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The diagnostic criteria of fulminant hepatitis in Japan are dif-
ferent from those of acute liver failure in Europe and the
United States, both in regard to the histological features in
the liver and the cutoff values of the prothrombin time. Thus,
the Intractable Hepato-Biliary Disease Study Group estab-
lished novel diagnostic criteria for “acute liver failure” in
Japan based on the demographic and clinical features of the
patients. Patients showing prothrombin time values of 40% or
less of the standardized values or international normalized
ratios of 1.5 or more caused by severe liver damage within
8 weeks of onset of the symptoms are diagnosed as having
“acute liver failure”, where the liver function prior to the
current onset of liver damage is estimated to be normal.
Acute liver failure is classified into “acute liver failure without
hepatic coma” and “acute liver failure with hepatic coma,”

depending on the severity of the hepatic encephalopathy; the
latter is further classified into two types, the “acute type” and
the “subacute type”, in which grade 1l or more severe hepatic
coma develops within 10 days and between 11 and 56 days,
respectively, after the onset of disease symptoms. Patients
without histological findings of hepatitis, such as those with
liver damage caused by drug toxicity, circulatory disturbance
or metabolic disease, are also included in the disease entity of
“acute liver failure”, while acute-on-chronic liver injuries, such
as liver injury caused by alcohol, are excluded. A nationwide
survey of “acute liver failure” in Japan based on the novel
criteria is proposed.

Key words: acute liver failure, diagnostic criteria, fulminant
hepatitis, hepatic encephalopathy, late onset hepatic failure

INTRODUCTION

IFFERENCES EXIST IN the demographic and clini-
cal features of patients with acute liver failure
between Japan and Europe and/or the United States.
Hepatitis viral infection is the most important and fre-
quent cause of acute liver failure in Japan,! while
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acetaminophen-induced toxic liver injury prevails as the
major cause of acute liver failure in Furope and the
United States.? Thus, acute liver failure has been typi-
cally represented by fulminant hepatitis in japan, and
the diagnostic criteria for “fulminant hepatitis”, which
were different from those for “acute liver failure” in
Europe and the United States, were established by
the Inuyama Symposium in 19812 According to the
Inuyama Symposium criteria, patients with hepatitis
were diagnosed as having fulminant hepatitis when they
developed grade II or more severe hepatic encephalopa-
thy within 8 weeks of the onset of hepatitis symptoms
due to severe liver damage as represented by prothrom-
bin time values of 40% or less as compared to the.
standardized values. Fulminant hepatitis was further
classified into two disease types, acute and subacute
types of fulminant hepatitis, on the basis of the
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Table 1 Diagnostic criteria for fulminant hepatitis in Japan established by the Intractable Liver Diseases Study Group of Japan, the

Ministry of Health, Welfare and Labour (2003)

Fulminant hepatitis is defined as hepatitis with hepatic encephalopathy of grade I or more, develops in patients within 8 weeks
of the onset of disease symptoms, and is associated with severe derangement of the liver function, including prothrombin
time values of less than 40% of the standardized values. Fulminant hepatitis is classified into two subtypes: the acute type
and the subacute type, according to whether the encephalopathy occurs within 10 days and later than 11 days, respectively,

after the onset of the symptoms.

Note 1: Patients with chronic liver diseases are excluded from the disease entity of fulminant hepatitis, but asymptomatic
hepatitis B virus (HBV) carriers developing acute exacerbation are included as cases of fulminant hepatitis.

Note 2: Acute liver failure with no histological evidence of liver inflammation, such as that caused by drug or chemical
intoxication, circulatory disturbance, acute fatty liver of pregnancy or Reye's syndrome are excluded from fulminant hepatitis.

Note 3: The grading of hepatic encephalopathy is based on the criteria presented in the Inuyama Symposium in 1972.

Note 4: The etiology of fulminant hepatitis is based on the criteria established by the Intractable Liver Diseases Study Group of

Japan in 2002.

Note 5: Patients with no or grade I encephalopathy, but showing prothrombin time values of less than 40% of the standardized
values are diagnosed as having acute hepatitis, severe type. Patients in whom the encephalopathy develops between 8 and
24 weeks after the disease onset, with prothrombin time values of less than 40% of the standardized values are diagnosed as
having late-onset hepatic failure (LOHF). Both are diseases related to fulminant hepatitis, but are regarded differently from

fulminant hepatitis.

hepatic encephalopathy developing within 10 days and
between 11 and 56 days, respectively, after the onset of
the hepatitis symptoms. Fulminant hepatitis in Japan
is defined as acute liver failure with histological evi-
dence of hepatic inflammation, characterized by lym-
phocytic infiltration of the liver. Thus, the etiology of
fulminant hepatitis includes viral infections, hepatitis
B virus (HBV) carriers, autoimmune hepatitis, drug
allergy-induced liver injuries, and hepatitis of indeter-
minate etiologies, but would exclude liver injuries
caused by drug toxicity, circulatory disturbances, meta-
bolic diseases, acute fatty liver of pregnancy, and post-
operative liver damage, all of which are also included
as etiological factors for disease entity of “acute liver
failure” in Europe and the United States. Also, the
extent of liver damage has been defined worldwide
based on the degree of prolongation of the prothrom-
bin time although the values are expressed as a per-
centage of the standardized values in Japan, but as the
international normalized ratio (INR) in the United
States.? Therefore, the diagnostic criteria for “fulminant
hepatitis” in Japan need to be revised to correspond to
those for “acute liver failure” in Europe and the United
States.

