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Abstract

Ischemia-reperfusion plays a major role in the injury
experienced by the liver during transplantation. Much
work has been done recently investigating the role of
redox species in hepatic ischemia-reperfusion. As ani-
mal models are better characterized and developed,
and more insights are gained into the pathophysiology
of hepatic ischemia reperfusion injury in humans the
questions into exactly how oxidants participate in this
injury are becoming more refined. These questions
include effects of cellular location, timing of injury, and
ability of therapeutics to access this site are increasing
our appreciation of the complexity of ischemia reperfu-
sion and improving attempts to ameliorate its effects.
In this review, we aim to discuss the various methods
to alter redox chemistry during ischemia reperfusion
injury and future prospects for preventing organ injury
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during hepatic ischemia reperfusion.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Ischemia; Reperfusion; Pre-conditioning;
Nitrite

Core tip: Reactive oxygen and nitrogen species play a
central role in the pathology of ischemia-reperfusion
injury. In this review we discuss the efforts of many
groups to trial therapeutics to ameliorate this damage
in animal models of disease as well as clinical trials in
humans. The failure of some trials has served to high-
light the complexity of timing and compartmentaliza-
tion of Ischemia Reperfusion injury. Finally, we discuss
the emerging potential of replenishing nitric oxide by
nitrite therapy and the uniquely broad therapeutic pro-
file of nitrite.

Patel RP, Lang JD, Smith AB, Crawford JH. Redox therapeu-
tics in hepatic ischemia reperfusion injury. World J Hepatol
2014; 6(1): 1-8 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v6/i1/1.htm DOI: http://dx.doi.org/10.4254/
wjh.v6.i1.1

INTRODUCTION

Ischemia reperfusion injury (IRI) identified in animal
models in the mid-70’s was not a widely used clinical
term until the mid-80%s" . Tschemia reperfusion is a pro-
cess whereby the initial damage caused to tissue by com-
promised blood flow (and associated deficit in oxygen
and nutrient delivery) is then compounded by additional
and more severe injury caused by restoration of blood
flow (i.e., reperfusion). Multiple participants play a role
in the post ischemic stress that is caused by restoration
of blood flow and oxidant formation, the interplay of
these participants form the initial layer of complexity to
the problem of IRI. An excellent review by Jaeschke and
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Woolbright discusses in greater detail the cellular and
molecular participants in post ischemic stress of IRIM,
Adding to this complexity is the multiple and diverse
situations in which IRI occurs in the clinic which we
posit likely leads to unique signatures of IRI in different
diseases. In this review we discuss IRI that occurs in liver
transplantation and how our understanding of these re-
dox mechanisms may be critical as we attempt to define
and implement strategies aimed at expanding donation
pools by utilizing marginal donors”. The term marginal
donor refers to grafts from donors of old age, steatosis,
viral infection or other known insults to the liver graft.
The added complexity resulting from each distinct clini-
cal scenario has required further development of our
scientific models to more closely mimic the problemm.
These models have revealed a more prominent role for
IRI when marginal grafts are used. The goal of this
review is to provide the reader a brief review of the
pathophysiology of IRI and focus the discussion on at-
tempts to ameliorate IRI and how these therapeutics are
suggesting a direction forward for clinical strategies.

One emerging candidate for the inhibition of mi-
tochondrial dysfunction and restoration of nitric oxide
bioactivity during ischemia reperfusion injury is the Ni-
trite anion. Emphasis on nitrite within this review will
discuss the unique profile of iz vivo nitrite to address the
multiple insults of IRI injury.

IRI

During the ischemic phase of injury liver tissue is left
with anaerobic metabolism to keep up with the demand
of various cellular processes for high energy phosphates.
Eventually the supply of high energy phosphates be-
comes inadequate resulting in disruption of cellular
homeostasis. Primarily disruption of Na'/K' ATPase
function results in loss of membrane gradients which
then allows for Ca’" influx to the cell. Further produc-
tion of reactive oxygen and nitrogen species (ROS,
RNS), H" and toxic metabolites amplify injury and at-
tract water into the cell and the resultant edema further
impairs cellular function. As cell death begins within the
hepatocytes, nearby endothelial cells and Kupffer cells
begin to express adhesion molecules and chemokines,
that recruit neutrophils to the site of injury and amplify
tissue injurym. Below we discuss individual cell types
implicated in liver IRI during transplantation and their
respective roles in controlling the redox milieu (Figure 1).

Kupffer cells

Kupffer cells are perhaps the most important producer
of ROS during the ischemic stress that occurs during the
cold preservation of transplantation. A general lack of
appreciation of the details of the hepatic IRI led to stud-
ies providing more detail into the timing and compart-
mentalization of IRI. The observation that glutathione
was oxidized in the extracellular space but not within the
hepatocyte drew attention to leukocytes. Given that very
few neutrophils had infiltrated the liver during the eatly
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phase of ischemia focus was directed at the resident
macrophages of the liver, the Kupffer cells, as possible
mediators of glutathione oxidation™”. Given that cit-
culating leukocytes have not begun to infiltrate the liver
in the early phase of ischemia and that donor blood is
largely flushed from the liver during the initiation of
cold preservation it is likely that the role of Kupffer cells
in ROS production is relatively more important during
the IRI experienced by the transplanted organ. The main
ROS generated by Kupffer cells has been demonstrated
to be the superoxide anion radical, and selective inhibi-
tion of Kupffer cells has been shown to ameliorate IRI
further emphasizing the role of ROS derived from these
cells™M. Targeting the Kupffer cells clinically is chal-
lenging given their multiple roles in normal liver func-
tion and defense. However, this work reveals the clinical
relevance of inhibiting ROS within the more accessible
extracellular or vascular space.

Neutrophils

As Kupffer cells contribute to the early ischemic phase,
neutrophils infiltrate and cause much of the damage af-
ter reperfusion. Cytokines and chemokines produced by
the activated Kupffer cells initiate expression of the cel-
lular adhesion molecules such as ICAM-1 and VCAM-1.
Neutrophils become activated, adhere, and begin to
infiltrate the hepatic tissue. Once activated neutrophils
are capable of producing large amounts of superoxide,
hydrogen peroxide, and hypochlorous acid®"”. These
ROS are then capable of injuring the hepatocyte with

the mitochondria being principal tztrgetsm’1 ]

Mitochondria

Mitochondria play a central and complex role in IRI
as both sources and targets of reactive oxygen species
(ROS). Mitochondria produce ROS such as the superox-
ide anion as a result of electron leak during normal res-
piration. This process is enhanced during ischemia lead-
ing to decreased ATP production and organelle dysfunc-
" Ultimately, mitochondria become central to the
fate of the cell as opening of the mitochondrial perme-
ability transition pore (MPT) instantly short circuits the
membrane potential resulting in the cessation of ATP
production and necrosis ensues!'’. Interestingly, whilst
opening of the MPT may occur if the ischemic phase is
long enough, it has also been shown that the MPT open-
ing can be triggered by oxidant stress that ensues with

tion

the restoration of oxygen supply thereby supporting the
model of IRI in that the tissue injury is amplified during
the post ischemic stress phase'”.

