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Management of hepatitis B reactivation in
immunosuppressed patients: An update on current
recommendations
Fernando Bessone, Melisa Dirchwolf
exposed patients who receive immunosuppressive
treatment is usually very small. However, if these
individuals are exposed to potent immunosuppressive
compounds, the risk of HBV reactivation (HBVr) increases
with the presence of hepatitis B surface antigen (HBsAg)
in the serum. Chronic HBsAg carriers have a higher
risk than those who have a total IgG anticore as the
only marker of resolved/occult HBV disease. The loss
of immune control in these patients may results in the
reactivation of HBV replication within hepatocytes.
Upon reconstitution of the immune system, infected
hepatocytes are once again targeted and damaged by
immune surveillance in an effort to clear the virus. There
are different virological scenarios, and a wide spectrum
of associated drugs with specific and stratified risk for the
development of HBVr. Some of this agents can trigger
a severe degree of hepatocellular damage, including
hepatitis, acute liver failure, and even death despite
employment of effective antiviral therapies. Currently,
HBVr incidence seems to be increasing around the
world; a fact mainly related to the incessant appearance
of more powerful immunosuppressive drugs launched
to the market. Moreover, there is no consensus on the
length of prophylactic treatment before the patients are
treated with immunosuppressive therapy, and for how
long this therapy should be extended once treatment is
completed. Therefore, this review article will focus on
when to treat, when to monitor, what patients should
receive HBV therapy, and what drugs should be selected
for each scenario. Lastly, we will update the definition,
risk factors, screening, and treatment recommendations
based on both current and different HBV management
guidelines.
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Abstract

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

The proportion of hepatitis B virus (HBV) previously
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agents involved, the heterogeneous screening, definition
and treatment guidelines, and the multiple available
[12]
therapeutic options . This revision aims to update
HBVr definition, risk factors, screening, and treatment
recommendations based on the currently published
evidence.

Core tip: Chronic hepatitis B surface antigen carriers
have a high risk to develop hepatitis B virus (HBV)
reactivation (HBVr) when exposed to immunosupresive
therapy. The loss of immune control in these patients
may results in an increase in HBV replication. There is
a wide spectrum of associated drugs with specific and
stratified risk for the development of HBVr. Currently,
HBVr incidence seems to increase worldwide, mainly due
to the appearance of more powerful immunosuppressive
drugs. This review article focus on when to treat, when
to monitor, what patients should receive HBV therapy,
and what drugs should be selected in each scenario. We
updated here current HBV management guidelines.

HOST AND VIRAL INTERACTION: HBVR
CLINICAL FEATURES
Hepatocellular inflammation and injury in HBV infection
is suggested to be directly related to the intensity
[13]
of host immune response . In the initial phase of
immune tolerance, infected children have high levels of
viral replication, with no associated liver injury. As the
immune system matures, the infected person enters a
phase of immune clearance, in which the hepatocytes
infected with HBV are targeted and damaged, resulting
in hepatitis flares. In most individuals, the immune
system is eventually able to control viremia, leading
to hepatitis B e antigen clearance, suppression of HBV
DNA levels, and normalization of liver biochemical test.
The immune control phase usually endures; however,
in cases of iatrogenic or natural IS, the loss of immune
control results in reactivation of HBV replication inside
hepatocytes. Upon reconstitution of the immune system,
these hepatocytes are once again targeted and da
maged by immune surveillance, in an effort to clear the
[5,14,15]
virus
. HBVr has been described as a three-phase
event (Figure 1). Initially, an increase in HBV DNA levels
in an HBsAg positive person, or a reappearance of either
HBsAg (seroreversion) or HBV DNA occurs; this period
is usually asymptomatic. When the following phase
takes place, HBV DNA levels show a sustained increase
in viral load, accompanied by concomitant elevations in
aminotranferase levels, which may also be associated
to the development of severe hepatocellular damage;
to note, even acute liver failure and ultimately death
may occur. The aforementioned events result from a
reconstitution syndrome of the host immune response.
Finally, liver damage resolves due to recovery of the
immune system strength (spontaneously or as a result
of immunosuppressive therapy suspension) or due to
the administration of antiviral drugs. This event may
result in complete resolution of hepatic inflammation, or
in fewer cases, a higher HBV DNA viral load in previously
[3,14,15]
HBsAg positive patients can be observed
. Despite
the fact that HBVr is usually found in chronically infected
patients; it has also been reported in patients with
resolved or occult HBV infection (i.e., HBsAg negative,
antiHBc positive), since these individuals still have traces
of HBV DNA replication in their liver.
The reactivation risk depends on a combination
[4,16]
between the degree and duration of IS
Reactivation
of HBV replication during IS can occur in an indirect
fashion, through abolition of specific T-cell control, but
also in a straightforward manner, when stimulation
of a glucocorticoid-responsive element in the HBV
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INTRODUCTION
Hepatitis B virus (HBV) infection is a major public
health problem worldwide; roughly, 30% of the world
population shows serological evidence of current or
[1]
past infection , and it is largely considered that there
[2,3]
are 350 million chronic carriers globally . Although
chronic infection can lead to progressive liver injury,
most patients (60%-85%) are asymptomatic, and
therefore the infection remains unrecognized until
the appearance of signs or symptoms of chronic liver
[4,5]
disease/cirrhosis . Even though a small percentage
of patients who were previously in contact with HBV
will probably require immunosuppression as treatment
of different illnesses (malignant, autoimmune, chronic
rheumatic diseases) or to avoid post-transplantation
rejection. However, treatment with such agents raises
the risk of HBV reactivation (HBVr). This holds parti
cularly true for patients with previously undetected
chronic HBV infection, but also for those with resolved
or occult infection [hepatitis B surface antigen (HBsAg)negative, antibody to hepatitis B core antigen (antiHBc)positive, with or without antibody to hepatitis B surface
[6-10]
antigen (antiHBs)-positive serology]
. These events
are referred to as HBVr; they were first described 40
years ago as a complication of renal transplantation and
cancer chemotherapy. Since then, HBVr has become
well recognized in numerous immunosuppression (IS)
settings. Despite of that, HBVr due to IS continues to
cause severe hepatitis, liver failure, and even death in
spite of the availability of effective HBV vaccines, easily
available and cheap tests to define patients at risk, and
safe and effective antiviral therapies. A more worrisome
issue is that the occurrence of this severe clinical event
[11]
appears to increase around the globe ; perhaps,
this is due to the permanent changing landscape of IS
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ALT (UI/L)

HBV DNA (UI/mL)

(1) During IS

Asymptomatic

(2) In between IS

Frequently symptomatic
Potential liver failure/death

(3) Immune restoration

Recovery. High HBV DNA
or HBsAg+ may persist

Figure 1 Hepatitis B reactivation phases. In the initial phase, there is an increase in HBV DNA levels, usually with an asymptomatic evolution. In the second phase,
both ALT and HBV DNA are elevated; symptoms are frequently present, and they may be severe. The third phase is determined by resolution, although HBsAg (if
reappeared), or elevated HBV DNA, may persist[3,17,55]. IS: Immunosuppression; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBsAg: Hepatitis B surface
antigen.

genome occurs, leading to up regulation of HBV gene
[17]
expression .

includes the consequences related to the IS therapy
[4]
was recently proposed by Visram et al , in an additional
effort to standardize HBVr grading and its consequences.

HBVR DEFINITIONS: A HETEROGENEOUS
GROUP

MEDICAL INTERVENTIONS ASSOCIATED
WITH HBVR

One of the major difficulties assessing the impact of
HBVr is the different diagnostic criteria found in the
[16]
literature . Although reports of HBVr and its conse
quences are not scarce, the data are often difficult to
contrast, because of the different definitions used. Some
[18]
studies consider HBV DNA level elevations , some
[19]
evaluate reappearance of HBsAg , and others evalu
ate episodes of hepatitis syndrome, utilizing different
[4]
grading (severity) systems . Consensus has not been
reached, even in the major clinical guidelines; both the
European Association for the Study of the Liver (EASL)
and Asian Pacific Association for the Study of the Liver
(APASL) chronic hepatitis B guidelines, when addressing
HBVr, considers HBsAg seroreversion and rise in HBV
[20,21]
DNA levels as diagnostic criteria
, whereas the
American Association for the Study of Liver Diseases
(AASLD) defines HBVr as reappearance of active necroinflammatory disease of the liver in an individual at an
inactive HBsAg carrier state or who was known to have
[5]
resolved hepatitis B . Recently, at the Reactivation
of Hepatitis B AASLD meeting held in 2013, the first
attempt to establish a standardized nomenclature was
made. Reactivation of HBV replication was defined as a
marked increase in HBV replication (≥ 2 log increase
from baseline levels or a new appearance of HBV DNA
to a level of ≥ 100 IU/mL) in a person with previously
stable or undetectable levels. The types of reactivation
were described as reverse HBsAg seroconversion
(reappearance of HBsAg), or appearance of HBV DNA
in serum in the absence of HBsAg. The severity of
reactivation, defined by the presence or absence of
jaundice and liver failure; and its outcome (return to
baseline status or persistence in an activated state,
need for liver transplantation or death) should also
[2,17]
be reported
. A universal grading system that also
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Several agents have been associated with the risk of
HBVr, depending on the type and intensity of IS caused
[2]
by these medical interventions . The most relevant
ones are described below, and displayed according to
the risk of HBVr in Figure 2.

Antimetabolites

HBVr during IS with low doses of azathioprine or metho
[3,22]
trexate, when used as monotherapy, is uncommon
.
In a thorough review recently published, no report was
found in which azathioprine used alone was documented
[12]
to cause HBVr . Similarly, although several reports
associated with methotrexate-induced HBVr are avai
lable, most of them involved the concomitant use of
[22]
other immunomodulators . Indeed, this antimetabolite
has been in clinical use for more than 50 years, and
only a small number of cases have been described in
published reports in which HBVr was attributable to this
agent when used alone. Based on these findings, they
[12,23]
are considered to be drugs with low risk of HBVr
.

Tumor necrosis factor-α inhibitors

Tumor necrosis factor-α (TNF-α) is a pro-inflammatory
and immunoregulatory cytokine involved in the patho
genesis of several inflammatory disorders. The inhibition
of TNF-α signaling can lead to increased HBV replication
[2,24]
and reactivation
. Anti-TNF-α agents are approved
to treat rheumatoid arthritis, intestinal inflammatory
diseases and psoriasis; in this context, several (e.g.,
infliximab, adalimumab, certolizumab, golimumab and
[22]
etanercept) have been associated with HBVr . In
[25]
a meta-analysis published by Lee et al
evaluating
the risk of HBVr in 468 isolated antiHBc patients with
rheumatic conditions treated with different anti-TNF-α
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Degree of immunosuppression
Risk
HBVr

Antimetabolites
Systemic
Azathioprine
Chemo[2,11,17,22]
6-mercaptopurine therapy
methotrexate

TNF-a inhibitors
infliximab
adalimumab
certolizumab
golimumab
etanercept

Local
therapy
for HCC

Costicosteroids

B-cell depleting
agents
rituximab
ofatumumab
ustekinumab
natalizumab
alemtuzumab
ibritumomab

Stem cell and
solid organ
transplantation

Figure 2 Immunosuppressing agents and related risk of hepatitis B reactivation. HCC: Hepatocellular carcinoma; TNF-α: Tumor necrosis factor-α; HBVr:
Hepatitis B virus reactivation.

(mostly etanercept), HBVr was found in 1.7% of the
cases. The same author reported much higher rates of
HBVr in HBsAg-positive patients (12.3%) in a similar
[26]
cohort of rheumatic patients . Additionally, several
severe HBVr have been communicated, particularly
[3,27]
following infliximab administration
. However, it is
unclear whether the risk of HBVr is the same with every
TNF-α inhibitor. Most cases have been associated with the
more potent IS drugs such as infliximab or adalimumab
rather than etanercept. Comparative risk assessment
between these agents is doubtful when incidence is
derived from case report and retrospective rather than
well-designed prospective studies. Therefore, a moderate
level of confidence can be given to estimation that the
risk of HBVr during anti-TNF-α monotherapy is between
1% and 10% in HBsAg carriers, and quite lower in
[12]
isolated antiHBc .

therapy, with or without TACE, has also been examined
[27,31]
in several studies
. In a prospective study conducted
by Huang evaluating 69 HBV patients with HCC treated
with conformal radiotherapy, almost 25% of them
[32]
suffered HBVr, and 21.7% HBVr induced hepatitis .
HBVr in patients who underwent HCC surgical resection
and local ablation therapy have also been extensively
[27,30]
reported
.