The Intractable Liver Diseases Study Group of Japan,
supported by the Ministry of Health, Labour and
Welfare last revised the diagnostic criteria for “fulminant
hepatitis” in 2002 (Table 1).** The definition and
concept of fulminant hepatitis, however, were not
modified, except that five items clarifying the inclusion

© 2011 The Japan Society of Hepatology

and exclusion criteria for fulminant hepatitis were
added to the footnotes. Thus, in 2006, the Intractable
Hepato-Biliary Diseases Study Group of Japan (formerly
the Intractable Liver Diseases Study Group of Japan)
constituted a task force to establish novel diagnostic
criteria for “acute liver failure”, which includes the
disease entity of “fulminant hepatitis”. We report on the
established criteria for “acute liver failure” available for
Japanese patients.

METHODS

Expression of prothrombin time

QUESTIONNAIRE WAS sent to active members

of the Japan Society of Hepatology affiliated to
550 departments of gastroenterology and/or hepa-
tology in 454 institutions in Japan, to determine what
type of commercial kit they used for prothrombin
time measurement in their clinical laboratories.
Then, information regarding the International Sensi-
tivity Index (ISI) values and INR values correspond-
ing to 40% of the standardized values for each kit was
collected from the respective industrial companies.

Evaluation of acute liver failure other than
fulminant hepatitis in Japan

A questionnaire was sent to specialists of the Japanese
Association of Acute Medicine in 533 institutions,
including 218 emergency lifesaving centers and 235
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emergency departments, to determine the demographic
and clinical features and prognosis of acute liver failure
patients hospitalized in their respective institutions
between 2006 and 2008. Patients with prothrombin
time values of 50% or less of the standardized values, or
INRs of 1.5 or more, and those with grade II or more
severe hepatic encephalopathy were enrolled; however,
patients fulfilling the diagnostic criteria for fulminant
hepatitis and late-onset hepatic failure (LOHF), a
disease related to fulminant hepatitis,” were excluded
from the database (Table 1). In contrast, patients with
underlying chronic liver diseases were included in the
evaluation. The patients were classified into five groups;
namely, those without hepatic encephalopathy or
with grade I hepatic encephalopathy (group 1), those
showing grade I or more severe hepatic encephalopathy
within 10 days, between 11 and 56 days, or later than
56 days after the onset of symptoms (group 2, group 3
and group 4, respectively), and those with underlying
chronic liver diseases (group 5). The nationwide survey
was conducted with the approval of the ethics commit-
tee of Kagoshima University Graduate School of Medical
and Dental Sciences.

Development of diagnostic criteria for
“acute liver failure” in Japan

The diagnostic criteria for “acute liver failure” were
established based on the results of the following evalu-

Acute liver failure in Japan 807

ations: (i) the nationwide surveys of fulminant hepatitis
and LOHF conducted by the Intractable Liver Diseases
Study Group of Japan between 1999 and 2004' and by
the Intractable Hepato-Biliary Diseases Study Group of
Japan between 2005 and 2009;5%° (ii) the survey of
commercial kits used at institutions to which members
of the Japan Society of Hepatology are affiliated; and
(iii) the nationwide sutvey of acute liver failure patients
who were not diagnosed as having fulminant hepatitis.
The task force of the Intractable Liver Diseases Study
Group of Japan prepared the preliminary criteria, and
the criteria were completed through discussions among
all members of the Study Group.

RESULTS

Commercial kits used for prothrombin time
measurement in Japan

ESPONSES TO THE questionnaire were obtained

from 359 institutions (79.1%). Sixteen types of
commercial kits produced by six industrial companies
were used, as shown in Table 2. The most frequently
used kit was used in 39% of the institutions (138 insti-
tutions), and the kits ranked in the top six places, in
terms of the frequency of use, accounted for 92% of
the kits used at the institutions. The ISI values of these
kits ranged from 0.81 to 2.05, thus, the INRs corre-

Table 2 Commercial kits used at institutions to which active members of the Japan Society of Hepatology are affiliated

Commercial Industrial Number of 181 INR corresponding

kits comparnies institutions to 40% of the
standardized values

A Q 138 0.95-1.27 1.7

B Q 50 1.21-1.80 1.9

C Q 11 0.99-1.10 1.6

D Q 47 1.44-2.05 1.9

E Q 24 1.16-1.41 1.9

F R 35 1.22-1.24 1.98

G R 3 1.22 ND

H R 2 1.00-1.02 1.86

1 S 27 0.81-1.00 1.7-1.9

] N 1 1.8 1.8

K S 1 1.06 2.1

L T 3 1.18-1.21 1.7

M T 1 1.65 2.0

N T 2 1.07-1.10 1.9

0] u 4 1.73 2.12

P v 1 1.09 ND

ND, not determined.

