular coagulation 
markers, and viral markers. Temporal changes during 
hospitalization in general hepatic function tests and 
coagulation ability, as well as treatment methods and 
prognosis in the HH patients were also recorded. 

This study was approved by the Kyushu University 
Hospital Ethics Committee. Informed consent of in-
dividual patients was not obtained because this study was 
designed as a retrospective study. 

Results

Clinical characteristics on admission of the unknown HH 
group

The mean age of unknown HH was 40 years old (18-
81) and 11 of them were male and four were females 
(Table 1). Before admission, five patients of unknown 
HH were heavy drinkers (daily alcohol intake >120 g), six 
were regular drinkers (>60 g), and four were non-drinker 
(Table 1). Their blood test results could be distinguished 
from those of alcoholic hepatitis which is generally 
characterized by markedly elevated bilirubin levels, 
moderately elevated transaminases usually below 300 
IU/mL with an AST/ALT ratio >2, elevated γ-glutamyl 
transpeptidase (γ-GTP), and leukocytosis with neutrophil 
predominance (7). 

Just before the onset of liver injury, seven patients of 
unknown HH experienced vomiting, two had diarrhea, 
seven had appetite loss or epigastralgia that prevented 
them from taking fluids, three had a high fever over 39 
°C, and four drunk alcohol heavily. Patients 2 and 6 had 

No. Age Sex Preceding episode Daily drinking
Vital signs on admission

B.T. (°C) B.P. (mmHg) H.R. (/min) SpO2 (%, room air) H.E.
1 60 Male Appetite loss/heavy drinking Heavy 37.0 177/92 60 96 0
2 37 Female Vomiting/appetite loss Heavy 37.1 121/89 91 97 0
3 38 Male Vomiting/fever Regular 36.8 104/53 88 97 0
4 55 Male Epigastralgia/high fever Regular 38.7 151/102 102 96 0
5 40 Female Diarrhea/appetite loss/heavy drinking Heavy 36.3 145/87 95 98 0
6 18 Female Diarrhea/high fever None 38.9 126/91 73 98 0
7 37 Female Fever/appetite loss/heavy drinking Regular 37.1 115/57 105 98 0
8 71 Male High fever (influenza)/ appetite loss None 36.5 138/63 71 98 0
9 39 Male Vomiting/fever None 37.3 151/109 90 98 0
10 81 Male Heavy drinking Heavy 36.9 124/82 99 95 3
11 69 Male Vomiting/fever Regular 37.6 134/89 102 96 2
12 40 Male Vomiting/fever Regular 37.2 119/68 62 98 0
13 48 Male Vomiting/fever Heavy 37.2 126/60 86 98 0
14 21 Male Epigastralgia/appetite loss None 38 152/93 93 99 1
15 49 Male Vomiting/fever Regular 37.6 117/68 93 94 0

Table 1. — Preceding episodes and vital signs of the patients of unknown HH on admission

Abbreviations : B.T., body temperature ; B.P., blood pressure ; H.R., heart rate ; SpO2, peripheral capillary oxygen saturation ; H.E., hepatic 
encephalopathy. 
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in sinusoidal fibrin deposition and consequent hepatic 
microcirculatory impairment. All 15 patients of HH 
with hyperferritinemia presented at least one digestive 
symptom such as vomiting, diarrhea, appetite loss, and 
epigastralgia and 11 patients were habitual drinkers 
(Table 1). It is well known that habitual drinkers are prone 
to portal endotoxemia because their intestinal barrier 
function is dysregulated (8) and endotoxin activates 
macrophage and stimulate the production of ferritin 
(9,10). The median concentration of serum ferritin of 
15 patients was 27850 ng/mL, which is comparable to 
the level observed in patients with hemophagocytic 
lymphohistiocytosis in which activated macrophages are 
supposed to secrete large amount of ferritin (11). The fact 
that activation of intrahepatic macrophages can induce 
sinusoidal fibrin deposition and subsequent hepatic 
microcirculatory impairment has been demonstrated 
in murine acute liver injury models (12,13) and human 
acute liver failure caused by HAV or HBV (14,15). In 
addition, Shibayama et. al. reported fibrin thrombi were 
observed around the centrilobular necrotic area in hepatic 
congestion patients and they speculated its pathogenesis 
could be portal endotoxemia (16). 

Another possible mechanism of hyperferritinemia 
in HH might be upregulated autophagy in hepatocytes 
under malnutrition. A slight elevation of serum ferri-
tin and hepcidin was reported in anorexia nervosa 
(AN) patients even though their liver function tests 
were normal (17). Although the precise mechanism 
of hepcidin upregulation in AN remains unknown, 
increased hepcidin binds to its receptor ferroportin on 
duodenal enterocytes, hepatocytes, and macrophages and 
inhibits iron secretion from these cells, which results in 
elevated ferritin levels in these cells and serum (18). On 
the other hand, starvation promotes autophagy to provide 
amino acids as cellular energy source (19). Malnutrition 
in AN promotes hepatocellular autophagy which initially 

but there are particular forms of hypoxic hepatitis (3-
6). A variety of causes have been reported to cause HH 
such as hypoglycemia, liver cirrhosis, diffuse metastatic 
infiltration into the liver, heatstroke, sickle cell disease, 
grand mal seizure, extreme anemia, obstructive sleep 
apnea, aortic aneurysm, acute lower limb ischemia, 
Budd-Chiari syndrome, and hereditary hemorrhagic 
telangiectasia (2). However, underlying diseases or 
episodes could not be identified in some cases of HH.