Corticosteroids

Prednisone is the cornerstone of several chemothera
peutic regimens, and an important agent to induce
[2]
remission in inflammatory bowel disease . This and
other corticosteroids have been associated with an
increased risk of HBVr (both in monotherapy and
[22]
especially when combined with other IS drugs) . The
HBVr is thought to be mediated by abolition of specific
T-cell control, and also by direct viral stimulation. The risk
of infection has been stratified according to the dosage
[33]
and time of exposure to the corticosteroid . Based on
these variables, in a meta-analysis that included every
well-documented report on HBVr, a risk stratification
score was proposed: HBsAg positive patients who
received more than 10 mg/daily of prednisone for 4 wk
or longer were included in the high-risk group (> 10%
chance of HBVr); HBsAg positive patients that received
less than 10 mg/daily of prednisone or HBsAg-negative,
antiHBc positive patients that were treated with less
than 20 mg/daily of prednisone for less than 4 wk are
included in the moderate-risk group (1%-10% risk of
HBVr). Finally, antiHBc positive patients treated with
less than 10 mg/daily of prednisone for less than 4 wk,
and patients with local steroid treatment (such as intra[12]
articular infusion) were included in the low risk group .
Therefore, corticosteroid use is an independent risk

Locoregional therapy for hepatocellular carcinoma

Several therapeutic strategies for hepatocellular car
[28,29]
cinoma (HCC) have been inferred to cause HBVr
.
Transarterial chemoembolization (TACE) has been
[30]
directly associated with an increased rate of HBVr .
Even though this procedure has little systemic effect
due to the administration of chemotherapeutic agents
[2]
directly into a branch of the hepatic artery , it may
cause systemic symptoms if arterio-venous shunts or
peritumoral microcirculation are present; this is why
host immune system is often compromised. Additionally,
anthracyclines (i.e., doxorubicin) are frequently used
as part of intra-arterial chemotherapy. In experimental
models, anthracyclines have stimulated HBV DNA
secretion from HCC cell lines; this mechanism may help
to explain the higher risk of HBVr in patients treated
[12]
with doxorubicin-containing TACE . HBVr during radio

WJH|www.wjgnet.com

388

March 18, 2016|Volume 8|Issue 8|

Bessone F et al . Hepatitis B reactivation in immunosuppressed patients
[12,22]

factor for HBVr

.

warning; recommending HBV screening tests before
initiation of therapy and therapy when positive results are
[17]
found . Other biologic agents, such as specific tyrosine
kinase inhibitors imatinib and nilotinib, have been implied
in well-documented cases of HBVr; however, newly
developed drugs including cytokine and integrin inhibitors
such as ustekinumab, natalizumab, alemtuzumab and
vedolizumab, have few or no reports of HBVr as yet.
Since they all share the same mechanism of action, it is
expected for them to convey at least a low to moderate
[12,22]
risk of this complication
.

Systemic chemotherapy

This is one of the therapeutic interventions more fre
quently related with HBVr; not only associated with the
degree of immunosuppression but also with the type
[14,16,34]
of malignancy treated
. HBsAg-positive chronic
carriers with hematologic diseases are at the highest
risk of developing HBVr during IS, reaching an incidence
of 40%-50%, or even higher, according to different
[12,27]
series
. One of the most frequently cited study
is related to the risk of HBVr in lymphoma patients,
with reactivation rates reaching almost 50%, and an
[14,17,18,22,35]
associated mortality of 4%
. Other studies
report on an incidence of HBVr in this setting between
24%-67%, and an elevated mortality rate of 4%-41%.
One of the reasons for this elevated risk relies on the
intensive chemotherapy necessary for lymphoma treat
ment, especially when most chemotherapies schemes
include high doses of steroids and/or rituximab. It
may also be due to the rather high prevalence of HBV
[14,36]
observed in this cohort of patients
. HBVr has also
been described in patients receiving chemotherapy for
treatment of solid tumors (i.e., breast, colon and lung
[21,22,37]
cancer)
. These patients fall within the intermediate
risk category (HBVr chance of 10%-30%). Finally, the
low risk group includes patients with gastrointestinal
[27]
malignancies receiving 5-fluorouracil based therapy .

Biologic antibodies

Stem cell and solid organ transplantation

Patients undergoing stem cell/bone marrow trans
plantation are at the highest HBVr-risk position followed
closely by those receiving solid organ transplantation.
Bone marrow/stem cell transplanted patients typi
cally get intense chemotherapy to induce remission
of the underlying malignancy, followed by additional
chemotherapy and radiation therapy to ablate bone
[17,40]
marrow
. The profound IS and loss of pre-existing
HBV-specific immunity allows for HBVr in the liver to
[19]
occur, and the return of active viral replication . In
this setting, the HBVr rate reaches 50% in both HBsAgpositive and isolated antiHBc-positive patients. In the
latter group, antiHBs titles below 10 mUI/mL were a
[17]
predictor of HBsAg seroreversion . Due to the con
siderable delay in immune system reconstitution that
typically occurs in this subset of patients, the risk of
seroreversion can endure for several years; furthermore,
these patients are prone to develop chronic infection
[19]
once the virus is reactivated . In a retrospective study
that evaluated 137 HBsAg negative and antiHBc positive
patients who underwent hematopoietic cell transplant
patients, the prevalence of HBVr reached 10%, occurring
[40]
within 9 to 77 mo after transplantion .
When considering solid organ transplantation, HBVr
risk has been known to reach 50%-90% in HBsAgpositive patients after kidney transplantation. In these
cases, reactivation has the potential to cause liver
failure, progression to cirrhosis, HCC, and increased liverrelated mortality. Other solid transplant recipients (e.g.,
[17]
heart, lung) have been the subject of similar reports .

[38]

Rituximab is considered a high-risk factor for HBVr .
This cytolytic monoclonal antibody is directed against
the CD20 antigen of immature and mature B cells; it
is used for the treatment of numerous hematological
malignancies, severe rheumatic conditions, and (offlabel) solid organ transplantation (in the latter scenario,
as an adjunctive agent to mitigate humoral allograft
[13]
response) . When combined with standard-of-care
chemotherapy for non-Hodgkin’s lymphoma, HBVr has
been observed in up to 25% of patients with resolved
infection; this reactivation may occur even 12 mo
after the therapy has been completed; including those
[22,39]
patients with isolated antiHBc
. A preliminary analysis
of the post marketing data from the Food and Drug
Administration (FDA) Adverse Event Reporting System
found 109 cases of HBV-related acute liver failure
associated with rituximab and ofatumumab (another
anti-CD20 monoclonal antibody). They occurred during
the 13 years of rituximab and 3 years of ofatumumab
[17]
commercialization . Due to these reports, in the year
2013 a boxed warning was included in the label issued
by the FDA for both drugs, describing HBVr resulting
in “fulminant hepatitis, hepatic failure and death”. This
advisement underlines the potential for HBVr especially
in chronically infected patients, but also in those who
[13,17]
have resolved a previous HBV infection
. Due to
these events, all antibodies directed against CD20 have
been compelled by the FDA to add HBVr to the boxed
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WHOM TO CHECK: UNIVERSAL
SCREENING VS HIGH-RISK PROFILING
The key to prevent HBVr is the timely identification
of HBV-infected patients prior to immunosuppressive
[41,42]
therapy
. The proportion of patients ignorant of their
chronic HBV infection reaches 35% in United States; this
[4,17]
proportion is far higher (90%) in the European Union
,
whereas in Latin America the figures are unknown. To
note, HBV screening is mandatory in high-risk groups
[43]
in only 15% of the countries located of this region .
Lack of standardized risk factor assessment, the fact that
many patients are not aware (or might not acknowledge)
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Host
Male
Young
Elevated ALT before IS
Underlying illness

Table 1 Diagnostic tools suggested for hepatitis B screening
prior to immunosuppression therapy by different major
guidelines
Recommendations Hepatitis B screening tests before immunosuppression
CDC
AASLD
EASL
APASL
ASCO

Viral
High HBV DNA load
HBsAg positive
HBeAg positive
Precore mutant
Core promoter mutant
Low antiHBs titles
(in occult/resolved)

AntiHBc

HBV DNA

AntiHBs

Yes
High risk
Yes
Yes
High risk

Yes
High risk
Yes
No
High risk

No
No
No
No
No

Yes
No
No
No
Yes1

1

Only suggested in antiHBc-positive patients. CDC: Center for Disease
Control; AASLD: American Association for the Study of Liver Disease;
EASL: European Association for the Study of the Liver; APASL: Asian
Pacific Association for the Study of the Liver; ASCO: American Society
Clinical Oncology; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface
antigen; AntiHBc: Antibody to hepatitis B core antigen; AntiHBs: Antibody
to hepatitis B surface antigen.

Drugs
Intensity and duration
of IS
Rituximab
High dose steroids
Anthracycline
Stem cell
transplantation

SCREENING TOOLS: HETEROGENEOUS
RECOMMENDATIONS

Figure 3 Risk factors for hepatitis B reactivation in patients with current/
past hepatitis B infection. ALT: Alanine aminotransferase; HBV: Hepatitis B
virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; IS:
Immunosuppression[2,4,27,56,57].

Currently, there are no universally accepted screen
ing tests adopted into clinical practice. Again, lack of
consensus regarding testing for hepatitis B current/
[2]
resolved infection complicates the picture . Recom
mendations of different serologic testing for HBV screen
ing prior to IS are shown in Table 1. HBsAg testing
is endorsed by all major societies without consensus
[6]
regarding risk evaluation, as already stated . AntiHBc
is not a required test by the APASL due to the high
prevalence of HBV in this region (up to one third of
[46]
the population) . Whether to include antiHBs and
HBV DNA testing among antiHBc-positive subjects is
still controversial, since it is not based on prospective
[6,46]
data
. Finally, regarding the moment for testing, it
has been suggested that the major benefit is reached
[16,27,47]
when it is done prior to initiation of therapy
.

that they have had risk behaviors, and the scarce
time dedicated by most physicians to systematically
screen their patients for HBV risk factors when they are
about to start immunosuppressive therapy worsen the
[14,17,44]
situation
. Risk factors for HBV infection are wellknown (patients born in areas with intermediate-high
HBV prevalence, patients who use intravenous drugs,
patients that have had multiple sexual partners, patients
[5,20]
with sexually transmitted diseases, etc.)
, but factors
associated with HBVr have been less described; these are
relevant for the decision and timing of HBV treatment.
The most relevant ones are shown in Figure 3.
The combination of several of these risk factors
has been suggested to stratify patients into high-,
[6,12]
intermediate-, and low-risk for HBVr
. The relevance
of risk assessment relies on the screening strategy
adopted by the physician. Several HBV diagnostic con
sensus statements suggest universal screening, including
the Centers for Disease Control and Prevention re
commendations, as well as the EASL and the APASL
[6,20]
guidelines
. The benefits of this approach are not
only the identification of every chronically infected HBV
patient, but also the recognition of patients previously
exposed to the virus, thus eliminating the possibility of
missing patients without clearly identified risk factors.
The alternative screening strategy involves testing only
patients at high risk for HBV infection; these recom
mendations are endorsed by the AASLD, the American
Society of Clinical Oncology, and the National Com
[6,17,45]
prehensive Cancer Network
. This targeted approach
has been praised in relation to its lower cost, however, it
may fail to identify chronic HBV carriers and previously
exposed patients, and perhaps more importantly, it has
[6]
been challenging for physicians to accomplish .
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HBsAg

TREATMENTS FOR HBVR: SEVERAL
MATTERS TO ADDRESS
The rationale for the identification of patients infected
by HBV is to allow proper antiviral therapy, if needed,
[17]
or otherwise to undertake careful monitoring . Once
again, several decisions have to be made by physi
cians on this point, some of which have different endor
sements according to the consulted guideline. The
decision-making stages are the following ones.

When to treat

Several definitions have been used to classify treatment
initiation timing. Treatment prophylaxis refers to antiviral
therapy started before or concurrently as the initiation
of immunosuppressive therapy, and before amino
transferase or HBV DNA levels rise occurs. On the other
hand, in pre-emptive treatments, the occurrence of
serum HBV DNA or aminotransferase elevation deter
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Table 2 Recommendations for treatment and follow-up in different clinical scenarios, according to Asian Pacific Association for
the Study of the Liver, American Association for the Study of Liver Disease and European Association for the Study of the Liver
guidelines

Action
Onset
Duration
Drug
Follow-up

HBsAg (+) HBV DNA ≥
2000 U/mL
Treat
Before IS
6-12 mo (except CI)
Short IS: LAM (LdT)
preferred ETV/TDF
-

Recommendations in different clinical scenarios
HBsAg (+) HBV DNA
HBsAg (-) antiHBc (+)
HBsAg (-) antiHBc (-) HBV-HCC TACE
< 2000 U/mL
antiHBs (-)
Treat
Close mon/treat if HBV DNA (+) or
Vaccination
Treat3
rituximab/stem cell transplant1
Before IS
Before IS
Before IS
6-12 mo (except CI)
6-12 mo
Short IS: LAM (LdT)
Short IS: LAM (LdT) (ETV/TDF)
LAM (ETV/TDF)
(ETV/TDF)
Every 1-3 mo/treat if HBV DNA (+)2
-

In HBsAg-positive patients, duration could be determined by CI as in immunocompetent patients. A 12-mo treatment was only endorsed by EASL. Drug
selection depends on treatment duration and clinical setting. 1In isolated antiHBc-positive patients when treated with biologic agents, close follow-up
and treatment, if necessary, is suggested by AASLD/APASL; however, EASL proposes that isolated antiHBc-positive patients, if HBV DNA-positive,
antiHBs-negative or undergoing rituximab/stem cell transplantation, should be treated with the same strategy as HBsAg positive patients; 2When
monitored, treatment should start when HBV DNA becomes positive, before ALT rise (EASL); 3Treatment in all HBV-related HCC patients undergoing
TACE is suggested by APASL guidelines. CI: Clinical indication; IS: Immunosuppression; HBsAg: Hepatitis B surface antigen; AntiHBc: Hepatitis B core
antibody; AntiHBs: Hepatitis B surface antibody; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization; LAM:
Lamivudine; ETV: Entecavir; TDF: Tenofovir; LdT: Telbivudine (only listed as an option in AASLD guidelines); AASLD: American Association for the
Study of Liver Disease; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver.