© 2011 The Japan Society of Hepatology
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sponding to 40% of the standardized values differed
markedly among the kits (range, 1.6 and 2.12). When
the INRs for the kits ranked in the top six positions
were evaluated, the mean INR was found to be 1.86
(range, 1.6 to 1.98).

Acute liver failure patients excluded from
the disease entity of fulminant hepatitis

in Japan

A total of 217 patients were enrolled from 58 institu-
tions (12.8%), and they were classified as shown in
Table 3. Hepatic encephalopathy was absent or grade 1
in 79 patients (group 1: 36.4%). In contrast, grade Il or
more severe hepatic encephalopathy was present in
94 patients (43.3%), and of these, 58, 34 and two
patients, respectively, were classified into group 2
(26.7%), group 3 (15.7%) and group 4 (0.9%). The
remaining 44 patients were diagnosed as having acute-
on-chronic liver injury and were classified into group 5
(20.3%).

The etiologies of liver damage were viral infection,
autoimmune hepatitis, drug allergy-induced liver injury,
and indeterminate in 121 patients (55.8%). In the
remaining 96 patients (44.2%), the etiologies consisted
of those in the exclusion lists for fulminant hepatitis
and LOHF. Among these, alcoholic liver injury was the
most frequent etiology, noted in 43 patients (19.8%).
Circulatory disturbance, malignant cell infiltration, drug
toxicity-induced liver injury, postoperative liver injury
and metabolic disease were noted as the etiologies in 18

Hepatology Research 2011; 41: 805-812

(8.3%), eight (3.7%), eight (3.7%), two (0.9%) and one
patient (0.5%), respectively. Most of these patients were
classified into either group 1 or group 5.

The prognosis was excellent, especially for the group 1
patients, who showed a survival rate of 78% with con-
ventional medical care. The survival rates, however,
were lower for the patients belonging to the other
groups, being 35%, 12%, 0% and 21%, respectively, for
group 2, group 3, group 4 and group 5. A total of 110
patients died despite conventional medical care, and the
causes of death were complications, such as bacterial
infection, in 44 patients (40%). Especially, in patients
with acute liver failure caused by alcoholic liver injury,
multiple organ failure developed frequently, serving as
the cause of death. Liver transplantation was performed
in 10%, 12% and 50% of the patients in group 2, group
3 and group 4, respectively,

Diagnostic criteria for “acute liver failure”

in Japan

The diagnostic criteria for “acute liver failure” in Japan
are shown in Table 4. Patients showing prothrombin
time values of 40% or less of the standardized values or
INRs of 1.5 or more due to severe liver damage within
8 weeks of onset of the symptoms are diagnosed as
having “acute liver failure”, where the liver function
prior to the current onset of liver damage is estimated to
be normal. Patients without histological findings of
hepatitis, such as those with liver injuries caused by drug
toxicity, circulatory disturbance or metabolic disease,

Table 3 Disease groups and causative etiology of acute liver failure in patients not diagnosed as having fulminant hepatitis or

late-onset hepatic failure

Groups? Group-1 Group-2 Group-3 Group 4 Group-5 Total
Number of patients 79 58 34 2 44 217
Etiology+ Percentage of patients in each type

Viral 32,9 32.8 324 0 25.0 30.9
Drug allergy 5.1 13.8 17.6 50.0 2.3 9.2
Autoimmune 0 8.6 11.8 0 0 4.1
Indeterminate 11.4 8.6 17.6 50.0 4.5 10.6
Unclassified 0 3.4 0 0 0 0.9
Drugs toxicity 5.1 5.2 V] 0 2.3 3.7
Alcoholic 17.7 12.1 8.8 0 43.2 19.8
Circulatory disturbance 15.2 5.2 0 0 6.8 8.3
Infiitration of malignancy .8 0 2.9 0 9.1 3.8
Metabolic disorders 0 0 2.9 0 0 0.5
Postoperative 0 1.7 0 0 2.3 0.9
Miscellaneous 8.9 8.5 5.9 0 4.5 7.4

tDisease groups of acute liver failure shown in Methods. #"Indeterminate” means the etiology was uncertain despite sufficient
examinations, and “unclassified” means uncertain etiology due to insufficient examinations.