ANTI-OXIDANT BASED THERAPIES TO
INHIBIT IRI

As described above, elucidation of the mediators, timing,
and location of IRI has proven complex and presented
many potential targets for therapy. Indeed further experi-
ments to evaluate the role of many therapeutics within
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Figure 1 Ischemia initiates injury leading to reactive oxygen species formation from mitochondria and Kupffer cells. Restoration of blood flow introduces
neutrophils and substrate that further amplify injury. Nitrite reduction in the setting of hypoxia and acidosis restores nitric oxide bioavailability and augments mitochon-
drial tolerance to ischemia if administered prior to injury. ROS: Reactive oxygen species; ATP: Adenosine triphosphate; TNF: Tumor necrosis factor; IL: Interleukin;
ICAM: Intercellular adhesion molecule; O2": Superoxide anion; H202: Hydrogen peroxide; HOCL: Hypochlorous acid.

animal models of IRI have displayed promise[(’]. Further
appreciation for the complexities of IRI within humans
will develop as we attempt to intervene with therapies in
clinical trials. Further, attempts to expand organ dona-
tion pools to decrease mortality within the waiting list for
organ transplantation will result in a greater need to opti-
mize graft function by inhibiting IRI. The following will
discuss several potential therapies of relevance to ROS
and RINS during IRI and their translational potential.

Ischemic preconditioning

Since initial observations that exposure of organs to
brief periods of non-lethal ischemia provides protection
from injury against a subsequent lethal ischemic event'”,
many studies have established the concept of ischemic
preconditioning (IP) in multiple organs“sfzo] and across
various species, including humans'**"*. Unlike many
pathologies characterized by a period of ischemia, liver
transplantation presents an ideal model for therapies
such as ischemic preconditioning as liver is exposed to
a defined, scheduled, and relatively controlled period of
cold ischemia.

Animal models of IP have shown that IRI can be in-
hibited by a defined therapy period of multiple™”, brief
(5-10 min) bouts of ischemia followed by a reperfusion
phase of equal time. As alluded to above although organ
transplantation may represent an ideal model for IP it
also emphasizes that the greatest limitation to IP in other
human diseases, such as myocardial ischemia, is the in-
ability to predict when the injury may occur and provide
the therapeutic IP. This limitation has led to the search
for the mechanism and mediators of IP in hopes of du-
plicating its effects pharmacologically. Interestingly, this
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research has led to the finding that the effects of IP are
not completely limited to the timing or location of the
ischemic therapy in order to provide a protective effect
and have led to the advent of ischemic post condition-
ingm] and remote ischemic preconditioning[24].

The hypotheses to explain the phenomena of isch-
emic conditioning generally fall into the general cat-
egories of IP causing changes directly on the organ
subjected to the repeated IP therapy or that a humoral
factor is produced by the tissue undergoing IP that then
provides a systemic effect of protection. Given the ad-
vent of remote IP the evidence would suggest the latter
mechanism predominates. Further, blood taken from
rabbits that have undergone preconditioning confer their
protective effects during myocardial infarction in rab-
bits that have not undergone a preconditioning phasem].
Mechanistic studies have revealed that adenosine, brady-
kinin, or perhaps other circulating factors signal through
G-protein coupled receptors™. This initiates a signal-
ing cascade involving activation of protein kinase C*'
heat shock factor 1 and mitogen-activated protein
kinase™. Activation of these receptors during precon-
ditioning result in up regulation of multiple systems ca-
pable of attenuating IRI including superoxide dismutase,
heat shock proteins, and eNOSP*, Interestingly, the
mild oxidation associated with the sub-lethal insult of IP
as opposed to the hypoxia itself has been shown to con-
fer protection against a subsequent lethal insult. Specifi-
cally, inducing a mild oxidative insult of infusing a per-
oxide analog into the portal vein of a mouse protected
the liver from a subsequent ischemic insult enforcing the
concept that timing and amount of exposure to oxidants
results in either protection by inducing anti-oxidant de-
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fenses, or overwhelm the cell and initiate cell death™.
Attempts to translate preconditioning whether pre-,
post-, or remote into human disease has had mixed re-
sults?. In part this is due to variance in the research and
clinical models such as the timing of preconditioning,
Mechanistic studies into IP have led to many potential
candidates to confer the protective effects of IP phar-
macologically. Some of these molecules will be discussed
further below and include redox active effectors. Ongo-
ing work in humans will further assess the clinical rel-

. . 35
evance of IP on liver transplantation outcomes'”

Volatile anesthetics

Further evidence to support the principle of providing
a pharmacologic agent that imparts the benefits of isch-
emic preconditioning is the finding that volatile anesthet-
ics impart a similar profile of protection against ischemia
reperfusion injury in the heart”. Termed anesthetic
preconditioning, this phenomenon has been reproduced
in multiple species and by multiple volatile anesthetics.
Mechanistically, it appears that anesthetic precondition-
ing does closely parallel ischemic preconditioning and
interestingly 27z ROS species induces a minute stress that
activates similar pathways of ischemic preconditioning
within target cells. The net effect is the up regulation of
anti-oxidant systems such as heme oxygenase, and eNOS
that help protect the cell from an ensuing TRI""™*, Hu-
man studies have revealed that patients preconditioned
with sevoflurane experienced a reduction in peak trans-
aminase levels, an improvement in clinical outcomes, and
enhanced benefit in those with steatotic livers. Interest-
ingly, iINOS mRNA was significantly increased in the
preconditioned group suggesting a role for NO although
further investigation into mechanism or eNOS expres-
sion was not performed™. As the role of nitric oxide in
IRI and protection is more complex a detailed discussion
is saved for a later sub-section.

Glutathione/NAC

Glutathione (GSH) is an important intracellular anti-ox-
idant and reductant found in high concentrations within
hepatocytes. The protective role of glutathione and its
importance in intracellular detoxification is emphasized
by the model of glutathione oxidation and depletion
found in acetaminophen overdose. Glutathione may
react directly with oxidants such as peroxynitrite and hy-
drogen peroxide, but also provides reducing equivalents
to maintain catalytic antioxidant systems (e.g., glutathione
peroxidase) that provide protection against these ROS
and RNS in intracellular compartmentsm’m. Addition-
ally, hepatocytes export glutathione and thereby detoxify
the important ROS produced by Kupffer cells within the
vascular space as described above during the early phases
of IRI. GSH can either be administered itself or reduced
GSH levels can be replenished by N-acetylcysteine (NAC)
administration. Both GSH and NAC have been shown
to reduce ROS production and oxidant stress after
IRI"**!, Additionally, clinical trials of NAC and GSH
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have shown a reduction in biochemical markers of liver
injury. However, few have reported differences in clini-
cal outcomes associated with GSH or NAC infusion™.
It should be noted that GSH or NAC therapy is limited
in that non-specific effects are likely, and neither target
oxidants in specific compartments. Emerging and excit-
ing recent findings indicate that targeted expression of
antioxidants for example in the mitochondria may result

. . . 45
in more effective and safer strategles[ .

o.-Tocopherol

a-Tocopherol is an orally administered analogue of
vitamin E that limits lipid peroxidation. In general,
a-tocopherol therapy studies have led to mixed results. In
IRI of the liver, pre-treatment of a-Tocopherol in mice
was shown to be protective. In humans, a-Tocopherol
had no effect on biomarkers of hepatic damage after
hepatic ischemia; however, patients in the a-Tocopherol
treatment group had a reduction in ICU stay. Clearly, the
implications on ICU length of stay are complex but sug-
gest the potential for a-Tocopherol in human liver trans-
plantation remains and require further testing;

Allopurinol

Xanthine oxidase has long been considered one of the
major producers of ROS during IRI largely due to evi-
dence of the protective effect of the xanthine oxidase
inhibitor, allopurinol™. However, multiple studies have
demonstrated the limited contribution of xanthine oxi-
dase mediated generation of ROS to the post ischemic
stress of IRI. These findings are further supported by
the dose and length of pretreatment required to convey
the protective effects of allopurinol relative to the much
smaller dose and time demonstrated to effectively inhibit
xanthine oxidase"™*. Additionally, the length of time
required (d) for pretreatment with allopurinol to be ef-
fective will limit its potential clinically due to the limited
lead time a patient has from notification until transplan-
tation due to the nature of organ donation.