mine the initiation of antivirals (before symptoms, if any,
[17]
appear) . The latter definition has been included in
what referred to as “deferred treatment” in more recent
[12]
publications . Regarding HBsAg-positive patients,
most treatment guidelines recommend prophylactic
treatment; such as the AASLD (initiation of antivirals at
the onset of IS), and the APASL guidelines (initiation of
[5,30]
antivirals one week prior to chemotherapy)
(Table
2). The EASL mentions the “pre-emptive” treatment
strategy, but defines it as antiviral administration during
therapy regardless of HBV DNA levels, similar as the
[20]
aforementioned guidelines .
Several studies have compared these starting-point
[12]
strategies. In the technical review by Perrillo et al
where results of two randomized controlled trials of
antiviral prophylaxis with lamivudine in HBsAg-positive
patients undergoing chemotherapy were evaluated, an
HBVr rate of 55% was found in the untreated group.
There was biochemical evidence of hepatitis in 86% of
these patients, which resulted in hepatic failure in 10%
[12]
of the cohort . In a recent meta-analysis published
[48]
by Zheng et al where the efficacy of prophylactic use
of lamivudine in HBsAg-positive patients undergoing
chemotherapy for breast cancer was evaluated, the
rate of HBVr was diminished by 91%, and there was
a similar reduction in chemotherapy disruption in the
prophylactic lamivudine group. HBsAg-negative and
antiHBc-positive patients, when compared with HBsAgpositive patients, appear to have a lower risk of HBVr
when exposed to moderate-risk immunosuppressive
drugs. This would explain why certain scientific societies
such as APASL suggest close monitoring and treatment
in this patient’s population only when reactivation
[30]
occurs . In contrast, when high-risk agents such as
rituximab are used in isolated antiHBc-positive patients,
high rates of reactivation in excess of 10% occur, and
antiviral prophylaxis can be expected to result in similar
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absolute risk reduction, as described for HBsAg-positive
[5,12,30]
patients
.

Whom to treat and what antiviral to choose

Most guidelines agree on recommendations for HBsAg[49]
positive patients . In this group, the choice of antiviral
and lenght of therapy will depend on the clinical status
of the HBV infection. When considering HBsAg-positive
patients, antiviral therapy should commence in the
context of immunosuppression. If the patient has
clinical indications for HBV treatment (i.e., HBV DNA >
2000 IU/mL), either tenofovir or entecavir should be
chosen, and therapy should be maintained until they
reach therapeutic endpoints for chronic hepatitis B.
Otherwise, prophylactic therapy could be initiated with
lamivudine, although more powerful antiviral could be
[5,20,30,50]
chosen as well
. This rule also applies to all HBV[30]
related, HCC patients who are to undergo TACE .
Lamivudine will only be sufficient in a finite and shortterm course of immunosuppressive therapy. Elseways,
in those patients with elevated HBV DNA viral load and/
or in those receiving prolonged cycles of IS, protection
with entecavir or tenofovir is preferred, due to their
[20,51-53]
higher potency and stronger barrier of resistance
.
Lamivudine resistance increases according to treatment
duration, reaching a 10%-20% rate in the first year, and
increasing longitudinally with time (especially with high
initial HBV DNA viremia). In addition, given that drugresistant variants are archived and reemerge quickly
on re-exposure to the antiviral drug, patients with a
history of prior lamivudine or telbivudine treatment
would be best treated with tenofovir, as this is the
most effective drug for patients with prior resistance.
The recommendation of both entecavir and tenofovir
are based on the evidence of efficacy of these drugs in
treating chronic HBV patients outside the prophylaxis
setting, since their utility in the immunosuppressive
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scenario has been less studied. There are no studies
of tenofovir use, but several cohort studies and a
[12,54]
randomized trial using entecavir
. Preliminary results
of 121 patients with lymphoma treated with R-CHOP
(chemotherapy treatment including rituximab, cyclo
phosphamide, doxorubicin, vincristine and prednisone)
randomized to lamivudine and entecavir prophylaxis,
HBVr was seen in 8% of the lamivudine-treated patients
and none among the entecavir-treated patients. Recom
mendations for tenofovir use must be based on anti
cipated parallel benefits to entecavir, as both drugs are
of high antiviral potency and have low risk of resistance
[49]
with prolonged therapy .
There is no consensus regarding the duration of
treatment; AASLD and APASL societies suggest 6 mo of
maintenance after IS cessation, whereas EASL recom
[5,20,30]
mends its extension to 12 mo
. Both AASLD and
APASL guidelines consider that in HBsAg-negative but
antiHBc- and antiHBs-positive patients, and in those with
isolated antiHBc, reactivation is infrequent. Therefore
these patients should be monitored and antiviral therapy
[5,30]
initiated when HBVr occurs
. However, EASL suggests
that this subgroup of patients should be tested for HBV
DNA, and if present, they should be treated similarly
as HBsAg-positive patients. Furthermore in antiHBs
negative patients and/or when close monitoring of HBV
DNA is not guaranteed, this guideline recommends
prophylaxis therapy with antivirals in patients receiving
rituximab, bone-marrow or stem-cell transplantation
and/or combined regimens for hematological malig
nancies. The optimal duration of prophylaxis for these
[20]
indications is unknown .

define HBVr management (i.e., antiviral selection, treat
ment onset and duration) and follow-up are essential.
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MINIREVIEWS

Management of human factors engineering-associated
hemochromatosis: A 2015 update
Menaka Sivakumar, Lawrie W Powell
bolism and iron overload experienced in the hereditary
condition, human factors engineering (HFE)-associated
hemochromatosis. Hemochromatosis refers to a group
of genetic diseases that result in iron overload; the
major one globally is HFE-associated hemochromatosis.
The evolution in understanding of the most common
form of hereditary hemochromatosis, being the sub
station of cysteine to a tyrosine at position 282 in the
HFE gene, has been extensively studied Novel mutations
in both HFE and non-HFE genes have been indicated in
this disease which hold significance in its application for
the Asia-Pacific region. In conditions with iron overload,
the storage of excess iron in various body tissues leads
to complications and toxic damage. The most common
presenting complaint for this disease is malaise, lethargy
and other non-specific symptoms. In order to diagnose
hereditary hemochromatosis, there are biochemi
cal, imaging and genetic testing options. Currently,
cascade screening of affected families is preferred over
population-level screening. The mainstay of treatment is
venesection and the appropriate approach to treatment
has been consolidated over the years. Recently, the
indications for venesection therapy of hemochromatosis
have been challenged and are the subject of ongoing
research.
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Core tip: The concept of hemochromatosis as a single
disease entity has changed to an iron storage disease
resulting from several genetic disorders although the
final common metabolic pathway is inappropriate iron
absorption from the intestine and progressive tissue iron
loading. The most common form of the disease is due
to a mutation in the human factors engineering gene
resulting in cysteine tyrosine substitution at position 282
in the molecule. This mutation is relatively common in
populations of northern European extraction but is rare

Abstract
This review focuses on the management of iron meta
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transport in hemoglobin and oxidative phosphorylation to
[4,5]
the production of red blood cells and other functions .
In situations with overload, there are consequences
in disease and mortality to be discussed later in this
[6-9]
paper however the extent of this risk is still debated .
Beginning with iron, when it is consumed, it can enter
[10,11]
the body in two forms: Either heme or non-heme
.
Heme is mostly commonly ingested as animal protein
and non-heme is via vegetables. However, there is
no mechanism for the excretion of iron which is toxic
in overload. Uncontrolled loss (1-2 mg) in menses,
bleeding and the sloughing of skin are the only methods
for iron removal.
In order to understand iron homeostasis, a dis
cussion regarding the pathway of iron is necessary.
Iron is absorbed on the apical surface of enterocytes in
the duodenum and proximal small bowel. Non-heme
2+
3+ [4]
iron can be either ferrous (Fe ) or ferric (Fe ) . It is
important to note that since ferrous iron is more soluble,
it is necessary for ferric iron to be reduced to ferrous
[12]
iron prior to absorption . In order to reduce ferric iron
found in non-heme iron to the ferrous state both gastric
acidity and duodenal cytochrome B (DCytB1) have been
[13,14]
identified as well as other non-enzymatic pathways
.
On the apical surface of enterocytes, the divalent metal
[14]
transport 1 (DMT1) protein takes in ferrous iron . The
DMT1 protein also serves to transport manganese and
copper (Figure 1).
From the enterocyte, iron uptake into tissue is
mediated by transferrin receptors (TfR1 and TfR2). In
transportation, iron is consistently bound to a molecule
due to its ability to form free radicals. Transferrin, the
carrier protein for iron binds to the TfR1 and is taken
up by endosomes, where transferrin is cleaved and the
[15]
receptor recycled back to the cell surface . In the case
of iron overload, excess iron is stored in complexes of
hemosiderin or ferritin. Another form of iron storage
is hemosiderin which is a by-product of ferritin degra
[13]
dation .
On the basal surface of enterocytes, ferroportin
(FPN1) is the sole expressed exporter in cells. Iron
is released into circulation when FPN1 interacts with
ferroxidase and hephestin. Hephestin next acts to
oxidize the iron and the iron is then immediately bound
[4]
to the transport molecule transferrin (Tf) . Another
important regulator of iron homeostasis is ferroportin, a
protein which acts to export stored iron from enterocytes
and other intracellular stores. A small hepatic peptide,
[12]
hepcidin, negatively regulates ferroportin
by causing
the internalization and degradation of this protein there
by affecting the export of iron. In summary, hepcidin
[12,16]
reduces iron uptake and serum iron
. There have
been certain factors such as iron, inflammation and
oxidative stress that have been demonstrated to have
an inhibitory effect on the expression hepcidin. However,
hepcidin regulation is not a topic that is completely
understood.

in other populations. In contrast other rarer forms of
hemochromatosis resulting from other mutations in the
hepcidin pathway are quite ubiquitous. The main stay of
treatment remains venesection although new oral ironchelating agents show promise.
Sivakumar M, Powell LW. Management of human factors
engineering-associated hemochromatosis: A 2015 update. World J
Hepatol 2016; 8(8): 395-400 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v8/i8/395.htm DOI: http://dx.doi.
org/10.4254/wjh.v8.i8.395

INTRODUCTION
The clinical and molecular research surrounding the
clinical syndrome of hemochromatosis has been sub
stantial in the last two decades even though it has been
recognized in its advanced state for more than 100
[1]
years . A mutation in the human factors engineering
(HFE) gene was identified as the cause for more than
[2]
90% of cases of classic hemochromatosis in most
countries except for the Mediterranean region where
it is responsible for around 65% of the cases. The
genetic cause for hemochromatosis is more common in
individuals with a northern European ancestry; however,
the clinical manifestation, or incidence of biochemical
abnormalities and clinical disease, is not as common
in these populations. Although mutations in the HFE
gene are most common, there are other forms of iron
overload caused by mutations in other iron regulatory
molecules that present as distinct clinical diseases. Over
time, population studies have served the purpose of
outlining the risk to an individual with a genetic mutation
and the clinical investigations available for assessment
and monitoring have improved. The treatment of hemo
chromatosis is the one aspect of this condition that
has evolved the least over the years with phlebotomy
still being the main therapy available. However, the
treatment has potential for change with increased
research on new therapeutic agents under trial. Although
the European Association of the Study of Liver (EASL)
and the American Association for the Study of Liver
Disease have outlined appropriate treatment regimens,
recent research have challenged these guidelines
suggesting there is a benefit in beginning treatment
early for patients with even mildly elevated iron levels
but with or without clinical manifestation. According to
current guidelines, the threshold of serum ferritin at
which to start treatment is currently taken as above the
normal range where the normal range for serum ferritin
in men is 24-336 μg/L and in women is 11-307 μg/L.
The current clinical standard is to maintain the serum
[3]
ferritin at 50-100 μg/L .