© 2011 The Japan Society of Hepatology

- 1148~



Hepatology Research 2011; 41: 805-812 Acute liver failure in Japan 809

Table 4 Diagnostic criteria for acute liver failuze in Japan (2011)

Patients showing prothrombin time values of 40% or less of the standardized values, or international normalized ratios (INRs)
of 1.5 or more due to severe liver damage within 8 weeks of the onset of disease symptoms are diagnosed as having “acute
liver failure”, where the liver function prior to the current onset of liver damage is estimated to be normal based on blood
laboratory data and imaging examinations. “Acute liver failure” is classified into "acute liver failure without hepatic coma”
and “acute liver failure with hepatic coma”; no or grade [ hepatic encephalopathy is present in the former type, while grade 11
or'more severe hepatic encephalopathy is found in the latter type. “Acute liver failure with hepatic coma” is further
subclassified into two disease types; the "acute type” and “subacute type”, respectively, with grade Il or more severe hepatic
encephalopathy developing within 10 days or between 11 and 56 days after the onset of disease symptoms, respectively, in
the two types.

Note 1: Hepatitis B virus (HBV) carriers and autoimmune hepatitis patients showing acute exacerbation of hepatitis in the
normal liver are included under the disease entity of “acute liver failure”. In the case of indeterminate previous liver function,
the patients with both etiologies are diagnosed as having “acute liver failure” when no liver function impairment preceding
the exacerbation of the liver injury can be confirmed.

Note 2: In general, alcoholic hepatitis develops in patients with chronic liver diseases caused by habitual alcohol consumption.
Thus, patients with alcoholic hepatitis are excluded from the disease entity of “acute liver failure”. However, patients with
fatty liver caused by alcohol intake or metabolic syndrome, including obesity, are diagnosed as having “acute liver failure” if
etiologies other than habitual alcohol consumption are responsible for the acute injury in the liver, in the absence of prior
impairment of liver function.

Note 3: Patients without histological evidence of hepatitis, such as inflammatory lymphocytic infiltration, are included under
the disease entity of “acute liver failure”. Thus, patients with liver damage caused by drug toxicity, circulatory disturbance or
metabolic disease and acute fatty liver of pregnancy are diagnosed as having “acute liver failure,” while they are excluded
from the disease entity of “fulminant hepatitis”. In contrast, patients with liver injury caused by viral infection, autoimmune
hepatitis and drug allergy-induced hepatitis are included under the disease entities of “fulminant hepatitis” as well as “acute

liver failure”.

Note 4: The severity of hepatic encephalopathy is diagnosed depending on the classification presented in the Imuyama
Symposium in 1972 (Table 5). Also, hepatic encephalopathy developing in pediatric and infantile patients is classified
according to the criteria proposed by the 5" Workshop on Pediatric Liver Diseases in 1988 (Table 6).

Note 5: The etiology of “acute liver failure” is classified according to the criteria proposed by the Intractable Liver Diseases
Study Group of Japan at 2002, with some modifications (Table 7).

Note 6: Patients showing prothrombin time values of less than 40% of the standardized values or INRs of 1.5 or more and
grade Il or more severe hepatic coma between 8 and 24 weeks of the onset of disease symptoms are diagnosed as having
late-onset hepatic failure (LOHF), as a disease related to “acute liver failure”.

are also included in the disease entity of "acute liver
failure”, while acute-on-chronic liver injuries, such as
liver injury caused by alcohol, are excluded. Acute liver
failure patients are classified into those with and
without hepatic coma, depending on the severity of the
hepatic encephalopathy, and “acute liver failure with
hepatic coma” is further subclassified into two disease
types, the “acute type” and the “subacute type”. To
clarify the concept of “acute liver failure” in Japan, five
items are described in the footnote of the diagnostic
criteria.

DISCUSSION

O ESTABLISH THE diagnostic criteria for “acute liver
failure” in Japan, two types of nationwide surveys
were performed; the survey of commercial kits used for
measurement of the prothrombin time used at institu-

tions to which hepatology specialists were affiliated and
the survey of acute liver failure patients who were
excluded from the disease entities of fulminant hepatitis
and LOHEF. The former survey revealed that 16 commer-
cial kits were used, and the INRs corresponding to 40%
of the standardized values differed among the kits
(range, 1.6 and 2.12), suggesting that an INR of 1.5 or
more was a suitable cutoff value to include all patients
previously diagnosed as having fulminant hepatitis or
LOHF in the novel disease entity of “acute liver failure”.
On the other hand, the latter survey demonstrated that
patients with acetaminophen-induced toxic liver injury,
the most frequent cause of acute liver failure in Europe
and the United States, were seldom found in Japan. In
contrast, alcoholic liver injury was observed frequently
among patients showing prolongation of the prothrom-
bin time and/or grade II or more severe hepatic
encephalopathy. The clinical features of these patients,