Superoxide dismutase

One of the problems with targeting ROS in IRI is the
separation of intracellular and extracellular sources of the
oxidant stress during IRI as well of the timing of ROS
generation within these locations. Generally, Kupffer
cells produce ROS early within the ischemic phase that
injures intracellular targets within the hepatocytes. Later,
during the reperfusion phase previously damaged and
dysfunctional mitochondria in addition to infiltrating
neutrophils contribute to the oxidant stress within the
intra and extracellular spaces. This delineation of timing
and location was emphasized by the failure of one of
the early attempts of scavenging free radicals as a means
to ameliorate IRI. In these studies catalase and superox-
ide dismutase were administered intravenously either in
combination or alone*”. This study found only partial
protection from IRI implicating a significant role for
other ROS or highlighting the weakness that this therapy
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cannot target the intracellular effects of ROS. Subsequent
studies have utilized carbohydrate modifications of these
enzymes or gene delivery to up regulate the intracellular
activity of these enzymes and have shown potential ben-

. . . 50,51
efit and cause for further investigation™!,

Augmentation of endogenous nitric oxide and
application of exogenous nitric oxide and Nitrite

Nitric oxide (NO) produced at low levels by endothelial
nitric oxide synthase (eNOS) is associated with protec-
tion against IRI »zz multiple possible mechanisms includ-
ing preventing leukocyte adhesion and limiting reactive
oxygen species production by mitochondria. Moreover,
deficits in eNOS-derived NO have been documented
in numerous inflammatory disorders and IRI, although
how eNOS activity is altered in human liver transplanta-
tion remains to be clearly defined”*”, Consistent with
protective effects of eNOS are gene therapy studies that
show overexpression of this enzyme in the liver protects
against IRI in mice®.

An alternate strategy to gene therapy is to augment
NO using NO-repletion strategies. Many NO-donors
exist but suffer from a lack of compartmentalized re-
lease that can result in unwanted effects (e.g., hypoten-
sion)”. Recent studies are beginning to address this
limitation. As alluded to above, targeting drugs to the
mitochondria is now a possibility. This has also been
demonstrated with NO, with a mitochondrial targeted
S-nitrosothiol showing protection against IRI in the
heart® in part by limiting ROS production in this
organelle. The potential for this strategy in liver trans-
plantation remains to be tested. In addition, recent
studies have shown that nitrite administration can te-
plete NO-signaling in areas of ischemia®™. The under-
lying concept is that nitrite will only be reduced to NO
by ischemia sensitive mechanisms and thus only pro-
duce NO in the environments where needed and avoid
unwanted systemic effects (Figure 1). This concept
has been validated in numerous experimental models,
including hepatic IRI and lung and liver transplanta-
tion providing a rationale for testing in humans”™*".
Supporting this rationale is the protective effects of
inhaled NO in preventing IRI and improving graft
function in liver transplant patients[sz]; the protective
effects of inhaled NO was posited to be mediated by
increased circulating nitrite levels. In addition to a ther-
apy that can be administered during the ischemic phase,
nitrite may also be a candidate therapeutic to mimic IP
exemplified by studies showing nitrite administration to
normal rats, resulting in protection against myocardial
and hepatic IRI 24#h thereafter via mechanisms that
involved limiting mitochondrial dysfunction during the
IRI period”".

CONCLUSION

Further appreciation of the time course and media-
tors of IRI has led to the discovery of many potential
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therapeutics. Each of these faces the hurdle of increased
complexity and other unknowns when trying to translate
to the pathology seen in human disease. Take for in-
stance the IRI of liver transplantation and the question
of when best to administer a proposed therapeutic to:
the donor, the graft after harvest, the graft during flush-
ing prior to reperfusion, or after reperfusion. Now;, clini-
cal trials must utilize the best data available to choose
timing of administration and the most valuable targets
to investigate whether the therapy is working by the pro-
posed mechanism. These studies will provide the mecha-
nistic insights currently needed into the IRl of human
pathology.

Additionally, the demand for a better understanding
of IRI is increasing as we try to reduce the significant
wait list mortality caused by demand outpacing supply.
This push is causing a closer look at marginal grafts
deemed as such because they are steatotic or come from
donors of advanced age. These conditions are important
to the field of IRI as many of the therapeutics outlined
above show an enhanced benefit in steatotic livers. In
order to optimize these grafts system changes are oc-
curring within the organ donation network primarily to
reduce cold ischemic times associated with transporta-
tion. These proposed changes will result in donors being
transported to specialized centers more experienced with
organ harvest which should minimize organ harvest time
and as the recipient will be located at the same medical
center this will significantly limit cold ischemic time. Im-
portantly, the advent of donation centers will also create
an opportunity to further study these processes. As our
clinical trials are often controlled for safety by regulatory
boards it has been logistically difficult to administer a
therapeutic to a donor that will conceivably affect mul-
tiple recipients at multiple institutions. Although dona-
tion centers do not remove all logistical barriers of such
studies they will create more opportunities to address
IRI prior to the ischemic phase and certainly allow for
tissue collection to improve our understanding of the
human disease.

Given the outlined complexity of IRI it seems that
the ideal candidate therapeutic will function by multiple
pathways. By preventing ROS production, scavenging
ROS in the vascular space and preventing the intracel-
lular damage and mitochondrial dysfunction caused by
ROS in the reperfusion phase we may envision an ideal
therapeutic against IRI. It is unlikely a single candidate
will fulfill the multitude of needs of the ideal therapeutic
but as we gain further information on the mechanisms
of human IRI it will be possible to identify a combina-
tion of therapeutics to best ameliorate the effects of
IRI.
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Abstract

Chronic hepatitis C (CHC) infection affects almost 3%
of the global population and can lead to cirrhosis, liver
failure, and hepatocellular carcinoma in a significant
number of those infected. Until recently, the only treat-
ments available were pegylated interferon and riba-
virin, which traditionally were not very effective and
have considerable side effects. For this reason, interest
in complementary and alternative medications (CAM)
in the management of hepatitis C has been investigat-
ed. Some CAM has demonstrated therapeutic potential
in chronic hepatitis C treatment. Unfortunately, some
CAM has been shown to have the potential to cause
drug-induced liver injury. This article will review and
evaluate many of the natural molecules that interact
with the hepatitis C virus (HCV) life cycle and discuss
their potential use and safety in HCV therapy, as well
as highlight some important interactions between
medical and complementary treatments.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Over the last 10 years there has been a sub-
stantial increase in reports of natural compounds dis-
playing anti-viral activity against hepatitis C. At this time,
there is no firm evidence supporting complementary and
alternative medications for hepatitis C virus infection.
Due to a limited number of trials and small humbers of
subjects included in them, it is not possible to fully evalu-
ate the risk of adverse events connected with the use of
these products.