PATHOPHYSIOLOGY

Genetics

Iron homeostasis

Hereditary Hemochromatosis is caused by different

The role of iron in the body is a crucial one from oxygen
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Figure 1 Pathways of Iron transport and metabolism. The pathway of iron in enterocytes and macrophages as effected by hepcidin. Dietary non-heme iron
is taken into the enterocyte via the DMT1. In order for iron to move across the brush border of the enterocyte via DMT1, it must first be reduced from Fe3+ to Fe2+
by DcytB. Once inside of the cell, iron can be sequestered into storage as ferritin or continue along the pathway into circulation. In this process, the iron exporter
FPN located on the basolateral surface of enterocytes is responsible for the transport of ferrous iron into circulation. Once iron is in circulation, hephaestin oxidizes
the ferrous iron back into the ferric state and then it immediately binds to plasma transferrin. The iron is now able to travel to sites of iron storage or where iron is
required. In macrophages, phagolysosomes containing senescent RBC release iron which is also then exported into circulation via ferroportin. Hepcidin, a protein
derived from the liver, regulates iron transport in the body by causing the internalization and degradation of FPN transporters on macrophages and the basolateral
surface of enterocytes. Hepcidin is regulated based on body iron requirements by signals produced from the interaction between different proteins on hepatocytes.
The interaction of the HFE protein and transferrin receptors 1 and 2 (TFR1 and TFR2) and the interaction between bone morphogenic protein (BMP6), hemojuvelin
(HJV) and the bone morphogenic protein receptor (BMP-R) and matriptase 2 (MT-2). RBC: Red blood cells; FPN: Ferroportin; DMT1: Divalent metal-ion transporter 1;
DcytB: Duodenal cytochrome B; HFE: Human factors engineering.

common as HFE gene mutations, there is an increased
proportion of these mutations in non-Northern Euro
[4]
pean populations . Therefore, this information is of
[4]
significance in Asia-Pacific populations .
The knowledge and classification of hemochromatosis
and other iron overload diseases has become more
detailed in the last 2 decades (Table 1). Mutations
in the genes encoding HFE, TfR2, hemojuvelin and
hepcidin all lead to decreased hepcidin activity and
increased iron absorption, resulting in the syndrome of
[5]
hemochromatosis . Mutations in HFE, HJV, HAMP, TFR2
and SLC40A1 have been linked to the various types of
[2,5]
hemochromatosis .

Table 1 Classification of iron overload and hemochromatosis
Genetic iron overload (primary)
Type 1 HFE-associated hemochromatosis
C282Y homoyzygosity
C282Y/H63D compound heterozygosity
Type 2 juvenile hemochromatosis
2A hemojuvelin mutations
2B hepcidin mutations
Type 3 TfR2-related hemochromatosis
Transferrin receptor 2
Type 4 ferroportin disease
Loss of function mutations, also called type 4A or "M"
Hepcidin resistance mutations, also called type 4B or "H"
Aceruloplasminemia
Ceruloplasmin mutations
A(hypo)transferrinemia
Acquired iron overload (secondary)
Ineffective erythropoiesis
Thalassemia major
Sideroblastic anemia
Chronic hemolytic anemia
Dietary iron overload (African)
Parenteral iron overload (including transfusional overload)

HFE-associated hereditary hemochromatosis

In Northern European ancestry, an amino acid sub
stitution specifically at position 282 of the HFE protein
is the mutation most responsible for iron overload in
[5]
this population . The C282Y substitution is rare outside
[17-19]
those of white ethnicity
. HFE is tightly linked to
the HLA-A locus on chromosome 6p. Persons who are
homozygous for the mutation are at increased risk of
iron overload and account for 80% to 90% of clinical
hereditary hemochromatosis in persons of northern
[6-9]
European descent . Pietrangelo suggest that between
10% and 33% of homozygous patients develop
[4,20]
hereditary hemochromatosis
. This suggests that
there are other genetic and non-genetic factors in the
[21]
disease .

HFE: Human factors engineering.

mutations that alter the regulatory proteins involved in
iron homeostasis and hepcidin pathways. The genetic
causes for hemochromatosis can be categorized into
HFE gene mutations and non-HFE gene mutations (FPN,
[2]
TFR HJV) . While non-HFE gene mutations are not as

WJH|www.wjgnet.com

397

March 18, 2016|Volume 8|Issue 8|

Sivakumar M et al . Mangement of HFE-associated hemochromatosis
There have been alternative mutations of HFE
identified, primarily H63D and S65C; however, these
mutations have not been proven to cause substantial
[4]
iron overload . In order to produce symptomatic disease,
a heterozygous mutation is necessary. Since there is
an increased prevalence of C282Y, and H63D is more
relevant clinically, compound heterozygotes with symp
[2,22-24]
tomatic disease are usually C282Y/H63D
.

currently taken as above the normal range. In regards
to maintenance, the advocated standard practice is
to maintain the serum ferritin at 50-100 μg/L and this
[32]
is usually achieved with 3-6 mo of venesection . It
has been identified that the morbidity and mortality
related to hereditary hemochromatosis can be greatly
reduced by beginning treatment (phlebotomy) before
the development of cirrhosis and/or diabetes. As a result
of these findings, it is generally recommended that
individuals at risk have prompt identification and pre[32]
emptive treatment . The pre-emptive treatment should
be extended to involve those with homozygous HH that
are asymptomatic and have markers of iron overload.
Also, individuals with indications or evidence of increased
level of hepatic iron should be treated. In summary,
the American Association for the Study of Liver Disease
recommends that in the absence of indicators suggestive
of significant liver disease (alanine amiotransferase,
aspartate transaminase elevation), C282Y homozygotes
who have an elevated ferritin (but < 1000 μg/L) should
proceed to prophylactic phlebotomy without a liver
biopsy where target levels of phlebotomy should be a
[3,23,32]
ferritin level of 50-100 μg/L
.
Traditionally, it was suggested that serum ferritin be
maintained below 50 μg/L, but this has been updated
to the range stated. Treatment guidelines also suggest
yearly follow-up for the patients whose ferritin levels
are at the normal range. This treatment strategy works
for types 1-3 hereditary hemochromatosis but patients
with type 4a may not tolerate venesection due to the
irregular iron export from cells therefore treatment
[32]
must be intermittent and is more complicated .
Generally, 1 unit of blood is understood to contain
approximately 200-250 mg of iron but the amount
of iron that is removed each venesection can be varia
[3]
ble . It has been reported that on average, phlebotomy
[33]
removes around 200-250 mg of iron per session .
Therefore, treatment must be provided on a personalized
and case by case basis for each patient for appropriate
venesection intervals and treatment regiments.
Although the treatment has remained the same
for many years, there is still debate regarding the
appropriate serum ferritin levels for maintenance of
hemochromatosis. A recent study conducted by Bardou[6]
Jacquet et al found that early and sustained iron
removal is beneficial as patients with serum ferritin
levels between normal and 1000 μg/L, when treated,
have reduced cardiovascular and extra-hepatic related
mortality rates despite normal liver-related mortality
rates. This study suggests that patients with even mild
iron overload should be treated which builds on current
management guidelines. However, this subject remains
controversial.

Non-HFE associated hereditary hemochromatosis

Discussion regarding non-HFE associated hemochro
matosis is beyond the scope of this paper.

CLINICAL MANIFESTATIONS
Hereditary hemochromatosis is most commonly asso
ciated with liver disease including cirrhosis, but the
clinical manifestations of iron overload are diverse and
involve many other organs. Hemochromatosis is an
overall underdiagnosed disease due to the idea that it is
a rare condition and also associating diagnosis with clinical
features seen in advanced disease such as cirrhosis,
[3]
diabetes and skin pigmentation . Genetic susceptibility
for hemochromatosis is seen in approximately one
in 250 Caucasians; however, fully expressed disease
with end-organ manifestations is seen in fewer than
[3]
10% of these individuals . Hemochromatosis patients
mostly present with non-specific symptoms such as
[25,26]
lethargy, arthralgia and weakness
. The other more
commonly affected organ systems include liver, heart,
pancreas, pituitary, skin and joints. Iron deposition in the
conducting bundles and parenchyma of the heart result
in cardiac arrhythmias and cardiomyopathy in 2%-19%
[27,28]
of symptomatic patients
. Diabetes mellitus (DM)
can be seen in up to 60% of symptomatic homozygotes
but the rates of DM in asymptomatic patients are
[7,29]
comparable to controls
. Endocrine dysfunction can
occur as a result of iron deposition in pituitary and
[27,30]
parathyroid glands
. Arthropathy is also observed in
symptomatic and asymptomatic patients due to calcium
pyrophosphate deposition in the articular cartilage, not
nd
rd
iron sequestration and primarily involves the 2 and 3
[25,31]
metacarpophalangeal joints
.

MANAGEMENT AND TREATMENT
Treatment for hemochromatosis with venesection (phle
[5]
botomy) has remained unchanged over the years .
Venesection as a treatment has two purposes: Directly
reduce serum iron by depleting hemoglobin levels and to
replace the depleted circulating serum iron by mobilizing
iron stores from tissues. Early intervention, prior to
[32]
the onset of symptoms, improves patient prognosis .
Furthermore, venesection in symptomatic individuals
improves certain symptoms, such as skin pigmentation,
while not having an effect on others such as cirrhosis
[32]
and arthropathy .
According to EASL clinical practice guidelines, the
threshold of serum ferritin at which to start treatment is
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There is a continuing need to study the factors con
tributing to hemochromatosis due to the variable
clinical penetrance of HFE mutations and the worldwide
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prevalence of hemochromatosis in the absence of HFE
mutations. Hemochromatosis has been divided into
HFE-associated hemochromatosis related to mutations
affection iron transport and absorption and also HFE
negative hemochromatosis or disease without HFE
mutations. There is an incomplete understanding of the
reasons for incomplete penetrance of disease phenotype
in those with HFE mutations but recent research has
revealed the presence of at least one other significant
[34]
modifying genetic mutation . Individuals at risk for
hemochromatosis with genetic mutations and with or
without symptomatic disease are recommended to
pursue treatment at the earliest time possible and prior
to any disease as this can help prevent further morbidity
and mortality associated with hemochromatosis. Re
search advancement is opening doors for the mana
gement and treatment of iron overload as recent
research has begun to develop the importance of
treating mild iron overload due to its identified relation
with reduced cardiovascular and extrahepatic related
mortality rates.
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Abstract

content, liver serum tests (ALT and AP) and profibrotic (collagen 1α1, collagen 1α2, transforming
growth factor-β, and TIMP-1) and anti-fibrotic [matrix
metalloproteinase 2 (MMP2 ), MMP9 and MMP13 ] gene
expression after 4 wk of treatment. Furthermore, the
hepatic IL-1β and F4/80 mRNA expression levels were
unaffected by Anakinra treatment.

AIM: To study the interleukin-1 (IL-1) pathway as
a therapeutic target for liver fibrosis in vitro and in
vivo using the ATP-binding cassette transporter b4-/-/(Abcb4 ) mouse model.
METHODS: Female and male Abcb4 -/- mice from
6 to 13 mo of age were analysed for the degree of
cholestasis (liver serum tests), extent of liver fibrosis
(hydroxyproline content and Sirius red staining) and
tissue-specific activation of signalling pathways such
as the IL-1 pathway [quantitative polymerase chain
reaction (qPCR)]. For in vivo experiments, murine
hepatic stellate cells (HSCs) were isolated via pronasecollagenase perfusion followed by density gradient
centrifugation using female mice. Murine HSCs were
stimulated with up to 1 ng/mL IL-1β with or without
2.5 μg/mL Anakinra, an IL-1 receptor antagonist,
respectively. The proliferation of murine HSCs was
assessed via the BrdU assay. The toxicity of Anakinra
was evaluated via the fluorescein diacetate hydrolysis
-/(FDH) assay. In vivo 8-wk-old Abcb4 mice with an
already fully established hepatic phenotype were
treated with Anakinra (1 mg/kg body-weight daily
intraperitoneally) or vehicle and liver injury and
liver fibrosis were evaluated via serum tests, qPCR,
hydroxyproline content and Sirius red staining.

CONCLUSION: IL-1β expression is associated with the
-/degree of liver fibrosis in Abcb4 mice and promotes
HSC proliferation. IL-1 antagonism shows antifibrotic
-/effects in vitro but not in Abcb4 mice.
Key words: Cholestasis; Primary sclerosing cholangitis;
The ATP-binding cassette transporter b4; Liver fibrosis;
Interleukin-1
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interleukin-1 (IL-1) critically participates in
hepatic stellate cells (HSCs) pathophysiology and in
the progression of liver injury to fibrosis. We found
that fibrosis was more pronounced in female than in
-/male ATP-binding cassette transporter b4 animals.
This fibrosis was associated with higher IL-1β mRNA
expression levels. We showed that IL-1β promoted
the proliferation of murine HSCs and described an
antifibrotic effect of the clinically approved IL-1 receptor
antagonist Anakinra in vitro . Despite the promising
antifibrotic effects in vitro , Anakinra failed to improve
liver fibrosis in this preclinical primary sclerosing
cholangitis model. Its potency in other models of liver
injury and fibrosis remains to be determined.