©® 2011 The Japan Society of Hepatology
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Table 5 Classification of hepatic encephalopathy depending on the grading of hepatic come in adult patients proposed by the
inuyama symposium in 1972

Reference items

The grade  Psychiatric disorders
of coma
I o Inversion of sleep pattern Recognized retrospectively in most cases
® Euphoria and/or occasional depression
e Sloppy attitude with Shortened attention span
1 ¢ Disorientation for time or place and confusion of objects Excitation state and incontinence of urine and
e Inappropriate behaviors, such as to throwing away money or service are absent, but lapping tremor is
discarding cosmetics found on physical examination
e Occasional somnolent tendency; able (0 open eyes und
respond appropriately to questions
e Makes impolite remarks, but follows doctors’ instructions
111 » State of excitation and/or delirium showing defiant behavior Flapping tremor is observed, and the extent of
* Somnolent tendency; sleeping most of the time disorientation is severe
s Opens eyes in response to stimulation, but cannot follow the
instructions of doctors, except for simple orders
v ¢ Coma; complete loss of consciousness Brushes off hands and/or frowns in response
® Response to painful stimuli to stimuli
v ® Deep coma

e No response to painful stimuli

however, differed from those of the patients with fulmi-
nant hepatitis, since liver damage in alcoholic liver
disease patients develops in an acute-on-chronic liver
disease pattern. Also, the survey revealed that the most
frequent cause of death was complications of liver
disease, but not the liver failure itself, in most patients
with etiologies not listed among the etiologies of fulmi-
nant hepatitis or LOHF.

Based on these observations, “acute liver failure” in
Japan is defined as an acute liver disease associated
with prolongation of the prothrombin time, with an
INR of 1.5 or more. To confirm the correspondence
between the present and previous criteria, “prothrom-
bin time values of 40% or less of the standardized

values” was also used as a cutoff to define the patients
with acute liver failure. Consequently, patients without
hepatic encephalopathy may also be included in the
disease entity of acute liver failure, if they show an INR
of 1.5 or more. Thus, acute liver failure patients are
classified into those with and without hepatic coma,
and acute liver failure with hepatic coma is further
subdivided into two disease types, namely, the “acute
type” and the “subacute type,” according to the interval
from the onset of symptoms to the development of
hepatic encephalopathy, similarly to the case for fulmi-
nant hepatitis.™*

Regarding the etiology of acute liver failure, patients
without histological evidence of inflammation in the

Table 6 Classification of hepatic encephalopathy depending on the grading of hepatic coma in pediatric and infantile patients as

proposed in the 5% workshop on pediatric liver diseases in 1988

Grade of Pediatric Infantile
coma
1 Low-spirited from before Does not laugh aloud
(poor activity)
I Obedient attitude with somnolent tendency Does not laugh even when dandled
Disorientation for time or place Cannot maintain eye contact with the mother (later than
3 months after birth)
111 Open eyes in response to loud voice
v Does not wake up in response to painful stimuli, but frowns and/or brushes off by his/her hands
v No response to painful stimuli

© 2011 The Japan Society of Hepatology
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Table 7 Classification of etiologies of acute liver failure modified from the criteria proposed by the Intractable Liver Diseases Study

Group of Japan in 2002

1. Viral infection
1 Hepatitis A virus (HAV)
2 Hepatitis B virus (HBV)
(1) Transient infection
(2) Acute exacerbation in HBV carrier*
. Inactive carrier, without drug exposure

ii. Reactivation in inactive carrier by immunosuppressant and/or anticancer drugs
iii. Reactivation in transiently infected patients by immunosuppressant and/or anticancer drugs (de novo hepatitis)

(3) Indeterminate infection patterns

3 Hepatitis C virus (HBV)

4 Hepatitis E virus (HEV)

5 Other viruses
II.  Autoimmune hepatitis
1. Drug-induced liver injuries

1. Drug allergy-induced liver injury

2. Drug toxicity-induced liver injury
IV.  Circulatory disturbance
V.  Infiltration of the liver by malignant cells
V1. Metabolic diseases
VII. Liver injuries after liver resection and transplantation
VIII. Miscellaneous etiologies
IX. Indeterminate etiology despite sufficient examinations
X, Undlassified due to insufficient examinations

Patients with etiologies I, II and III-1 are diagnosed as having “fulminant hepatitis” as well as “acute liver failure”, whereas those with
etiologies III-2 and IV to VIII are diagnosed as having “acute liver failure”, but excluded from disease entity of “fulminant hepatitis”.
Diagnostic criteria for classification of ctiology based on laboratory data should be established in the future.