We report another form of hypoxic HH hitherto not 
reported : HH with marked elevation of serum ferritin 
(HH with hyperferritinemia). Our hypothesis is that 
endotoxemia due to intestinal barrier dysfunction 
might activate intrahepatic macrophages which results 

No AST ALT LDH Ferritin PT-INR FDP TASIT PE rTM AT-III
(IU/L) (IU/L) (IU/L) (ng/mL) (μg/mL)

1 5577 2615 5728 15580 1.81 17 Done Done Done Done
2 2619 2768 3036 3775 1.66 12.9 ND ND ND ND
3 7945 3543 3465 42369 2.43 9 Done Done Done Done
4 37968 9626 30499 146517 5.97 99.5 Done Done Done ND
5 4912 3241 3091 17467 1.74 5 Done Done ND ND
6 9483 6607 8477 11940 1.64 57.9 Done Done Done Done
7 15565 6113 10520 46530 4.17 18.4 Done Done ND Done
8 2241 2349 1523 6631 1.68 11.7 ND Done Done Done
9 3755 2682 2394 6651 1.59 5.1 Done Done Done Done
10 4588 1819 3068 54254 5.32 26.5 Done Done Done Done
11 5497 1974 4320 27850 2.07 24.2 ND ND ND Done
12 6200 3076 3874 115930 1.8 15 Done Done Done Done
13 20272 5679 8634 213600 2.37 31.6 Done Done Done Done
14 6921 4780 5035 14377 1.91 182.4 Done Done Done Done
15 18391 7274 8123 251970 2.5 15.3 Done Done Done Done

Table 2. — Individual laboratory data on admission and treatments of patients with unknown HH

Abbreviations : AST, aspartate transaminase ; ALT, alanine transaminase ; γ-GTP, γ-glutamyl transpeptidase ; LDH, lactate dehydrogenase ; ALP, 
alkaline phosphatase ; BUN, blood urea nitrogen ; PT-INR, prothrombin time-international normalized ratio ; FDP, fibrin degradation product ; TASIT, 
transcatheter arterial steroid injection therapy ; PE, plasma exchange ; rTM, recombinant thrombomodulin ; AT-III, antithrombin-III ; ND, not done.

Figure 1. —  Temporal changes of serum concentrations of 
ferritin (a), LDH (b), and ALT (c), and PT-INR (d) in unknown 
HH patients during the first 2 weeks of hospitalization.
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helps hepatocytes to cope with malnutrition but finally 
progress to autophagic cell death (19). Although marked 
elevation of serum liver enzymes including AST, ALT, 
and LDH is not common in AN, there are several case 
reports in severe AN patients (20-22). Unfortunately, 
serum ferritin concentration was not described in these 
reports, however, it is plausible that increased ferritin 
content in hepatocytes might be deviated into blood 
concomitant with liver enzymes. Given that HH patients 
with hyperferritinemia tended to be undernourished 
because they had digestive symptoms and were habitual 
drinkers, hepatocyte autophagy might be involved in the 
pathogenesis of HH with hyperferritinemia.

Accordingly, we treat our patients by transcatheter 
arterial steroid injection therapy (TASIT), plasma ex-
change, anti-coagulation treatment using recombinant 
thrombomodulin and antithrombin-III. TASIT is a pro-
cedure we developed in 2005 to treat patients with acute 
liver failure, intending to reduce the activity of intrahepatic 
macrophages (14). Briefly, each patient was injected 
with 1,000 mg/day methylprednisolone for three days 
via a catheter placed in the proper hepatic artery. Of the 
15 patients of HH with hyperferritinemia, 12 underwent 
TASIT, 13 underwent PE, and 13 received anticoagulant 
treatment with recombinant thrombomodulin and/or 
antithrombin-III (Table 2). Although, the prognosis of HH 
patients is generally poor (3-6), all of 15 patients of HH 
with hyperferritinemia recovered without complication. 
Given that activated macrophages may play a pivotal role 
in HH with hyperferritinemia, a strong anti-inflammatory 
effect exerted by direct steroid administration into the 
livers by TASIT may contribute to the good prognosis of 
our patients.

Conclusion

We analyzed the acute liver injury patients without 
any underlying disease or episode which are known 
to result in HH and found they were characterized 
by marked elevation of serum ferritin concentration. 
The pathogenesis of this particular HH group might 
be intrahepatic macrophage activation due to portal 
endotoxemia or autophagic hepatocyte death under 
malnutrition. Anti-inflammatory treatments might be 
effective for this group of hypoxic hepatitis. 
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