Halegoua-De Marzio DL, Fenkel JM. Complementary and al-
ternative medications in hepatitis C infection. World J Hepatol
2014; 6(1): 9-16 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v6/i1/9.htm DOI: http://dx.doi.org/10.4254/
wijh.v6.i1.9

INTRODUCTION

Hepatitis C virus (HCV) infection affects an estimated
180 million people globally and is a leading cause of
chronic hepatitis, cirrhosis, and liver cancet'”. To pre-
vent the complications of chronic hepatitis C (CHC),
the goal of therapy is complete viral eradication. For the
past decade, a combination of pegylated interferon-o
(peg-IFN) and ribavirin was used to treat CHC with
disappointing viral eradication rates. These rates were
particularly suboptimal in patients with genotype 1 HCV,
which is responsible for approximately 60% of world-
wide infections”. Sustained virological response (SVR)
rates for genotype 1 HCV are approximately 40% fol-
lowing 48 wk of peg-IFN/ribavirin and are even lower
in patients with HIV co-infection, high baseline viral
load, advanced fibrosis, or those of African descent*”.
The life cycle of HCV can be divided into three ma-
jor steps: (1) entry of the virus into its target cells by re-
ceptor-mediated endocytosis; (2) cytoplasmic and mem-
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brane-associated replication of the RNA genome; and (3)
assembly and release of the progeny virions™, Tn recent
years, there has been improvement in SVR rates with
the development and approval of the first HCV-specific
direct-acting antiviral agents (DAAs), namely boceprevir
and telaprevir[()’m}. In contrast to the non-specific antiviral
activity of peg-IFN and ribavirin, DAA are designed to
inhibit viral proteins involved in the HCV life cycle. Still,
the first DAAs require coadministration with peg-IFN and
ribavirin, and many patients remain intolerant to treatment-
associated side effects, including fevers, influenza-like
symptoms, headache, cytopenias, fatigue, anorexia, rash,
and depressive symptoms.

CAM is being used increasingly across the globe for
many chronic diseases"'?. The Cochrane Library includ-
ed nearly 50 systematic reviews of complementary medi-
cine interventions as of 2003, Many people turn to
CAM when conventional medicine fails, or they believe
strongly in its effectiveness. During the last few years, a
substantial increase of reports on natural compounds
displaying an anti-HCV activity has been published.
There is data that some of these medicinal herbs might
have therapeutic potential in CHC, or may alleviate side
effects of conventional therapy[m. CAM use is common
among people with CHC. A survey of 1145 participants
in the National Institutes of Health (NIH)-supported
HALT-C (Hepatitis C Antiviral Long-Term Treatment
Against Cirrhosis) trial found that 23% of the partici-
pants used herbal productsm. Although sometimes
thought by the public to be safer then conventional ther-
apy, there are many reports about liver toxicity and other
adverse events from some herbal productsm’w]. The aim
of this review is to evaluate the efficacy and safety of
treating HCV infection using complementary and alter-
native medicine.

MEDICINAL HERBAL AND DIETARY
SUPPLEMENTS WITH ANTI-HCV
ACTIVITY

Silymarin
An extract of the milk thistle plant, silymarin (Siybum
marianum), has been used to treat chronic liver disease
since the time of the ancient Greeks'*. Owing to its pur-
ported hepatoprotective properties, it is the most com-
monly used herbal product by individuals with chronic
liver disease in the United States"”. A recent publica-
tion from the HALT-C study group indicated that 33%
of patients with CHC and cirrhosis reported current or
past use of silymarin"", A follow-up study found sily-
marin use among CHC patients was associated with re-
duced progression from fibrosis to cirrhosis, but had no
impact on clinical outcomes'"”

The major active component of silymarin, silibinin
(a mixture of the two diastereoisomers silybin A and
silybin B), is thought to be responsible for silymarin’s
hepatoprotective properties' . Silymarin appears to in-
hibit HCV infection at two or more different levels: (1)
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it inhibits HCV replication in cell culture; and (2) it dis-
plays anti-inflammatory and immunomodulatory actions
that may contribute to its hepatoprotective effect"™?".
The inhibition of HCV replication has been attributed
to inhibitory action on the NS5B RNA-dependent RNA
polymerase.

Clinical studies that have evaluated milk thistle for a
vatiety of liver diseases have yielded inconsistent results
and low bioavailability of oral silymarin components[zﬂ.
Studies with IV silibinin have shown substantial antiviral
effect against HCV in liver transplant recipients, and
even in nonresponders with good safety outcomes’> ",
Although oral administration of silymarin is not effective
for the treatment of HCV, intravenous silibinin formula-

tion may represent a future potential therapeutic option.

Green tea extract

Green tea, made from the unfermented leaves of Camel-
lia sinensis, 1s comprised of several polyphenolic com-
pounds called catechins, and can be concentrated into
a green tea extract (GTE). Epigallocatechin-3-gallate
(EGCQG) is the most abundant and potent catechin con-
tained within GTE, comprising typically approximately
40% of the total polyphenol content™. EGCG is a
potent inhibitor of HCV entry in primary human hepa-
tocytes independent of the genotype, by blocking virus
attachment. This novel inhibitor may provide a new ap-
proach to prevent HCV infection, especially in the set-
ting of liver transplantation of chronically infected HCV
patientsm’m. Beyond its antiviral effect on HCV, EGCG
may have potential use as a chemopreventative agent for
hepatocellular cancer as EGCG may inhibit cancer cell
growth. This mechanism of action is thought to be due
to tyrosine kinase inhibition and modulation of target
gene expression associated with induction of apoptosis
and cell cycle arrest in cancer cells™ ",

GTE is a common ingredient in several dietary sup-
plements, some of which have been withdrawn from
the market due to safety concerns. An example of this is
Exolise (Atkopharma, France), a weight loss supplement
containing high EGCG levels that was withdrawn from
the market in April 2003 due to 13 cases of attributable
liver injur§7[35]. Between 1966 and 2008, 216 case reports
of toxicity with green tea extracts were identified by the
United States Pharmacopeia, of which 34 were concern-
ing for liver toxicity™. Recent animal studies with high
doses of GTE and EGCG have described dose-depen-
dent hepatotoxicity resulting in severe morbidity and
mortality””. However, chronic moderate to high dose
daily GTE and EGCG use in healthy human volunteers,
and selected patients with cirrhosis, was safe and did not
impair liver function™*". Although GTE may be very
useful in further treatment of CHC and prevention of
HCC, its hepatotoxic potential must be acknowledged
and monitored carefully in future studies.

Naringenin

HCV associates with B-lipoproteins [very low density
lipoprotein (vLDL) and low-density lipoprotein (LDL)]
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circulating in blood"!!. In addition, HCV replication can
be up-regulated by fatty acids and inhibited by statins;
this suggests an interaction between HCV, cholesterol,
and lipid metabolism'*. Recent research has found that
of HCV secretion is dependent on both apolipoprotein
B (ApoB) expression and vLLDL assembly in a chromo-
somally integrated complementary DNA (cDNA) model
of HCV secretion™.