Serum HBs antigen-negative patients following transient infection with BV are classified as FIBV carriers, in which MRV reactivation
can be induced by immunosuppressant and/or anticancer drugs, but the significance of this causative etiology needs to be evaluated

further.

liver, such as those with the disease caused by drug
toxicity, circulatory disturbance or metabolic disease,
were included under the disease entity of acute liver
failure. In contrast, patients showing impaired liver
function due to underlying chronic liver diseases before
the worsening of the liver damage were excluded from
the disease entity of acute liver failure. Thus, alcoholic
liver disease patients were excluded from the disease
entity, since they showed clinical features consistent
with acute-on-chronic liver disease. However, patients
with underlying chronic liver diseases such as fatty liver
due to alcohol intake or metabolic diseases, including
obesity, were included in the disease entity of acute liver
failure, when the liver function impairment was retro-
spectively estimated to be minimal or absent prior to the
current exacerbation of liver damage, since the incidence
of metabolic syndrome has been increasing in the Japa-
nese population. The patients with autoimmune hepa-
titis were defined similarly to those with underling fatty
liver, because the presence of chronic liver disease pre-

ceding the hepatitis exacerbation is uncertain in most of
these patients. On the other hand, patients with liver
injury caused by viral infection, autoimmune hepatitis
and drug allergy-induced hepatitis are included under
the disease entities of “fulminant hepatitis” as well as
“acute liver failure”. The significance of diagnostic crite-
ria for fulminant hepatitis should be further evaluated
in the future.

In addition, the diagnostic criteria for LOHF as a
disease related to “acute liver failure”. LOHF was
defined as grade II or more severe hepatic encephal-
opathy developing between 8 and 24 weeks of the
onset of symptoms.’* However, in the present criteria,
patients with L.LOHF were defined as those showing
INRs of 1.5 or more as well as prothrombin time
values of 40% or less of the standardized values. Thus,
patients without histological evidence of hepatitis are
also included in the disease entity of LOHF, similar to
the case of acute liver failure. On the other hand, the
disease entity of “acute hepatitis severe type”, in which

© 2011 The Japan Society of Hepatology
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patients show no or grade I hepatic encephalopathy
despite having prothrombin time values of 40% or less
as compared to the standardized values, was excluded
from the footnote of the present criteria, since patients
classified under such a disease entity can also be diag-
uosed as having “acute liver failure without hepalic
encephalopathy”.

In conclusion, the diagnostic criteria for “acute liver
failure” in Japanese patients were established. A nation-
wide survey of “acute liver failure” will be conducted by
the Intractable Hepato-Biliary Diseases Study Group of
Japan after 2011, based on these novel criteria. Also, the
significance of the diagnostic criteria in Japan should be
further evaluated in relation to the criteria in Eurcpe
and the United States.
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It is well known that hepatocellular carcinoma (HCC)
commonly involves the local branches of portal and/or
hepatic veins and causes a tumor thrombus even at a
relatively early stage. Vascular invasion is classified as
macrovascular invasion, which is grossly recognizable
(mostly in large to medium vessels), or microvascular
invasion (MVI), which can be identified only by micro-
scopic observation (mainly in small vessels such as
portal vein branches in portal tracts, central veins in
noncancerous liver tissue, and venous vessels in the
tumor capsule and/or noncapsular fibrous septa).
Although macroscopic vascular invasion in major ves-
sels (and satellite nodules) is known to be a marker of
poor outcomes after liver transplantation (LT) for HCC
and is regarded as a contraindication for LT, the signifi-
cance of MVI as a predictor of poor outcomes is still con-
troversial. The controversy concerns the extent to which
MVI (if it is identifiable before surgery) is a contraindica-
tion for LT, even though we know that only a minority of
patients with MVI will experience HCC recurrence.

MATERIALS AND METHODS

We searched the MEDLINE database {2002-2010) to
determine the significance of MVI to the outcomes of

LT for HCC; we used the keywords hepatocellular car-
cinoma, HCC, microvascular invasion, liver transplan-
tation, and liver resection. We also performed a full
manual search of the bibliographies of selected publi-
cations and included 4 additional publications from
earlier years. Publications were included if they con-
tained data on MVI and its relationship with tumor
characteristics and/or prognostic data. The search
resulted in a total of 48 relevant publications.

The publications were then ranked according to the
classification proposed by the Oxford Centre for Evi-
denced-Based Medicine.

RESULTS

Question 1. Is There Any Correlation Between
MVI and Tumor Characteristics?