RESULTS: Liver fibrosis was less pronounced in males
-/than in female Abcb4 animals as defined by a lower
hydroxyproline content (274 ± 64 μg/g vs 436 ± 80
μg/g liver, respectively; n = 13-15; P < 0.001; MannWhitney U -test) and lower mRNA expression of the
profibrogenic tissue inhibitor of metalloproteinase-1
(TIMP) (1 ± 0.41 vs 0.66 ± 0.33 fold, respectively; n =
13-15; P < 0.05; Mann-Whitney U -test). Reduced liver
fibrosis was associated with significantly lower levels
of F4/80 mRNA expression (1 ± 0.28 vs 0.71 ± 0.41
fold, respectively; n = 12-15; P < 0.05; Mann-Whitney
U -test) and significantly lower IL-1β mRNA expression
levels (1 ± 0.38 vs 0.44 ± 0.26 fold, respectively;
n = 13-15; P < 0.001; Mann-Whitney U -test). No
gender differences in the serum liver parameters
[bilirubin; alanine aminotransferase (ALT); aspartate
aminotransferase and alkaline phosphatase (AP)] were
found. In vitro , the administration of IL-1β resulted in
a significant increase in HSC proliferation [0.94 ± 0.72
arbitrary units (A.U.) in untreated controls, 1.12 ± 0.80
A.U. at an IL-1β concentration of 0.1 ng/mL and 1.18
± 0.73 A.U. at an IL-1β concentration of 1 ng/mL in
samples from n = 6 donor animals; P < 0.001; analyses
of variance (ANOVA)]. Proliferation was reduced
significantly by the addition of 2.5 μg/mL Anakinra
(0.81 ± 0.60 A.U. in untreated controls, 0.92 ± 0.68
A.U. at an IL-1β concentration of 0.1 ng/mL, and 0.91
± 0.69 A.U. at an IL-1β concentration of 1 ng/mL; in
samples from n = 6 donor animals; P < 0.001; ANOVA)
suggesting an anti-proliferative effect of this clinically
approved IL-1 receptor antagonist. The FDH assay
showed this dose to be non-toxic in HSCs. In vivo ,
Anakinra had no effect on the hepatic hydroxyproline
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic
cholestatic liver disease that is characterised by obli
terative strictures of the intra- and extra-hepatic bile
ducts. Because these strictures are associated with
inflammation and fibrosis, PSC is supposed to be an
immune-mediated liver disease. PSC primarily occurs in
young adults and leads to liver cirrhosis with hepatic
decompensation and portal hypertension and is fre
[1,2]
quently associated with malignancy of the biliary tract .
To date, there is no effective therapeutic option to halt
disease progression. Thus, liver transplantation in endstage liver disease is often required. The estimated
median time for transplant-free survival may be as
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[1,3]

short as 12 to 13 years at tertiary referral centres .
Therefore, new therapeutic targets need to be identified
to establish an urgently required effective therapy for
PSC.
PSC mainly affects the large bile ducts and causes
[4]
periductal fibrosis . This leads to obliteration of the bile
ducts, resulting in impaired bile flow and cholestasis.
During chronic cholestatic disease, toxic bile acids
[5]
accumulate and induce cholangio- and hepatocellular
[6-8]
apoptosis by specific signalling pathways . The clinical
significance of cholangiocellular and hepatocellular
apoptosis in patients with chronic cholestatic disease
was recently supported by the detection of serum
[9]
markers of liver cell apoptosis .
Hepatocellular apoptosis is considered a trigger of
liver fibrosis via the activation of hepatic stellate cells
[10,11]
(HSCs)
. This results in the progression to liver
fibrosis and cirrhosis in PSC.
HSCs are the major source of hepatic extracellular
matrix deposition and crucially participate in the patho
[12-14]
genesis of liver fibrosis
. In addition to other factors,
enhanced proliferation of this cell type is thought to be
[14]
an important profibrotic mechanism . In this regard,
a recent study found that interleukin-1β (IL-1β) induces
[15]
the proliferation of rat HSCs . Furthermore, IL-1 was
identified as a factor in the progression of liver injury to
[16]
fibrosis . Therefore, we hypothesised that blocking the
IL-1 pathway during liver fibrosis might be a therapeutic
approach in chronic liver disease.
Anakinra is a clinically approved IL-1 receptor anta
gonist that is listed for the treatment of rheumatoid
arthritis by the European Medicines Agency and the
United States Food and Drug Administration. Its impli
cation for the treatment of chronic liver disease and
fibrosis has not been investigated thus far.
-/-/The ATP-binding cassette transporter b4 (Abcb4 )
mouse is an established preclinical model for biliary
[17-19]
fibrosis and PSC
. Therefore, this model is widely
used to study therapeutic strategies for biliary fibrosis
[20]
and PSC in vivo .
Here, we tested the proliferative and pro-fibrotic
properties of the IL-1 pathway in vitro, analysed its
-/contribution to liver fibrosis in the Abcb4 model in
vivo and tested the potential protective effects of the
clinically approved IL-1 receptor antagonist Anakinra
on the development of liver injury and fibrosis in this
animal model.

ethical, institutional and national guidelines for the care
and use of laboratory animals were followed.

Isolation and culture of primary murine HSCs

The isolation of primary murine HSC from female
C57BL/6N wild-type animals was performed by pronasecollagenase perfusion followed by density gradient
centrifugation in 13.2% Nycodenz® (Axis-Shield PoC,
[21]
Norway) . The cells were plated at a density of 25000
2
cells/cm . The cells were kept in DMEM containing 10%
fetal bovine serum and antibiotics (Sigma, Germany) in
a humidified atmosphere with 5% CO2 and 21% O2 at
37 ℃.

Toxicity assay

To investigate the potential toxic effects of Anakinra on
murine HSCs, we performed the fluorescein diacetate
hydrolysis (FDH) assay according to the method of
[22]
Jones et al after stimulation of murine HSCs for 24 h
with 25 pg/mL to 2.5 µg/mL Anakinra.

Proliferation assay

The cells were stimulated with vehicle, 0.1 and 1 ng/mL
IL-1β for 24 h at day three after isolation. Where in
dicated, the cells were co-incubated with 2.5 µg/mL
Anakinra. The proliferation of primary murine HSCs was
measured using a BrdU-assay kit (Roche, Germany)
according to the manufacturer’s instructions.

In vivo experiments

Quantitative real-time polymerase chain reaction

Quantitative real-time polymerase chain reaction was
performed using a Sybr® green system. Glyceraldehyde3-phosphate dehydrogenase or 18 s were used as
housekeeping genes and were normalised against the
means of the controls.

MATERIALS AND METHODS
Animals

Animals were obtained from the Jackson Laboratory
(United States) and Charles River (Germany). The
animal protocol was designed to minimise pain or
discomfort to the animals. The animals were housed
at a 12/12 h light/dark cycle and were fed ad libitum.
The animals were kept according to local regulations.
The experiments were approved by local authorities. All
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-/-

Available material from female and male Abcb4
mice was kindly provided by the Research Unit for
Experimental and Molecular Hepatology, Graz, Austria
(Fickert P and Trauner M). The material from 6- to
13-mo-old animals was studied.
-/Eight-week old female Abcb4 (FVB) mice received
daily intraperitoneally injections of Anakinra (1 mg/kg
body-weight, a dosage used previously for animal
studies, corresponding to the recommended dose for
[23]
the treatment of rheumatoid arthritis
or NaCl 0.9%
as a control for 4 wk, a time period previously shown to
be sufficient to identify the modulation of liver fibrosis
[20]
in this model . After narcotisation with isoflurane
(Abbott GmbH, Germany), the animals were sacrificed
by cervical dislocation.

Serum biochemistry

The levels of bilirubin, alkaline phosphatase (AP), as
partate aminotransferase (AST), and alanine amino
transferase (ALT) were analysed using the Cobas Integra
800 analyser (Roche Diagnostics, Germany) or the
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Hitachi 917 analyser (Boehringer Mannheim, Germany).

liver tissue of female animals.
No gender differences were observed regarding the
hepatic mRNA expression of collagen 1α1, cytokeratin
19 and monocyte chemotactic protein-1; n = 13-15;
Mann-Whitney U-test).
Additionally, no gender differences in serum bio
chemistry were observed regarding the bilirubin, ALT,
AST, and AP levels (data not shown; n = 17-21; MannWhitney U-test). Furthermore, there were no sex
differences regarding hepatic mitotic activity in Ki-67
immunohistochemistry (data not shown; n = 15; MannWhitney U-test).
In summary, we identified a lower grade of liver
fibrosis in male than in female animals as illustrated by
lower hydroxyproline levels and lower hepatic mRNA
expression levels of the profibrogenic gene TIMP-1.
Furthermore, lower fibrosis in male animals was asso
ciated with the reduced mRNA expression of the proinflammatory genes IL-1β and F4/80. These findings
may support a potential role of the IL-1 pathway in the
progression of liver injury to liver fibrosis.

Quantification of hydroxyproline

The hydroxyproline content was determined according
[24]
to the method of Edwards et al .

Sirius-red staining

Liver samples were fixed using 4% formaldehyde. After
embedding in paraffin, 4-μm sections were stained with
Sirius red.

Immunohistochemistry

Ki-67 immunohistochemistry was performed using
the polyclonal rabbit anti-Ki-67 antibody (Novocastra,
Germany). The ABC system with AEC as a substrate was
used for the detection of antibody antigen binding. The
number of positively stained cells was counted per mouse
in 20 randomly chosen fields at 40-fold magnification.

Statistical analysis

Statistical calculations were performed using the SPSS
23 software package (IBM, United States). Where appro
priate, the differences between groups were verified by
the Mann-Whitney U-test.
Where appropriate, the analyses of variance (ANOVA)
were calculated with the procedure UNIANOVA. The
normality and homogeneity of the variances of the
residuals were assessed by inspection of residual plots
from the UNIANOVA procedure and P-P plots. Further
more, Levene’s test was used to assess the equality
of error variances (for details, see also supplemental
material). The results are reported as the means ±
SD. P-values less than 0.05 were considered to be
statistically significant. The statistical analysis of this
study was supported and reviewed by Christoph
Glasmacher (Christoph Glasmacher - Biometrics and
SAS-Programming for Clinical Research).

IL-1β exerts proliferative effects in murine HSCs, while
proliferation is reduced by the IL-1 receptor antagonist
Anakinra in vitro

The importance of IL-1β in stellate cell proliferation was
[15]
reported previously . This work implicates inhibition of
the IL-1 pathway as a potential target in the treatment
of liver fibrosis. However, blockade of this target by the
clinically available IL-1 receptor antagonist Anakinra has
not been tested yet regarding HSC pathophysiology and
liver fibrosis.
We addressed our in vitro experiments to investigate
whether Anakinra could inhibit IL-1β-induced HSC
proliferation.
In a first step, we evaluated the possible toxicity of
Anakinra in primary murine HSCs using the FDH assay.
This revealed no toxic effects of Anakinra at the tested
doses, including the chosen dose of 2.5 μg/mL (data not
shown, n = 3).
Furthermore, we observed that IL-1β increased the
proliferation of murine HSCs [Figure 2A; 0.94 ± 0.72
(arbitrary units) A.U. in untreated controls, 1.12 ± 0.80
A.U. at an IL-1β concentration of 0.1 ng/mL and 1.18
± 0.73 A.U. at an IL-1β concentration of 1 ng/mL in
samples from n = 6 donor animals; general effect of IL1β stimulation P < 0.001; control vs 0.1 ng/mL IL-1β P
< 0.01; control vs 1 ng/mL IL-1β P < 0.001; ANOVA].
Due to the sufficient induction of HSC proliferation by
IL-1β, the toxicity assay was not required for IL-1β.
Proliferation of murine HSCs was reduced signi
ficantly by treatment with 2.5 μg/mL Anakinra (Figure
2B; 0.81 ± 0.60 A.U. in untreated controls, 0.92 ±
0.68 A.U. at an IL-1β concentration of 0.1 ng/mL, and
0.91 ± 0.69 A.U. at an IL-1β concentration of 1 ng/mL;
in sample from n = 6 donor animals; general effect of
Anakinra: P < 0.001; effect of Anakinra without IL-1β
stimulation: P < 0.01; effect of Anakinra with 0.1 ng/mL
IL-1β stimulation: P < 0.01; effect of Anakinra with 1.0

RESULTS
Gender differences in the liver disease of Abcb4-/- mice

Hepatic injury and liver fibrosis were evaluated in male
-/and female Abcb4 animals from 6 to 13 mo of age. We
found that the hepatic hydroxyproline levels were 37%
lower in male animals than in female animals (Figure
1A; 274 ± 64 µg/g vs 436 ± 80 µg/g liver, respectively;
n = 13-15; P < 0.001; Mann-Whitney U-test). Sirius
red staining illustrated reduced collagen deposition in
male animals (Figure 1B). In accordance with these
findings, the livers of male animals showed 34% lower
tissue inhibitor of metalloproteinase (TIMP-1) mRNA
expression (Figure 1C; 1 ± 0.41 vs 0.66 ± 0.33 fold; n
= 13-15; P < 0.05; Mann-Whitney U-test).
The mRNA expression of IL-1β and F4/80 as markers
of hepatic-inflammation was 56% (Figure 1C; 1 ± 0.38
vs 0.44 ± 0.26 fold; n = 13-15; P < 0.001; MannWhitney U-test) and 29% lower (Figure 1C; 1 ± 0.28 vs
0.71 ± 0.41 fold; n = 12-15; P < 0.05; Mann-Whitney
U-test) in the liver tissue of male animals than in the
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Figure 1 Gender differences in liver disease in ATP-binding cassette transporter b4-/- mice. Gender differences in liver fibrosis and liver inflammation were
assessed with hydroxyproline measurement, Sirius red staining and quantitative real-time PCR in male and female Abcb4-/- mice between 6 and 13 mo of age. A: The
hepatic hydroxyproline content of liver homogenates (μg/g liver) was lower in male animals than in female animals ( = 13-15; bP < 0.001; Mann-Whitney U-test); B:
Sirius-red staining illustrates the gender differences regarding fibrosis in Abcb4-/- mice. Images were taken from 9- to 10-mo-old animals (original magnification, 10 ×;
bd: bile duct; pv: portal vein); C: Gene expression was assessed via quantitative real-time PCR and was normalised for 18 s as a housekeeping gene. Expressions
were normalised against the means of female mice. The hepatic IL-1β and F4/80 mRNA expression levels as markers for hepatic inflammation were significantly lower
in male Abcb4-/- mice than in female animals (n = 12-15; bP < 0.001; aP < 0.05; Mann-Whitney U-test). The mRNA expression levels of the profibrotic gene TIMP-1
were also significantly lower in male Abcb4-/- mice than in female Abcb4-/- mice (n = 13-15; aP < 0.05; Mann-Whitney U-test). PCR: Polymerase chain reaction; TIMP-1:
Tissue inhibitor of metalloproteinase-1; Abcb4-/-: ATP-binding cassette transporter b4-/-; IL-1: Interleukin-1; CK19: Cytokeratin 19; MCP-1: Monocyte chemotactic
protein-1.

ng/mL IL-1β stimulation: P < 0.001; ANOVA), indicating
a therapeutic effect of Anakinra on the proliferation of
murine HSCs and, thereby, on liver fibrosis.
Taken together, Anakinra revealed promising antifibrotic effects in vitro.