Naringenin is the predominant flavanone present
in the grapefruit and is responsible for its bitter taste.
Naringenin has been shown to reduce cholesterol levels
both in vitro and in vivd™*. Furthermore, naringenin
inhibits ApoB secretion by reducing the activity and the
expression of the microsomal triglyceride transfer pro-
tein (MTP) and the acyl-coenzyme A cholesterol acyl-
transferase 2 (ACAT)W’%]. Due to the close link between
HCV assembly/secretion and lipoprotein metabolism,
there has been extensive study on the impact of narin-
genin on the secretion of HCV particlesm]. A dose-de-
pendent decrease of core protein, HCV-positive strand
RNA, infectious particles, and ApoB has been observed
in the supernatant of infected primary hepatocytes in
culture after naringenin treatment . Overall, naringenin
blocked the assembly of intracellular infectious viral
particles without affecting intracellular levels of the viral
RNA or protein. Although still at the cell culture phase,
naringenin may offer new insight into a promising and
novel HCV therapeutic target.

Glycyrrhizin

Glycyrrhizin, a natural compound extracted from the
roots of Glyeyrrhiza glabra, has been used for more than 20
years as a treatment for chronic hepatitis'”. It has been
used for many centuries in traditional Chinese medicine
as an anti-allergic agent. Because of its sweet taste it is
also used as a food additive, for example in beverages
and licorice™. In an attempt to use glycyrrhizin as a
treatment for “allergic” hepatitis it was found to lower
the transaminases. In a study by Suzuki ¢z 2/ in 1977,
plasma transaminases activity improved significantly with
glycyrrhizin in patients with chronic liver disease com-
pared to a placebo group.

The mechanism by which glycyrrhizin improves the
biochemistry and histology in liver disease is unknown.
It is thought to have anti-inflammatory, antioxidant and
immunomodulatory activities. Due to this there has
been much interest in use of glycyrrhizin in CHC. In
the only randomized clinical trial of glycyrrhizin, ALT
levels declined modestly during treatment, compared
with placebo, but this was not sustained after cessation
of treatment and there was no significant effect on HCV
RNA levels™. In the another trial, statistically significant
differences in liver enzyme levels, but not viral loads,
between treatment groups were identified during treat-
ment, however, again no sustained response occurred at
follow—up[sn. Use of glycyrrhizin is not without side ef-
fects. It has been found to cause pseudo-aldosteronism,
manifested by sodium retention, hypokalemia and hyper-
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tension™. Cardiac arrhythmia and acute rhabdomyolysis
due to severe hypokalemia caused by excess licorice con-

sumption have also been reportedm’w.

Oxymatrine

Oxymatrine is the major alkaloid extract from the root
of sophora flavescens, a deciduous shrub native to China,
Japan, South Korea and Russia. It is reported to have
antiviral activity against HCV in cell cultures and in
animal studies” ", Clinical studies have shown that oxy-
matrine has some hepatoprotective activity in alcohol
toxicity and hepatitis B infection, but not carbon tetra-
chloride, acetaminophen or cadmium chloride-induced
acute hepatitis[ss’s(ﬂ. Oxymatrine is considered to be an
antifibrotic, likely through inhibition of lipid peroxida-
tion . In a study of HCV-infected subjects random-
ized subjects to receive either an intramuscular injection
of oxymatrine 600 mg/d or other support products such
as oral vitamins 47% of the treated cases had complete
HCV viral suppression after 3 mo, compared with only
5% in the control groupm”. No serious adverse events
were reported. The treated group had significantly more
ALT normalizations than the control group in the first 2
mo, but this improvement waned by the end of the third
month of treatment. While treatment with oxymatrine
holds promise, it is difficult to draw conclusions from
the small studies currently available.

Traditional chinese herbal medications

The primary goal of Chinese traditional medicine is to
create wholeness and harmony within a person, allow-
ing the mind/body/spirit to heal itself. There have been
several randomized clinical trials of traditional Chinese
medicine in the treatment of hepatitis C, however, the
methodological quality of these studies is generally con-
sidered poor™ ™. In two trials of herbal formulations
in combination with interferon-alfa, there was a trend
toward greater clearance of HCV RNA and ALT nor-
malization with the combination treatment compared
with patients receiving monotherapymm. In the only
placebo-controlled trial of solo therapy with traditional
Chinese medicine, a significant reduction in ALT levels
during treatment occurred, though no virologic effect
was identified®”. Detailed descriptions of adverse events
were not provided for most of these trials. The safety
of these medicines is unclear due to the individualized
nature of many of the herbal compounds involved, the
large number of different herbs in each formulation, and
the relatively small number of subjects within each clini-
cal trial.

Vitamin D

The traditional role of Vitamin D (Vit D) was thought
to be based upon its interaction in calcium homeostasis,
via regulation of intestinal calcium absorption and of
bone health. However, over the last several years Vit D
has been shown to have a much more complex role in
many other host functions, including its interaction with
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chronic hepatitis C. 25-OH Vit D is made in the liver vza
cytochrome P450 (CYP27A1) activated hydroxylation of
Vit D, brought into the body either by intestinal absorp-
tion or endogenous synthesis through sun-exposed skin.
It is then converted to 1.25 OH Vit D (calcitriol) in the
kidneys, the most active form, where it becomes avail-
able to bind to Vit D receptors throughout the body™"™,

A growing body of clinical evidence has demon-
strated an increased prevalence of Vit D deficiency in
patients with CHC. As such, Vit D supplementation has
been proposed as an adjunct to current standard regi-
mens for treatment of hepatitis C"™. One study found
that mean 25-OH Vit D serum levels were significantly
lower in CHC (25 pg/1) than in the controls (43 pg/T)"".
Importantly, low Vit D has been linked to increased fi-
brosis and impaired sustained virologic response (SVR)
in IFN-based therapym. One clinical trial demonstrated
that the addition of Vit D to the standard IFN plus
ribavirin treatment significantly increased SVR in pa-
tients with genotype 1 CcHC™, Regarding the underly-
ing molecular mechanisms, an iz vitro study showed that
Vit D remarkably inhibits HCV production in Huh7.5
hepatoma cells”™. These cells express Vit D hydroxylases
and can eventually generate calcitriol. Notably, treatment
with calcitriol resulted in HCV inhibition through induc-
tion of IFN-beta. Overall, 25-OH Vit D levels appear to
be an important prognostic marker in helping determine
the likelihood of SVR. 25-OH Vit D levels should be
checked routinely before HCV treatment and supple-
mentation provided to deficient patients, in an effort to
enhance treatment response.

Antioxidants

Antioxidants are one of the most common dietary supple-
ments taken by patients with CHC"™. The use of these
supplements is based on the fact that oxidative stress has
been attributed to both host inflammatory processes and
induction by viral proteins. By increasing antioxidants,
one may be able to decrease oxidative stress and there-
fore decrease liver injurym. Existence of oxidative stress
in CHC is well documented, as oxidized protein and
nucleic acid markers are increased and antioxidant levels
are decreased””™. Studies have shown levels of oxidative
stress markers to correlate with disease severity, HCV
RNA, iron overload, and insulin sensitivitym‘m. Oxida-
tive stress has also been shown to be an eatly event in
carcinogenesis and is a risk factor for development of
HCC in patients with chronic HCV®,

Multiple trials have shown antioxidants, such as Vi-
tamin E and N-acetyl cysteine, only lead to small reduc-
tions in ALT after chronic administration in some in-
stances’™ . Further, the decrease in ALT levels in most
studies is marginal and is not sustained after stopping the
treatment, raising the question of their clinical signifi-
cance. No study has shown an improvement in outcome.
In addition, no study has shown clear benefit of antioxi-
dants as adjuvant to interferon based therapy of HCV. At
the doses studied, these antioxidants appear to be well-
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tolerated, with no specific adverse events reported in any
of the trials. However, very large oral doses of N-acetyl
cysteine are commonly associated with nausea and vomit-
ing and intravenous administration of N-acetyl cysteine
can result in anaphylactoid reactions, which may be more
common in patients with chronic liver disease™. There-
fore, evidence supporting use of antioxidants as useful
therapeutic agents in CHC is lacking;

HERBAL SUPPLEMENTS AND DRUG
INDUCED LIVER INJURY IN CHRONIC
HCV

Drug-related hepatotoxicity is a serious health problem,
with broad implications for patients, healthcare provid-
ers, the pharmaceutical industry and governmental regu-
latory agencies. The Drug Induced Liver Injury Network
(DILIN), a federally funded consortium of 12 centers
in the United States, recently reported the preliminary
results of its prospective study”. Dietary supplements
were implicated in 9% of reported DILI cases. This
may be potentially related to increasing use of herbal or
dietary supplements in the US population. The impor-
tance of these supplements as a cause of DILI is further
underscored by a retrospective Japanese study, in which
10% of 879 cases of single agent DILI from 1997 to
2006 were attributed to dietary supplements and 7% to
Chinese herbal drugs[%].