Many published studies have found that the presence
of MVI is closely related to the tumor size, number,
and histological grade'® (Table 1). Esnaola et al.!
studied MVI in 245 HCC patients who underwent sur-
gical resection and fulfilled the Milan criteria, and
they found that 33% of their patients had histopatho-
logical evidence of MVI. Patients with tumors larger
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TABLE 1. MVI and Tumor Characteristics

Reference Size {em) n Histological Grade
Esnaola et al. (1) >4 NS Moderately to poorly differentiated
Shah et al. (2) >3.8 >3 NS
Parfitt et al. (3) >3 >3 Moderately to poorly differentiated
Lohe et al. (4) >5 NS Moderately to poorly differentiated
Jonas et al. (5) 3-5 2-3 Moderately to poorly differentiated
Bhattacharjya et al. (6) >4 3 Moderately to poorly differentiated
Shirabe et al. (7) >2-4 Multiple Moderately ta poorly differentiated
Pawlik et al. (8) >5 Multiple High grade (moderately to poorly differentiated)

than 4 cm were 3 times more likely to have MVI than o

those with tumors measuring 4 cm or less. Patients with Margin distinct

poorly differentiated or undifferentiated tumors were 6

times more likely to have MVI than those with well-dif-

ferentiated tumors. In comparison with patients with

well-differentiated tumors, patients with multiple

tumors were 2 times more likely to have MVI, and

patients with moderately differentiated tumors were 2.6

times more likely to have MVI. Others have also reported ) Simple nodular type Confluent

that the presence of MVI is closely related to a larger tu- Simple nodular type | with multinodular type

mor size and a lower histological grade (Table 1). extranodular growth

Figure 1. Gross classification scheme for HCC by the Liver Cancer

Relationship Between MVI and the Gross Type

The Liver Cancer Study Group of Japan proposed a
gross classification scheme for resected HCC in
1997,° and it has been widely used in Japan. In the
Liver Cancer Study Group of Japan classification
scheme, nodular tumors are divided into the following
subclasses: (1) a simple nodular type (a distinctly
nodular tumor that frequently has a capsule), (2) a
simple nodular type with extranodular growth (a sin-
gle nodular tumor with varying degrees of tumor
growth beyond the tumor capsule), and (3} a confluent
mullinodular lype (1 confluence of several minnle (o
small nodules; scc Fig. 1).

Since the Liver Cancer Study Group of Japan classi
fication was propnsed, it has heen reparfed that the
rate of MVI is closely related to the gross type.*°!2 In
a study of 65 resected HCCs, Hui et al.!® reported
that the MVI rates were 17% for the simple nodular
type, 25% for the simple nodular type with extranodu-
lar growth, and 53% for the contluent multinodular
type (P < 0.03 for the simple nodular type versus the
simple nodular type with extranodular growth, P <
0.02 for the simple nodular type versus the confluent
multinodular type). In a study of 110 resected HCCs,
Sumie et al.'' also reported a significantly higher
prevalence of MVI for the simple nodular type with
extranodular growth (72%) and the confluent multi-
nodular type (84%) in comparison with the simple
nodular type (20%, P < 0.001). They stressed that the
gross classification of the simple nodular type with
extranodular growth or the confluent multinedular
type was an independent predictor of MVI in their
study [hazard ratio (HR} = 11.81, 95% confidence
interval (CI) = 3.93-37.80, P < 0.001].

Study Group of Japan. Reprinted with permission from General
Rules for the Clinical and Pathological Study of Primary Liver
Cancer.? Copyright 2010, Kanehara & Co., Ltd. Tokyo, Japan.

In a large series, Kaibori et al.'® confirmed that a

large tumor size was a preoperative predictor of MVI.
Unfortunately, the MVI group included patients with
macrovascular invasion.

Similar results were obtained by Shirabe et al.’* for
patients undergoing living donor LT. An independent
predictor of poor recurrence-free survival was preop-
erative type 3 HCC (a contiguous multinodular type
with a large tumor size, a poor histological grade, and
a high incidence of MVI and multiple tumors).

Notably, tumor cell invasion of the portal vein is
obscrved in 27% of cascs with carly HCC (ie, up to 2
cm) of a distinctly nodular type, and minute intrahe-
patic metastases in the vicinity of the tumor are pres-
cnt in 10%. Thesc featurcs arc not obscrved in small
HCCs of an indistinet nodular type.'®

Comment

The majority of studies have shown a close correlation
between MVI and tumor characteristics. Increases in
the prevalence of MVI parallel increases in the tumor
size, number, histological grade, and gross features. The
last are based on the Japanese gross classification sys-
tem, which is not widely applied in Western countries.®
In summary, because MVI is a microscopic feature
that can be assessed only on the tissue level, MVI
cannot be definitely confirmed during the pre-LT
stage. However, to a certain extent, the likelihood of
the presence or absence of MVI can be predicted
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during the pre-LT stage on the basis of the tumor size
and number, which are assessable with imaging
modalities. The histological grade is an additional pre-
dictive parameter on the tissue level that can be
assessed by pre-LT biopsy, whereas the gross features
can be examined only after LT. After LT, MVI is valua-
ble because of its association with the tumor recur-
rence rate, which we address later.