IL-1 receptor antagonist, on biliary fibrosis and hepatic
-/injury in female Abcb4 mice.
The hepatic hydroxyproline levels as a marker of
liver fibrosis were lower in untreated Wt animals than
-/in untreated Abcb4 mice (Figure 3A; n = 11; 82 ± 30
µg/g vs 227 ± 55 µg/g liver; P < 0.01; Mann-Whitney
U-test) but were unaffected by Anakinra treatment
(Figure 3A; n = 10-11; Mann-Whitney U-test). In
accordance with this, we found differences regarding the
serum parameters ALT (Figure 3A; 89 ± 87 U/L vs 454
± 133 U/L; n = 8-10; P < 0.01; Mann-Whitney U-test)
and AP (Figure 3A; 92 ± 17 U/L vs 530 ± 133 U/L; n

Anakinra has no therapeutic effects in Abcb4-/- mice

The association of the degree of liver fibrosis and IL-1β
-/expression in Abcb4 mice together with our in vitro
data suggest a therapeutic effect of IL-1 antagonism
on liver fibrosis in vivo. Therefore, we tested the
therapeutic effects of Anakinra, a clinically approved

WJH|www.wjgnet.com

405

March 18, 2016|Volume 8|Issue 8|

Reiter FP et al . IL-1 and murine liver fibrosis

A
b

2.0

b

1.8

1.6

1.6

1.4

1.4

1.2
1.0
0.8
0.6

No Anakinra
Anakina

1.0
0.8
0.6
0.4

0.2

0.2
Control

d

1.2

0.4

0.0

b

2.0

1.8

Fold proliferation

Fold proliferation

B

d

IL-1β 0.1 ng/mL

IL-1β 1 ng/mL

0.0

Control

IL-1β 0.1 ng/mL

IL-1β 1 ng/mL

Figure 2 Interleukin-1β exerts proliferative effects in primary murine hepatic stellate cells, while Anakinra reduces hepatic stellate cell proliferation in
vitro. The effects of IL-1β ± the IL-1 receptor antagonist Anakinra on the proliferation of murine HSCs were tested in vitro. A and B: The effects on HSC proliferation
were examined using the BrdU assay after stimulation of cells with vehicle, and IL-1β at 0.1 and 1 ng/mL in the presence and absence of Anakinra (2.5 µg/mL),
respectively (samples from n = 6 donor animals, bP < 0.01; dP < 0.001; ANOVA). HSC: Hepatic stellate cells; IL-1: Interleukin-1; ANOVA: Analyses of variance.

= 8-10; P < 0.01; Mann-Whitney U-test) between the
-/untreated Wt animals and Abcb4 mice but no effects of
the treatment with Anakinra were observed (Figure 3A;
n = 10-11; Mann-Whitney U-test).
In a next step, we performed genetic profiling of
fibrosis-related genes. Here, we found no influence of
Anakinra on the profile of the profibrotic genes collagen
1α1, collagen 1α2, tissue growth factor-β, and TIMP-1
(Figure 3B; n = 10-11; Mann-Whitney U-test) between
the groups.
In line with this finding, Anakinra treatment did not
influence the expression of genes encoding the matrixdegrading enzymes matrix metalloproteinases 2, 9, and
13 (Figure 3C; n = 10-11; Mann-Whitney U-test).
The mRNA expression levels of IL-1β and F4/80 as
indicators of hepatic inflammation were also unaffected
by Anakinra treatment (Figure 3D; n = 10-11; MannWhitney U-test).
These missing antifibrotic effects were illustrated by
Sirius red staining revealing no differences regarding
periportal fibrosis (Figure 3E).
In summary, the in vivo administration of Anakinra
showed no therapeutic effects on established fibrosis
-/and hepatic injury in Abcb4 mice.

the levels of hepatic fibrosis between female and male
-/Abcb4 mice. Hepatic fibrosis was more aggravated in
female mice as assessed by the determination of the
liver hydroxyproline content, a finding that is in line with
that of previous studies, which identified a more severe
[26]
histological phenotype in female animals . Here, the
pronounced phenotype in females was accompanied
by higher mRNA expression levels of IL-1β, F4/80, and
TIMP-1.
TIMP is a well-known profibrotic player in the
regulation of matrix degradation during fibrogenesis
and resolution via the inhibition of matrix metallo
[27]
proteinases
but also via its anti-apoptotic effects on
[28,29]
hepatic myofibroblasts
.
Therefore, the different TIMP levels might be a crucial
factor for the observed gender differences in the degree
of fibrosis. Hepatic inflammation, the role of chemokines,
[30]
cytokines
and macrophages in the context of liver
[31]
fibrosis are broadly discussed . Macrophages may
produce a wide spectrum of cytokines, including IL1β, which are relevant for the pro-fibrogenic nature of
[31-33]
HSCs
. Therefore, we hypothesised that the higher
-/degree of fibrosis in female Abcb4 mice may be related
to a more pronounced IL-1-driven hepatic inflammation
and that the observed TIMP-1 alterations could reflect a
consequence of inflammation. Thus, the IL-1 pathway
might be a potential therapeutic target in PSC and
fibrosis.
Supporting our hypothesis, we found that IL-1β
stimulation exerts proliferative effects also on murine
HSCs. These findings are in accordance with previously
[15]
published data in rat HSCs . Subsequently, we showed
that the HSC proliferation was reduced by applying the
clinically approved IL-1 receptor antagonist Anakinra.
Because the proliferation of HSCs is a trigger of hepatic
[14]
fibrosis , these effects might be of consequence for
disease progression in vivo.
In light of recently published data showing that
IL-1 receptor antagonism ameliorates inflammasome-

DISCUSSION
Few treatment options are available to prevent disease
progression to liver fibrosis and cirrhosis in chronic
cholestatic liver disease such as PSC. In PSC, the
frequently applied bile acid ursodeoxycholic acid (UDCA)
failed to demonstrate a positive effect on the clinical
[25]
outcome , despite the beneficial effects of UDCA
on serum biochemistry. Consequently, the American
Association for the Study of Liver Disease no longer
[2]
recommends the use of UDCA in PSC . The loss of this
therapeutic hope aggravates the need for an effective
drug to treat PSC.
In the present study, we identified differences in
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Figure 3 Anakinra does not reveal therapeutic effects on liver injury in ATP-binding cassette transporter b4-/- mice. Eight-week-old female Abcb4-/- animals
were treated with daily intraperitoneal injections of saline (control) as vehicle or Anakinra (1 mg/kg body-weight) for 4 wk. A: The levels of hepatic hydroxyproline,
alanine aminotransferase (ALT), and alkaline phosphatase (AP) were determined as described previously (n = 8-11, bP < 0.01; Mann-Whitney U-test). Gene
expression was assessed via quantitative real-time PCR using glyceraldehyde-3-phosphate dehydrogenase as the housekeeping gene. Data were normalised against
the means of the controls (saline); B: No alterations in the profibrotic genes were found [n = 10-11; not significant (n.s.); Mann-Whitney U-test]; C: No alterations in the
antifibrotic genes were found (n = 10-11; n.s.; Mann-Whitney U-test); D: Anakinra treatment did not result in a significant change in the mRNA expression of the proinflammatory gene IL-1β or F4/80 (n = 10-11, n.s., Mann-Whitney U-test); E: The Sirius-red staining illustrates the absence of antifibrotic effects (original magnification
10 ×). bd: Bile duct; pv: Portal-vein; PCR: Polymerase chain reaction; TIMP: Tissue inhibitor of metalloproteinase; Abcb4-/-: ATP-binding cassette transporter b4-/-; IL:
Interleukin; MMP: Matrix metalloproteinase; TGF: Transforming growth factor.
[34]

dependent alcoholic steatohepatitis in mice , our
in vitro findings led us to test the efficacy of medical
IL-1 receptor antagonism to prevent liver damage and
-/fibrosis in the Abcb4 model.
We applied Anakinra at an established dose (1 mg/kg
[23]
body-weight)
for 4 wk. This time span has been
established to be sufficient to detect the therapeutic
-/[20,35]
effects in the Abcb4 model
.
However, in the chosen setting, we found no effects
on hepatic injury and fibrosis in this study. The serum
markers of liver damage and cholestasis, as well as
the analysis of liver tissue for fibrotic reaction, were
unchanged.
This might be due to the distinctive pathophysiology
-/of fibrosis in the Abcb4 model. The absence of
-/phospholipids in Abcb4 mice results in a “toxic bile”
constitution that leads to hepatic injury with scarring
and obstruction of the biliary tree, finally causing
[36]
cholestasis . It is thought that portal myofibroblasts
are primarily affected by the regurgitation of bile in
[18]
this model . These cells seem to rapidly acquire
an activated phenotype in the early stages of biliary
[37]
fibrosis
and might be the primary effectors of peri
portal fibrosis, which is the main type of fibrosis in
-/[17,18]
the Abcb4 mouse
. This is also reflected by the
previously observed increasing number in α-SMA-/[18]
positive cells per portal field of Abcb4 over time .
Our in vitro studies revealed the effects on HSCs,
possibly might have different characteristics than portal
[37]
myofibroblasts . This could explain the missing trans
ferability of the in vitro effects in HSCs on the in vivo
-/situation in the Abcb4 model. Thus, it seems likely that
the IL-1-dependent effects may be of pathophysiologic
relevance in other types of hepatic fibrosis that are
primarily caused by the activation and proliferation of
perisinusoidal HSCs, a situation that might be different
from cholestatic fibrosis. One might also suspect that

WJH|www.wjgnet.com

our results suggest that multiple pathways need to be
considered for the therapeutic intervention of different
types of liver fibrosis.
The observation that conventional immunosu
[2]
ppressive treatment has no therapeutic effect on PSC
is in accordance with the missing effects of our selective
and putatively well-tolerable immunosuppressive
approach by inhibition of the IL-1 pathway.
Taken together, this study demonstrated sex diffe
rences regarding hepatic inflammation and hepatic
-/fibrosis in the Abcb4 model. Our in vitro experiments
suggest the relevance of the IL-1 pathway in HSC
proliferation and implicate the therapeutic potential
of IL-1 antagonism. However, the treatment with the
clinically approved IL-1 receptor antagonist Anakinra did
not result in the amelioration of the hepatic phenotype
-/in the Abcb4 model after 4 wk of treatment. Further
studies might identify a therapeutic impact of this
pathway in other types of liver fibrosis.
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Abstract

Institutional review board statement: The Institutional Ethical
Committee of Nara Prefecture General Medical Center approved
this retrospective clinical study.

AIM: To evaluate the efficacy of technical modifications
of total hepatic vascular exclusion (THVE) for hepatec
tomy involving inferior vena cava (IVC).

Informed consent statement: Written informed consent was
obtained from all patients for use of clinical data in research.
The analysis is a retrospective study and the clinical data were
anonymous.