In general, chronic liver diseases such as HCV in-

fection are thought to be associated with an increased
incidence of hepatotoxicity induced by several specific
drugs. Furthermore, patients with underlying liver dis-
ease potentially have worse outcomes than healthy in-
dividuals if they do develop DILI™. For example, the
presence of underlying CHC has been shown to increase
the risk of DILI caused by the antituberculosis drugs
isoniazid and rifampin, as well as ibuprofen and methim-
azole!™”™. Due to this, patients with chronic hepatitis
C should be counseled and screened by physicians on
potential risks associated with herbal medications.

DRUG-CAM INTERACTIONS

Another major area of awareness when patients are con-
sidering using CAM is whether or not drug-CAM interac-
tions may exist that could impact the medical therapy.
This issue is becoming even more complicated with the
addition of new medications for the treatment of CHC
infection such as simeprevir and sofosbuvir approved
for use in the US. in December 2013. St. John’s wort
(Hypericum perforatum), a common CAM used for the
treatment of depression, is an inducer of cytochrome
P450 3A4". This cytochrome is also the primary me-
tabolizer of many medications, including the HCV pro-
tease inhibitors: telaprevir, boceprevir, and simeprevir.
Additionally, St. John’s wort is a potent intestinal P-gp
inducer and may lead to a reduced therapeutic effect of
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Table 1 Herbal supplements to discontinue and/or avoid

while taking hepatitis C virus treatment

Herbal Product

Milk thistle
(Silybum marianum)

Effect

Concomitant use of milk thistle may
result in increased plasma concentrations
of simeprevir

St. John's wort
(Hypericum perforatum)

Concomitant use of St. John’s wort may
result in decreased plasma concentra-
tions of telaprevir, boceprevir, simeprevir
and sofosbuvir

the HCV nucleotide polymerase inhibitor sofosbuvir ™.

Concomitant use of St. John’s wort and these HCV
treatments is contraindicated and can lead to treatment
failure by reducing blood concentrations. Additionally,
concomitant use of milk thistle use is contraindicated
with simeprevir. This combination may increase levels of
simeprevir by milk thistle CYP3A inhibition leading to
possible toxicity[ml] (Table 1). Gatlic extracts, grapefruit
juice, and germander also have cytochrome P450 3A4
interactions' .

CONCLUSION

Many human studies have shown improvements in subjec-
tive symptoms and liver biochemistries in HCV patients
with CAM, but there is no convincing data to suggest a
definite histological and/or virologic improvement with
any of the herbal agents currently available. Vit D seems
to have the best available data as adjunctive therapy to
antiviral medications in patients with Vit D deficiency.
Pootly designed studies, heterogeneous patient popula-
tions, lack of standardized preparations, and poorly
defined nonobjective end points may partly explain the
conflicting reports in the literature.

The safety profiles of the interventions discussed
within this review are encouraging at the doses studied.
However, the long-term safety for use in the treatment
of hepatitis C, either alone or in combination with con-
ventional medicines, has not been established. Compara-
tive and placebo-controlled trials suggest that patients
experience no more adverse events with these interven-
tions than with placebo or comparative medications,
although short-term clinical trials are not designed to
detect rare or delayed adverse events. Physicians need to
be cognizant of known or occult use of CAM by their
patients because hepatotoxicity and drug interactions
may occur with many herbal medications, and may occur

more frequently in patients with chronic liver disease.
There is an undoubted need for further research into
the treatment of hepatitis C, and this review has identified
several promising compounds, including Vit D, silymarin,
oxymatrine, naringenin, and GTE. Some or all of these
may be integral components of future HCV management.
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Core tip: We propose that the attending physicians car-
Abstract ing for patients with assumed drug induced liver injury
Causality assessment of suspected drug induced liver and herb induced liver injury should use the Council
injury (DILI) and herb induced liver injury (HILI) is for International Organizations of Medical Sciences
hampered by the lack of a standardized approach to (CIOMS) scale for causality assessment. This approach

be used by attending physicians and at various sub- includes the option of subsequent refinement of the
sequent evaluating levels. The aim of this review was CIOMS based results by expert panels and regulatory
to analyze the suitability of the liver specific Council agencies. The use of the CIOMS scale as an identical
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tool for all involved parties will allow early and pro-
spective collection of all relevant data required for a
valid causality assessment in clinical hepatology.

Teschke R, Wolff A, Frenzel C, Schwarzenboeck A, Schulze
J, Eickhoff A. Drug and herb induced liver injury: Council for
International Organizations of Medical Sciences scale for cau-
sality assessment. World J Hepatol 2014; 6(1): 17-32 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v6/i1/17.htm
DOL: http://dx.doi.org/10.4254/wjh.v6.11.17

INTRODUCTION

Drug induced liver injury (DILI) and herb induced liver
injury (HILI) are complex diseases and often overdiag-
nosed" ™. An expert review of suspected DILI reports
from primary and secondary care physicians to the UK
Committee on the Safety of Medicine revealed that
47.1% of the cases were not DILI and that the misdiag-
noses delayed arriving at the correct diagnoses, possibly
worsening patient outcome!", Misdiagnosis was a com-
mon phenomenon in other DILI studies””, including
publications in which DILI was initially assumed, but
hepatitis E virus infection later on evolved as the cor-
rect diagnosisp"ﬂ. Similarly, in a recent assessment of
initially suspected HILI, correct diagnoses were missed
in 278/573 cases, corresponding to 48.5%"". Given these
frequencies because of insufficient case assessment,
DILI and HILI represent major issues for physicians
who care for patients with these diseases.

Physicians commonly are confronted with a wealth
of published data about hepatic adverse drug and herb
reactions and may use this information for evaluating
the cases of their patients. Reviews addressed general as-
pects of DILI™ or HILI"™'"" whereas other reports fo-
cused on various basic features like clinical course, prog-
nosis, alternative causes, case definition and phenotype
standardization™""", They suggest a similar or identical
clinical presentation of DILI and HILI, raising the ques-
tion of whether HILI needs a separate term. However,
major differences exist between DILI and HILI; DILI is
caused by a single chemically characterized drug, whereas
HILI is triggered by a chemical mixture constituted of
the herbal extract, which often lacks the benefit of regu-
latory surveillance. Herbal product quality varies and is a
major issue in HILI, adding to the complexity in evalu-
ating causality for herbs. This may explain why HILI is
considered as a poorly defined entity, is a neglected dis-
ease, and requires special attention.