Notably, 2 studies have reported that the tumor
growth rate or the tumor doubling time is predictive of
tumor recurrence after LT.'%!7 The association
between these features and MVI has not been studied,
but they merit further attention as additional impor-
tant tumor characteristics that might be related to
MVI.

Question 2. Are There Any Imaging Modalities
for Detecting MVI ?

Although macrovascular invasion can be preopera-
tively detected by conventional imaging modalities
such as computed tomography (CT), magnetic reso-
nance imaging (MRI), and ultrasound, the preopera-
tive imaging determination of MVI is impossible
because MVI is a microscopic parameter.

However, Kornberg et al.'® reported that increased
['®Flfludeoxyglucose ([**FIFDG) uptake during posi-
tron emission tomography (PET) is predictive of MVI
and tumor recurrence after LT. In their study, 42
patients who underwent LT for HCC were examined
- with PET preoperatively; 16 had positive PET scans,
whereas 26 showed no increase in their fludeoxyglu-
cose (FDG) uptake. Five of 6 patients with a poor tu-
mor grade had a PET-positive status, and 14 of 17
patients with MVI (82.4%) had a positive PET finding.
Eight of the 16 patients with a PET-positive status
(50%) developed HCC recurrence, whereas only 1 of
the 26 PET-negative patients did (P < 0.001). Further-
more, the PET-negative patients had a significantly
better 3-year recurrence-free survival rate than the
PET-positive patients. It has been shown that well-dif-
ferentiated HCC cells exhibit an ['*FIFDG metabolism
similar to that of normal liver cells, whereas poorly
differentiated tumor cells do not. The authors
hypothesized that PET scan patterns may have a clin-
ically relevant correlation with the presence of MVI
because of the close relationship between MVI and a
poor tumor grade. However, there is no evidence that
FDG uptake is an independent predictor.

More recently, positive FDG PET results at the time
of listing for LT have been found to reflect tumor
behavior and to be strongly associated with dropout
due to tumor progression. PET could be proposed as
an additional tool for the pre-LT assessment of candi-
dates with HCC.'®

Hui et al.’® tested whether the Japanese gross clas-
sification system® could be used with preoperative
dynamic CT (10-mm interval slices). They found that
classifications based on CT findings and classifica-
tions based on macroscopic observations were con-
current for 46% of their patients. The simple nodular

type, the simple nodular type with extranodular
growth, and the confluent multinodular type were
identified at rates of 62%, 26%, and 40%,
respectively.

Comment

So far, conventional imaging modalities have been
ineffective for the preoperative detection of MVI. Only
1 study has shown the potential usefulness of PET
scans in the prediction of MVIL.'!® The preliminary
results of an MRI study have shown that the MRI fea-
tures of HCC do not predict MVI in the transplanted
liver.?° Although the gross classification scheme of the
Liver Cancer Study Group of Japan® is not popular in
Western countries, because of the 40% identity rate
for dynamic CT findings and the confluent multinodu-
lar type (for which there is an MVI prevalence rate of
53%-84%), gross subclassification by dynamic CT
merits further study.'* This can also be recommended
because of the potential value of PET scans and MVI
and the scarcity of data.

Large multicenter studies are required to precisely
assess the predictive value of imaging modalities for
MVI.

Question 3. Are There Any Biochemical
Markers for Predicting MVI?

Des-gamma-carboxyprothrombin (DCP), also known
as protein induced by vitamin K absence or antago-
nist I, is an abnormal form of prothrombin, and it
has been used as a good diagnostic biomarker for
HCC, particularly in Japan.?2® It has been reported
that high serum levels of DCP reflect the invasiveness
of HCC and are related to the histological vascular
invasion of cancer cells. Koike et al.?? prospectively
studied 227 patients with HCC who did not show por-
tal venous invasion and who received percutaneous
ethanol injection therapy and/or microwave coagula-
tion therapy at the time of their first admission. The
patients were followed for a mean of 19 months with
ultrasonography every 3 months, with CT scans every
6 months, and with measurements of biochemical pa-
rameters such as DCP and alpha-fetoprotein (AFP) ev-
ery month. A multivariate Cox regression analysis of
various factors showing significant correlations with
the later development of portal venous invasion
revealed that the DCP level was the strongest predis-
posing factor (P < 0.001). Shirabe et al.” studied 218
patients who had tumors without any extrahepatic
metastases or vascular invasion {according to their
preoperative evaluations) and underwent HCC resec-
tion. They found that the preoperative DCP level for
the patients with MVI was significantly higher than
the level for the patients without MVI (P < 0.049), and
it was an independent predictor of MVI. In another
recent study,'* the same authors showed that a pre-
operative serum DCP level exceeding 300 mAU/m was
an independent predictor of poor recurrence-free sur-
vival in patients undergoing living donor LT.
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