METHODS: Of 301 patients who underwent hepa
tectomy during the immediate previous 5-year period,
8 (2.7%) required THVE or modified methods of
IVC cross-clamping for resection of liver tumors with
massive involvement of the IVC. Seven of the patients
had diagnosis of colorectal liver metastases and 1
had diagnosis of hepatocellular carcinoma. All tumors
involved the IVC, and THVE was unavoidable for
combined resection of the IVC in all 8 of the patients.
Technical modifications of THVE were applied to mini
mize the extent and duration of vascular occlusion,
thereby reducing the risk of damage.
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licenses/by-nc/4.0/

RESULTS: Broad dissection of the space behind the IVC
coupled with lifting up of the liver from the retrocaval
space was effective for controlling bleeding around
the IVC before and during THVE. The procedures
facilitate modification of the positioning of the cranial
IVC cross-clamp. Switching the cranial IVC cross-clamp
from supra- to retrohepatic IVC or to the confluence
of hepatic vein decreased duration of the THVE while
restoring hepatic blood flow or systemic circulation via
the IVC. Oblique cranial IVC cross-clamping avoided
ischemia of the remnant hemi-liver. With these technical
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patient outcome.
Long occlusion time is one of the most significant
hazards of operative morbidity and mortality after
[2]
hepatectomy with THVE . There is no doubt about
the importance of minimizing duration of THVE to
reduce ischemic damage of the liver. Different from
the procedure of portal triad clamping applied alone,
addition of THVE necessitates taking into account both
hepatic ischemia and instability of systemic circulation,
including renal congestion. Selective hepatic vascular
exclusion with hepatic venous occlusion preserving IVC
[12,13]
flow is an alternative of THVE in usual hepatectomy
,
but the method cannot be used for tumors involving
IVC. Reports describing technical modifications aimed at
minimizing hazards of THVE are available in the publicly
[8,14]
available literature, but they are small in number
.
Herein, we describe some technical modifications of
THVE that were applied to patients in our hospital and
which were found by retrospective analysis to have
successfully minimized the duration and the extent
of vascular occlusion. The purpose of reporting these
results is to share these methods with clinicians and
researchers in the field of hepatology so as to help
reduce the rates of disastrous events during hepatec
tomy requiring THVE.

modifications, the mean duration of THVE was 13.4
± 8.4 min, which was extremely shorter than that
previously reported in the literature. Recovery of liver
function was smooth and uneventful for all 8 patients.
There was no case of mortality, re-operation, or severe
complication (i.e. , Clavien-Dindo grade of Ⅲ or more).
CONCLUSION: The retrocaval liver lifting maneuver
and modifications of cranial cross-clamping were useful
for minimizing duration of THVE.
Key words: Total hepatic vascular exclusion; Retrocaval
liver lifting maneuver; Oblique clamping; Switching the
clamp; Hepatectomy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Total hepatic vascular exclusion (THVE) is
needed for resection of liver tumors involving inferior
vena cava (IVC). Because THVE has a high risk of
morbidity, compared to inflow occlusion alone, its dura
tion should be shortened. The technical modifications
reported here minimized the risk of damage of THVE.
Specifically, the procedures include the retrocaval liver
lifting maneuver, switching of the cranial IVC crossclamp, and oblique IVC cross-clamping. For the 8
patients retrospectively assessed, the duration of THVE
was 13.4 ± 8.4 min, which was remarkably shorter than
that reported previously. Postoperative recovery was
smooth for all patients, without severe complications.

MATERIALS AND METHODS
Patients

Ko S, Kirihataya Y, Matsumoto Y, Takagi T, Matsusaka M,
Mukogawa T, Ishikawa H, Watanabe A. Retrocaval liver lifting
maneuver and modifications of total hepatic vascular exclusion
for liver tumor resection. World J Hepatol 2016; 8(8): 411-420
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v8/i8/411.htm DOI: http://dx.doi.org/10.4254/wjh.v8.i8.411

From January 2010 to April 2015, 301 patients under
went hepatectomy at our hospital. Patients who under
went hepatectomy with THVE or modified THVE with
IVC cross-clamping were selected for retrospective
analysis, and those patients who had required only a
small portion of the IVC to be resected without crossclamping of the IVC were excluded from the study. A
total of 8 patients (2.7% of the 301 hepatectomized
patients) fit the criteria for inclusion, namely tumors
involving IVC and treatment by combined resection of
the IVC.

INTRODUCTION

Preoperative evaluation for indication of THVE

For all 8 patients, tumor status had been evaluated
using three-phase contrast-enhanced computed tomo
graphy (CT). Contrast-enhanced magnetic resonance
18
imaging (MRI) and/or ( F)-fluoro-D-glucose positron
emission tomography had been performed in addition as
necessary. The indication of THVE during hepatectomy
was massive tumor involvement of IVC or tumor involve
ment of major hepatic vein extending to its confluence
on IVC. Tumors that had been deemed as necessitating
resection by side clamping of the IVC were excluded
from the indication of THVE. THVE was not used merely
for controlling bleeding from the parenchymal trans
ection plane.

Despite recent advances in liver surgery, resection
for tumors involving inferior vena cava (IVC) is still
[1-4]
challenging . This situation requires total hepatic
vascular exclusion (THVE) for combined resection of
the IVC. The THVE method was developed to control
[5,6]
bleeding during hepatic parenchymal transection ;
however, it is technically complicated and may cause
profound liver damage and circulatory instability, and
as a result inflow occlusion via Pringle’s maneuver is
more frequently used to control bleeding during usual
[7]
hepatectomy, rather than THVE . While THVE can
effectively limit blood loss during hepatic parenchymal
[8,9]
transection, especially that from hepatic veins , its
related rates of morbidity and mortality after hepatec
[10,11]
tomy for tumors involving IVC have been quite high
.
Novel strategies to reduce the risk of damage and
complications of THVE will benefit clinical practice and
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Standard THVE procedures

By dissecting the coronary ligament around the supra
hepatic IVC just below the diaphragm, the outer wall

412

March 18, 2016|Volume 8|Issue 8|

Ko S et al . Technical modifications of THVE
Table 1 Surgical procedures
Case No.

Diagnosis

No. of Size of the largest THVE and
tumor
tumor, cm
modifications

1

HCC

1

20.0

2

Liver
metastasis
Liver
metastasis
Liver
metastasis
Liver
metastasis
Liver
metastasis
Liver
metastasis

1

20.0

2

9.0

1

6.0

4

2.5

10

18.0

15

5.5

9

5.5

3
4
5
6
7

8

Liver
metastasis

THVE
duration, min

Standard with
switching1
Standard with
switching1
Standard with
switching1
Oblique2
(right)
Oblique2
(right)
Oblique2
(right)
Oblique2
(right)
Oblique2 (left)

5
9
23
26
20
7
7

10

Hepatectomy

Vascular reconstruction
procedures

Outcome

Extended right
Direct suture of IVC
hepatectomy
Extended right
IMV patch for HV,
hepatectomy
Direct suture of IVC
Extended right
IMV patch for HV and
hepatectomy
IVC
Right hepatectomy IMV patch graft for IVC

Alive without disease,
60 mo postoperative
Alive with disease, 17
mo postoperative
Alive with disease, 10
mo postoperative
Died of disease, 27 mo
postoperative
Partial resection IMV patch graft for IVC Alive without disease,
and HV
15 mo postoperative
Right hepatectomy,
Direct suture of IVC
Died of disease, 8 mo
partial resection
postoperative
Extended anterior
Direct suture of IVC
Died of disease, 9 mo
sectionectomy,
postoperative
partial resection
Segmentectomy, Direct suture of IVC and Alive without disease,
partial resection
HVs
13 mo postoperative

1

Switching the cross-clamp; 2Oblique cross-clamping. IMV: Inferior mesenteric vein; IVC: Inferior vena cava; HVs: Hepatic veins; THVE: Total hepatic
vascular exclusion.

of the IVC was made visible. Ligation and division of
infradiaphragmatic veins had been made as necessary.
For all 8 patients, the attachment between the liver
and diaphragm was dissected, and the dorsal space
of the suprahepatic IVC was dissected. Subsequently,
the suprahepatic IVC was encircled gently and taped in
preparation for cranial cross-clamping of the IVC. The
infrahepatic IVC was also dissected circumferentially
and encircled in preparation for caudal cross-clamping.
Principally, THVE was not applied before completion
of hepatic parenchymal transection. The final step of
resection involved clamping of the caudal and cranial IVC
prior to the resection and reconstruction of the involved
IVC via THVE.

within 90 d after surgery.

Other surgical procedures

The 8 patients included in this analysis consisted of
6 men and 2 women, with median age of 72-yearsold (range: 36-78 years). Seven of the patients had
a diagnosis of colorectal liver metastases and 1 had a
diagnosis of hepatocellular carcinoma (Table 1). The
mean diameter of the total resected tumors was 10.8 ±
7.3 cm. All patients had tumors involving the IVC, with
or without confluence of the hepatic veins as shown in
Figure 1.
The surgical procedures used for all 8 patients are
listed in Table 1. For all, the initial surgical step was
broad dissection of the space behind the IVC, after
which the liver was lifted up by the surgeon’s left hand
to move it from the retrocaval space in order to control
bleeding before and during THVE (retrocaval liver lifting
maneuver). Standard THVE was applied to 3 patients
(cases 1-3), for which the cranial cross-clamp for THVE
was switched from the suprahepatic to retrohepatic
levels or to the confluence of the major hepatic vein
to shorten the duration of THVE (switching the crossclamp). For the remaining 5 patients (cases 4-8), total
ischemia of the whole liver was avoided by applying the

Follow-up schedule and adjuvant chemotherapy

Follow-up after discharge involved CT or MRI evalu
ation every 4-6 mo and blood testing and physical
examination every 1-6 mo for a total period of 5 years
after the last intervention.

Statistical analysis

All numerical values were calculated as mean and SD or
median and range.

RESULTS

The abdomen was opened via J-shape incision that
included upper median and right oblique incisions.
Tumor status and the relation between the tumors
and major intrahepatic vasculature were confirmed by
intraoperative ultrasonography. The liver was mobilized
to the extent necessary for the planned surgery. The
hepatic parenchyma was transected using the clampcrushing method. Thin vessel branches were burned
by electrocautery or soft coagulation devices. Thicker
branches were ligated and divided. Intermittent Pringle’s
maneuver was applied routinely during the hepatic
parenchymal transection using a 15-min/5-min period
of clamping and release.

Evaluation of operative morbidity and mortality

The recorded postoperative complications were classi
fied according to severity by using the Clavien-Dindo
criteria (grades Ⅰ-Ⅴ). Hepatic failure was defined as
serum level of total bilirubin > 5.0 mg/dL (equal to
85.5 μmol/L) at postoperative day 5 or later. Operative
mortality was defied as all in-hospital deaths and death

WJH|www.wjgnet.com

413

March 18, 2016|Volume 8|Issue 8|

Ko S et al . Technical modifications of THVE

A

B

C

D

Figure 1 Abdominal computed tomography scan images of cases 1-4. A: Case 1: Lumen of the IVC compressed by a huge right liver tumor with expansive
growth; B: Case 2: A large right liver tumor involving the right aspect of the IVC and the confluence of middle and left hepatic veins; C: Case 3: Two tumors were
present, a right liver tumor involving the right portal vein and the portal vein bifurcation, and another tumor occupying the cranial part of segments 4 and 8 and
involving the left aspect of the trunk of the middle and left hepatic veins; D: Case 4: A tumor involving the right dorsal aspect of the IVC and its confluence of the right
hepatic vein. IVC: Inferior vena cava.

cranial clamp obliquely to maintain the hepatic venous
outflow of the liver remnant (oblique cross-clamping).
Detailed descriptions of these techniques are provided
below.

the surgeon’s left hand, was effective for controlling
backflow bleeding from the cut orifice of the IVC under
THVE (Figure 2E).
Switching the cross-clamp: Standard THVE cannot
be avoided for combined resection of IVC involving
the major hepatic vein of the liver remnant, as was
performed in case 3 of this study (Figure 3A). After
removal of the specimen and completion of the repair of
the IVC under standard THVE, the position of the cranial
IVC cross-clamp was switched from the suprahepatic
IVC to the IVC confluence of the resected hepatic vein
to be reconstructed (Figure 3C). Then, the IVC blood
flow was restored to stabilize systemic hemodynamics.
Another surgical situation in this study involved
switching of the cross-clamp of the suprahepatic IVC to
the retrohepatic level, as performed in case 1. The tumor
status is shown in Figure 1A. At the first step of this
intervention, standard THVE was applied for resection of
large hepatocellular carcinoma that involved retrohepatic
IVC massively. Both the tumor and the involved wall
of the IVC were resected under standard THVE. After
repairing the IVC defect around the confluence of the
hepatic vein, the suprahepatic IVC cross-clamp was
switched to the level just below the hepatic vein con
fluence. Then, the portal triad occlusion was released to
restore the blood flow of the liver remnant, after which

Technical modifications for THVE

Retrocaval liver lifting maneuver: The liver cannot
be detached from the IVC when the tumor involves the
IVC. Instead, the retrocaval space behind the hepatic
IVC should be dissected broadly to facilitate performance
of standard or modified THVE (Figure 2A and B). In
all 8 patients of this study, the IVC was compressed
ventrally and the liver was lifted up from the retrocaval
space by the surgeon’s left hand (Figure 2C and D).
This maneuver was quite useful for controlling bleeding
during transection of the hepatic parenchyma near
the IVC. With the help of this maneuver parenchymal
transection can be completed safely before applying
THVE, as shown in Figure 2D. The THVE procedure
was applied at the last step of the combined resection
and reconstruction of IVC, with the involved part of the
IVC excised en-bloc with the liver specimen (Figure
2E). Theoretically, no bleeding should come from the
IVC under THVE, but a significant amount of backflow
bleeding often comes from the cut orifice of IVC during
THVE. For all 8 patients in this study, compressing the
IVC upward from the retrocaval space, by means of
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A