Potential genetic risk factors and biomarkers, includ-
ing micro-RNA, are presently being investigated to ex-
plain DILI and HILI disease"™*”. These data provide
promising clinical and scientific results but currently
contribute little to diagnose DILI or HILI correctly
and in time, or to exclude alternative causes. Recogniz-
ing that the best approach is still not available in clinical
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practice, the physician needs a pragmatic guideline to
quickly evaluate suspicious cases and reach a conclu-
sive diagnosis. This is at present best achieved by the
combination of clinical judgement and a liver specific
causality assessment algorithm like the CIOMS (Council
for International Organizations of Medical Sciences)
scale®™ as has been summarized recently"™'***. For
DILI and HILI case reports, the CIOMS scale based
on international consensus meetingspl’zz’%’zﬂ is the com-
monly applied method to assess causality!">!"142>24282
In clinical practice, causality assessment of suspected
hepatotoxicity is hampered by the lack of a standardized
approach, which is applicable to all levels of causality as-
sessment™ ! and requires simplicity of the assessment
method rather than complexity to evaluate DILI and
HILI cases.

This review analyzes the suitability of the liver spe-
cific CIOMS scale for causality assessment in DILI
and HILI cases as a standard for attending physicians,
regulatory agencies, expert panels and the scientific com-
munity. It focuses on the characteristic features of the
CIOMS scale, discusses strengths and weaknesses, and
suggests approaches for the clinician who lacks a stand-
by panel of DILI or HILI experts.

The PubMed database was searched for the following
terms: drug induced liver injury; herb induced liver inju-
ry; DILI causality assessment; and HILI causality assess-
ment. The literature search was done on June 4, 2013.
Several hundreds of records were initially obtained,
depending of the term used. The first 50 publications
of each search were analyzed in depth for suitability in
the analysis of the CIOMS scale quality, with numer-
ous duplicated reports found in each category. The final
compilation of evaluated publications consists of origi-
nal papers, case series, case reports, consensus reports
and review articles. All relevant reports were included in
the reference list to be presented in this review: Analyzed
reports were published between 1977 and 2013, prefer-
entially within the last decade.

GENERAL ASPECTS

The liver specific and quantitative CIOMS scale was con-
ceptualized and developed in consensus meetings orga-
nized at the request of the Council for International Ox-
ganizations of Medical Sciences (CIOMS), with details
published in 1993 This CIOMS scale represented a
breakthrough in DILI causality assessment methods and
extended, specified and quantified the preceding quali-
tative RUCAM (Roussel Uclaf Causality Assessment
Method) of 1988 and qualitative CIOMS method of
1990”7, The basis for the CIOMS scale was provided
by eight experts in hepatology from 6 countries and in-
cluded ] P Benhamou (France), ] Bircher (Germany), G
Danan (France), W C Maddrey (United States), ] Neu-
berger (United Kingdom), F Orlandi (Italy), N Tygstrup
(Denmark) and H ] Zimmerman (United States)”"!, This
expert panel evaluated DILI cases for case characteris-
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tics, hepatotoxicity critetia, liver injury pattern and reex-
posure criteria, standardized DILI case assessment with
specific, quantitative items™, and the experts validated
their method with established positive reexposure DILI
case results””, The CIOMS scale was developed for as-
sessment of a single drug containing a synthetic product
and may be used for a single herb containing multiple
chemical constituents, but does not allow causality at-
tribution to a specific constituent. The scale is a learning
system and not immutable; room for improvement and
refinement of the CIOMS scale has been outlined™,
with modifications of the CIOMS scale based on im-
proved diagnostic instruments'.

STRENGTHS

Prospective use

Its prospective application enables the CIOMS scale
to provide an early causality grading for patients with
suspected DILI or HILI; its results can be adapted fur-
ther to diagnostic and therapeutic measures. This scale
is casily used as a bedside tool at a time the disease is
developing (Tables 1 and 2). Results do not depend on
expert opinion and are quickly available for trained phy-
sicians to decide whether DILI and/or HILI should be
considered as relevant differential diagnoses due to their
clinical experience. Assessment is best started on the day
of suspecting DILI or HILIL, with a continuous update
of the required data and a change in the diagnostic and
therapeutic concept if needed. Finally, a complete data
set for presentation to regulatory agencies, expert panels
and eventually for publication is obtained”™¥ includ-
ing a checklist with additional data helpful in overall case
evaluation and causality assessment (Table 3). Therefore,
the CIOMS scale should be considered as a standard for
causality assessment of DILI and HILIL, both for the at-
tending physician and later evaluation stages. Using one
single assessment method at all evaluating levels allows
comparison of different assessment outcomes.

Liver specificity
Liver specificity is a hallmark of the CIOMS scale, in
contrast to liver unspecific causality assessment methods
or ad hoc approaches™. The CIOMS items are spe-
cially tailored to liver injury and not applicable to liver
unrelated adverse drug reactions””
ments of hepatotoxicity are considered in the CIOMS
scale (Tables 1 and 2): time to onset of increased liver
values or symptoms from the beginning and cessation of
the drug/herb; course of liver enzymes after cessation;
risk factors such as alcohol, age and pregnancy; come-
dication with other drugs/hetbs; search for alternative
causes, previously known drug/herb hepatotoxicity, and
* based on spe-
cific criteria (Table 4). The individual items are transpat-
ent and facilitate quick and precise answers.

The CIOMS scale is structured and all its items
undergo quantitative rather than qualitative assessment

. All current core ele-

response to unintentional I'CCXPOSLII'C
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and scoring (Tables 1 and 2)EHIOIALBAZ] "Rach item is
weighted with specific scores based on the answer. The
sum of the individual scores gives a final score that
may range from -9 to +14 points, allowing for suffi-
cient discrimination. The final score provides causality
levels for the individual synthetic drug or herb as highly
probable, probable, possible, unlikely or excluded (Ta-
bles 1 and 2)!"**%"%,

Hepatotoxicity definition

The international CIOMS expert panel defined liver
injury in its consensus report as increased alanine ami-
notransferase (ALT) and/or alkaline phosphatase (ALP)
activities of at least 2N, with N as the upper limit of
normal®. Conversely, the consensus of the international
DILI Expert Working Group with participants from Eu-
rope, the United States and Japan raised the ALT cut off
point to 5N or 3N if total bilirubin values exceeded 2N
and considered the 2N of ALP as an appropriate defi-
nition criterion!”. Whereas the DILI Expert Working
Group recommendations were based on expert opinion
alone"”, those of the CIOMS expert panel were derived
from both expert opinion and assessment of reference
reexposure DILI cases™.

Raising the ALT cut off to 5N increases the specific-
ity of the hepatotoxicity causality assessment™, elimi-
nates false positive cases and substantiates hepatotoxicity
causality at a higher level of probability[16’24]. The lower
threshold of ALT > 2N will include multiple cases
with nonspecific enzyme increases and requires more
stringent exclusion of causes unrelated to drug(s) and
herb(s)®. Also for low threshold N values, the inclu-
sion rate of alternative diagnoses must be higher; false
positive fulfilment of a hepatotoxicity definition results
in high numbers of misattributed cases due to overdiag-
nosing and overreporring[s’]2’17’24’34’4&. This phenomenon
is illustrated in a recent HILI study where initial ALT
values were available in only 8/22 cases (36%), includ-
ing 3 cases with a range of 50-69 U/L serum activitym
None withstanding, regulatory assessment attributed
a possible causality for the incriminated herb to all 22
cases™™. In other spontaneous case collections, initial
ALT values were available in 5/24 cases (21%)", 19/22
cases (86%)P", 12/15 cases (80%)"", and 7/13 cases
(549%™, The corresponding figures for ALT in pub-
lished case reports of HILI were 16/16 cases (100%)",
21/21 cases (100%)", and 5/8 cases (63%)". ALT val-
ues were included in DILI reports for amoxicillin/clavu-
lanic acid, troglitazone, pioglitazone and montelukast in
11% to 88% of the cases, which were not further scored
for causality by the Drug Induced Liver Injury Network
(DILIN), ALT underreporting is therefore an issue for
both DILI and HILI.