B
Live

Tumor

IVC

C

D
LHV

Liver remnant

Liver remnant

LHV

Left hand

E

F

LHV

LHV
IVC

Pringle’s
maneuver

Figure 2 Retrocaval liver lifting maneuver, performed in case 2. A (illustration) and B (intraoperative image): The retrocaval space (arrow) was dissected broadly
from the right lateral view toward the inner aspect of Spiegel’s lobe (black arrowhead), after which the supra- and infrahepatic IVC were taped to prepare crossclamping for THVE (blue arrowhead and purple arrowhead); C (illustration) and D (intraoperative image): The index and middle fingers of the surgeon’s left hand were
placed into the dissected retrocaval space, and the IVC was compressed ventrally to control bleeding around the IVC during deep parenchymal transection, after
which the thumb finger of the surgeon’s left hand was used to spread the transection plane of the liver (C, which also shows the tumor status); D: Hepatic parenchymal
transection is completed, except for the IVC involved site, before applying THVE; E (illustration) and F (intraoperative image): The liver specimen was excised along
with the involved IVC and LHV wall (red arrowheads), and the backflow bleeding from the cut orifice of IVC was controlled by pinching the IVC using the surgeon’s left
hand from its placement in the retrocaval space; F shows the view after reconstruction of IVC and LHV. See Figure 1B for tumor status. IVC: Inferior vena cava; LHV:
Left hepatic vein; THVE: Total hepatic vascular exclusion.

the retrohepatic IVC was repaired without prolonging the
ischemic time of the liver.

the vascular clamp was inserted behind the IVC obliquely,
preserving the outflow orifice of the hepatic vein of
the liver remnant (Figure 4A and B). By applying this
modification of the THVE procedure, ischemic damage
was avoided, as was intestinal congestion. In patients
of this study for whom the right liver tumor involved the
IVC massively around the orifice of right hepatic vein
(RHV) (as in cases 4-7), the cranial IVC cross-clamp
was applied from the right cranial side to the left caudal
side of the IVC to allow venous drainage of the trunk of
middle and left hepatic veins (MHV + LHV) (Figure 4A).
In patients of this study for whom the left liver tumor
involved the trunk of MHV + LHV (as in case 8), the

Oblique cranial cross-clamping: When the space
between the right and middle hepatic veins is free from
involvement, venous drainage of the residual liver can
be preserved during vascular exclusion by applying
the cranial cross-clamping obliquely (Figure 4A). For
this purpose, the retrocaval space must be dissected
sufficiently in advance, same as shown in Figure 2A. Prior
to this step, hepatic parenchymal transection had been
completed to facilitate visualization of the anterior aspect
of the hepatic IVC (Figure 4A and B). In the next step,
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A
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Liver
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LHV

Pringle’s maneuver

C

D

E

F
LHV

Liver
remnant

Figure 3 Switching the cross-clamp, performed in case 3. A (illustration) and B (intraoperative image): The right liver and involved right wall of the LHV and a
part of the IVC wall had been resected en-bloc under standard THVE (red star indicates the orifice of resected IVC and LHV), before which the suprahepatic IVC was
taped (blue arrowhead, blue tape), and the caudal cross-clamp was placed just under the confluence of LHV to the retrocaval space that had been already dissected (B).
The defect of the confluence of the IVC and LHV was to be reconstructed by using an IMV patch graft (black arrowhead); C (illustration) and D (intraoperative image):
After suturing the IMV patch graft to the IVC part of the defect, the IVC cross-clamps were removed and the clamp was switched to the confluence of the LHV to
restore the systemic circulation via the IVC. The space for switching the clamp was spread by the caudal blue tape (white arrow in D); E (illustration) and F (intraoperative
image): The view after reconstruction is shown. See Figure 1C for tumor status. IMV: Inferior mesenteric vein; IVC: Inferior vena cava; LHV: Left hepatic vein; THVE:
Total hepatic vascular exclusion.

clamp was applied from the left cranial line to the right
caudal line to preserve the outflow of the RHV. In the 5
patients who represented these two special situations,
the THVE duration presented in Table 1 equates to the
occlusion time of oblique cross-clamping of the IVC.

patients, the serum total bilirubin levels gradually
decreased during the first postoperative week to below
2 mg/mL (equal to 34.2 μmol/L) by day 7. No patient
showed a prothrombin time less than 50% at any time
during the postoperative period. In addition, no patient
experienced a complication of Clavien-Dindo grade Ⅲ or
higher and there was no case of operative mortality. The
postoperative complications that occurred included leg
edema, pleural effusion, refractory ascites, and wound
infection (n = 1 each). No patient required reoperation,
subsequent surgical or radiological interventions, or
management in the intensive care unit, and all patients
were discharged within a month after the surgery. All of
the reconstructed vessels remained patent through the
end of follow-up.

Operative parameters and postoperative course

The mean values of the operative parameters for the
total 8 patients in this study are presented in Table 2.
In no case did the THVE time exceed 30 min. Results
from biochemical liver function tests and prothrombin
time indicated the smooth recovery of liver function
during the first postoperative week. In no case did the
maximum serum total bilirubin level exceed 5 mg/mL,
and no patient developed liver failure. For all of the
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A

LHV + MHV

Tumor
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LHV + MHV
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Without Pringle’s
maneuver

D

C

Liver
remnant

E

Liver
remnant

IVC

Figure 4 Oblique cranial cross-clamping, performed in case 4. A (illustration) and B (intraoperative image): The trunk of LHV + MHV was free from tumor
involvement, while the right aspect of the IVC was involved extensively (red arrowhead). After completion of hepatic parenchymal transection, the cranial IVC crossclamp (blue arrowhead) was applied obliquely between the tumor-involved IVC and the trunk of LHV + MHV preserving outflow of the LHV + MHV trunk, which was
possible because the retrocaval space had been dissected sufficiently. Then, the involved IVC wall (white arrowhead in B) and the liver was resected en-bloc under
modified THVE; C (intraoperative image): The involved IVC wall was cut away with scissors (arrow) between the oblique cranial (blue arrowhead) and caudal (purple
arrowhead) cross-clamps; D (illustration) and E (intraoperative image): The large cut orifice of IVC was reconstructed with IMV patch graft (black arrowhead). See
Figure 1D for tumor status. IMV: Inferior mesenteric vein; IVC: Inferior vena cava; LHV: Left hepatic vein; THVE: Total hepatic vascular exclusion.

Survival

with challenges, including unstable systemic circulation,
ischemic damage of the liver and high risk of morbidity.
Minimizing the duration and extent of exclusion is key
[2]
to increasing the safety of THVE . To this end, the
present study highlights the feasibility of three technical
modifications of THVE. The techniques include: (1)
retrocaval liver lifting maneuver; (2) switching the crossclamp; and (3) oblique cranial cross-clamping, which
minimized duration of THVE and ischemic damage of the
liver. It is noteworthy that application of these modified
techniques minimized occlusion time; in addition,
recovery of liver function was smooth, no severe
complication developed, and operative mortality was not
experienced. These operative results are quite favorable,

All patients returned to usual active life after discharge.
The 1-year survival rate was 71%. Individual outcomes
for each patient are presented in Table 1. At the date of
this report, case 1 was alive without disease (5 years
after surgery) and cases 6 and 7 presented with early
multiple tumor recurrence in the liver remnant and died
of rapid progression at 8 and 9 mo respectively.

DISCUSSION
Liver tumors involving IVC or its junction of major
hepatic veins represent situations in which THVE is
needed for curative resection. Such surgery is fraught
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as a preparation for modifying the THVE procedure to
improve its safety. When the tumor involves the IVC,
the liver cannot be freed from the IVC and Belghiti’s
liver hanging maneuver is not possible (and is rather a
[16]
contraindication) . In such a situation, wide dissection
of the retrocaval space makes subsequent procedures
safer. Lifting-up the liver by hand from the retrocaval
space proved quite useful to control bleeding from the
hepatic parenchyma near the IVC and backflow bleeding
from the cut orifice of the IVC during THVE. Although no
bleeding is supposed to come from the IVC under THVE
theoretically, significant amount of backflow bleeding,
which occurs frequently, serves to disrupt and complicate
the vascular reconstruction procedure of IVC. Sources of
such backflow bleeding are lumbar veins, short hepatic
veins, or small venous branches that extend into the
major hepatic veins. Even with portal triad occlusion by
Pringle’s maneuver, blood flow into the liver from the
diaphragm or lesser omentum can exist. Compressing
the IVC by hand, from the retrocaval space, was shown
in the present study to be quite useful and the only way
to control backflow bleeding during THVE.
The damage associated with THVE includes both
systemic circulatory instability (due to absence of
venous return via the IVC) and total cessation of
hepatic blood flow. These conditions cause congestion
of the kidney and intestine, which may explain why the
damage and morbidity after THVE is much higher than
[7]
that experienced after inflow occlusion alone . In the
current study, when the cranial IVC cross-clamp was
switched from the supra- to the retrohepatic IVC (as
performed in case 1), blood flow of the liver remnant
was restored, thereby shortening the ischemic time of
the liver remnant and intestine. When the clamp was
switched to the confluence of hepatic vein of the liver
remnant (as performed in case 3), IVC blood flow was
restored, thereby resolving the systemic circulatory
instability and renal congestion.
Oblique cranial IVC clamping is an option of standard
THVE to avoid ischemic damage of the liver remnant
as well as intestinal congestion; yet, this technique has
not been precisely described in the literature. Even in
the series of patients in this study with tumors with
massive IVC involvement, the hepatic vein of the liver
remnant side was free from involvement in many of the
[1,8]
cases, and this is reported in other studies as well .
Such a situation is good indication for oblique crossclamping. Sufficient dissection of the retrocaval space
and completion of hepatic parenchymal transection in
advance are essential for application of this method.
The timing of applying THVE may be one of the
most important issues underlying its efficacy and safety.
In most of the studies reported in the literature, THVE
was applied during both parenchymal transection and
[1,7,8]
combined resection/reconstruction of IVC
. This
might be one of the reasons for the characteristic long
occlusion time in the studies previous to ours. The
primary policy of our hospital, however, is to make

Table 2 Operative parameters and postoperative course of 8
patients
Parameters

Values or number of patients

Operation time
Blood loss
THVE duration
Postoperative liver function
TB (mg/dL)
Maximum
POD7
AST (IU/L)
Maximum
POD7
ALT (IU/L)
Maximum
POD7
PT (%)
Minimum
POD7
Complications
Clavien-Dindo classification
Ⅰ
Ⅱ
≥Ⅲ
Operative mortality
Hospital stay (d)

482 ± 108 min
1778 ± 1233 mL
13.4 ± 8.4 min

2.01 (0.98-4.4)
1.08 (0.75-1.86)
513 (238-1058)
30 (20-41)
319 (179-824)
64 (36-115)
64.4 (55.3-88.8)
88.1 (61.6-107.8)

2
1
0
0
15 (12-24)

AST: Aspartate amino transferase; PT: Prothrombin time; TB: Total
bilirubin; ALT: Aspartate alanine aminotransferase; THVE: Total hepatic
vascular exclusion.

particularly when compared to those reported by other
[1-3,8,10,11]
studies
.
To date, only a limited number of studies of THVE
for resection of liver tumors involving IVC are present
in the publicly available literature, probably because
the number of experiences in individual institutes
has been small. The most distinctive features of the
present study are the extremely short duration of THVE
and favorable recovery after surgery. While the mean
durations of THVE were 29 min to 78 min in the reports
[1,2,7,8]
from very experienced institutes
, the mean THVE
duration in the present study was only 13.4 ± 8.4 min.
The mortality rates of hepatectomy with IVC resection
[1-4,8,10,11,15]
were 4.5% to 25% in the previous reports
. In
particular, the morbidity and mortality rates were quite
high when standard THVE was applied frequently, even
when hypothermic perfusion was used to attenuate
the ischemic liver damage. In the previous reports,
the major causes of mortality were liver failure and
[1,3,4,8,11]
sepsis
, both of which are likely to be relevant
to ischemic injury of the liver and intestinal congestion
since they may facilitate bacterial translocation. Of
course, simple comparison to the present case series
is not possible due to the differences in severity of
tumor status and underlying conditions. Nevertheless,
minimized duration of THVE might have contributed to
the favorable postoperative course in the present study.
Hand manipulation of the IVC from the broadly dis
sected retrocaval space is a unique method to decrease
bleeding around the IVC. This procedure is also essential
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every effort to minimize the duration of THVE. Because
the retrocaval liver lifting maneuver makes it possible to
complete the hepatic parenchymal transection without
much bleeding, THVE was applied at the final step only
for IVC resection and reconstruction. We believe that its
success depends primarily on the procedures that had
been applied prior to the application of THVE, including
sufficient dissection of the retrocaval space and smooth
completion of the hepatic parenchymal transection.
The small number of included patients may be a
limitation of the present study. In general, the number
of patients requiring THVE for hepatectomy with IVC
reconstruction is rather small for a single institute, such
[1-4,10,11,15]
as ours, as reflected in the previous studies
.
The accumulated literature on this topic includes no
reports that provide a definitive description of modified
procedures of THVE, especially the retrocaval liver lifting
maneuver and oblique cranial cross-clamping that are
described here for the first time. These techniques can
be strategies to decrease the risk of disastrous bleeding
and ischemic liver damage. Sharing these data with
other surgeons will serve to increase the safety and
feasibility of surgery for liver tumors involving IVC.
In conclusion, the retrocaval liver lifting maneuver
and modifications of IVC cross-clamping are useful to
attenuate damage related to THVE. The knowledge and
techniques that have arisen from the current analysis
of our case series may help to improve the surgical
techniques and outcomes for advanced liver tumors
involving IVC.

The authors suggest some technical modifications of the THVE. The study
is clearly planned and correctly managed. The technical details of the three
variations are clearly explained as well as the figures.
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