Other arguments merit further considerations. An
ALT cut off point of 5N may not be applicable to some
types of chronic liver injury like methotrexate liver
fibrosis or nodular regenerative hyperplasia; misinter-
pretation is also possible in some forms of acute liver
injury by mitochondrial toxicity in cases of valproate or
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Table 1 Council for International Organizations of Medical Sciences scale for the hepatocellular type of injury and cholestatic or

mixed type of injury in drug induced liver injury and herb induced liver injury cases

Items for hepatocellular injury Score Result

1 Time to onset from the beginning of the drug/herb

5-90 d (rechallenge: 1-15 d) 2 -

<5 or>90d (rechallenge: > 15 d) 1 -
Alternative: Time to onset from cessation of the drug/herb

< 15 d (except for slowly metabolized chemicals: > 15 d) 1 -

2 Course of ALT after cessation of the drug/herb
Percentage difference between ALT peak and N

Decrease = 50 % within 8 d 3 -
Decrease = 50 % within 30 d 2 -
No information or continued drug/herb use 0 =
Decrease = 50 % after the 30" day 0 -
Decrease < 50 % after the 30" day or recurrent increase -2 -
3 Risk factors
Alcohol use (drinks/d: > 2 for women, > 3 for men) 1 -
Alcohol use (drinks/d: < 2 for women, < 3 for men) 0 =
Age =55 yr 1 -
Age <55 yr 0 -
4 Concomitant drug(s) or herbs(s)
None or no information 0 -
Concomitant drug or herb with incompatible time to onset 0 -
Concomitant drug or herb with compatible or suggestive time to onset -1 -
Concomitant drug or herb known as hepatotoxin and with compatible or suggestive time to onset -2 -
Concomitant drug or herb with evidence for its role in this case (positive rechallenge or validated test) -3 -
5 Search for non drug/herb causes Tick if negative -
Group I (6 causes)
Anti-HAV-IgM o -
HBsAg, anti-HBc-IgM, HBV-DNA o -
Anti-HCV, HCV-RNA a -
Hepatobiliary sonography/colour doppler sonography of liver vessels/endosonography/CT/MRC o -
Alcoholism (AST/ALT = 2) =} -
Acute recent hypotension history (particularly if underlying heart disease) o -
Group II (6 causes)
Complications of underlying disease(s) such as sepsis, autoimmune hepatitis, chronic hepatitis B or C, primary biliary o -
cirrhosis or sclerosing cholangitis, genetic liver diseases
Infection suggested by PCR and titer change for CMV (anti-CMV-IgM, anti-CMV-IgG) =} -
EBV (anti-EBV-IgM, anti-EBV-1gG) o -
HEV (anti-HEV-IgM, anti-HEV-IgG) [m} -
HSV (anti-HSV-IgM, anti-HSV-IgG) o -
VZV (anti-VZV-IgM, anti-VZV-IgG) o -
Evaluation of group I and II
All causes-groups I and II - reasonably ruled out 2 =
The 6 causes of group I ruled out i -
5 or 4 causes of group I ruled out 0 -
Less than 4 causes of group I ruled out -2 -
Non drug or herb cause highly probable -3 -
6 Previous information on hepatotoxicity of the drug/herb
Reaction labelled in the product characteristics 2 =
Reaction published but unlabelled 1 -
Reaction unknown 0 -
7 Response to unintentional readministration
Doubling of ALT with the drug/herb alone, provided ALT below 5N before reexposure 3 -
Doubling of ALT with the drug(s) and herb(s) already given at the time of first reaction 1 -
Increase of ALT but less than N in the same conditions as for the first administration -2 -
Other situations 0 -

Total score for patient

[4,14,23,24,

The CIOMS scale is based on the original CIOMS scale® and was adapted from previous modifications “4] The above items specifically refer to the

hepatocellular type of injury rather than to the cholestatic or mixed type (shown in Table 2). Regarding risk factor of alcohol use, 1 drink commonly con-
tains about 10 g ethanol and details were discussed recently[“'“’ﬁ]. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CIOMS: Council for
International Organizations of Medical Sciences; CMV: Cytomegalovirus; CT: Computer tomography; DILI: Drug induced liver injury; EBV: Epstein Barr
virus; HAV: Hepatitis A virus; HBc: Hepatitis B core; HBsAg: Hepatitis B antigen; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HEV: Hepatitis E virus;
HILI: Herb induced liver injury; HSV: Herpes simplex virus; MRC: Magnetic resonance cholangiography; N: Upper limit of the normal range; VZV: Vari-
cella zoster virus. Total score and resulting causality grading: < 0: Excluded; 1-2: Unlikely; 3-5: Possible; 6-8: Probable; = 9: Highly probable.

[14,44,45]

and other pathologies for AST

fialuridine hepatotoxicitym. Aspartate aminotransferase are unavailable
(AST) activities may be used instead if ALT activities increases are excluded™. ALP increases should be paral-
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Table 2 Council for International Organizations of Medical Sciences scale for the cholestatic or mixed type of injury and cholestatic

or mixed type of injury in drug induced liver injury and herb induced liver injury cases

Items for cholestatic or mixed injury Score Result
1 Time to onset from the beginning of the drug/herb

5-90 d (rechallenge: 1-90 d) 2 -

<5 or > 90 d (rechallenge: > 90 d) 1 -
Alternative: Time to onset from cessation of the drug/herb

< 30 d (except for slowly metabolized chemicals: > 30 d) 1 =

2 Course of ALP after cessation of the drug/herb
Percentage difference between ALP peak and N
Decrease = 50 % within 180 d 2 =

Decrease < 50 % within 180 d 1 -
No information, persistence, increase, or continued drug/herb use 0 -
3 Risk factors
Alcohol use (drinks/d: > 2 for women, > 3 for men) or pregnancy 1 -
Alcohol use (drinks/d: < 2 for women, < 3 for men) 0 -
Age = 55 yr 1 =
Age <55 yr 0 -
4 Concomitant drug(s) or herbs(s)
None or no information 0 -
Concomitant drug or herb with incompatible time to onset 0 =
Concomitant drug or herb with compatible or suggestive time to onset -1 -
Concomitant drug or herb known as hepatotoxin and with compatible or suggestive time to onset -2 -
Concomitant drug or herb with evidence for its role in this case (positive rechallenge or validated test) -3 -

5 Search for non drug/herb causes
Group I (6 causes)
Anti-HAV-IgM
HBsAg, anti-HBc-IgM, HBV-DNA
Anti-HCV, HCV-RNA
Hepatobiliary sonography/colour doppler sonography of liver vessels/endosonography/CT/MRC
Alcoholism (AST/ALT = 2)
Acute recent hypotension history (particularly if underlying heart disease)
Group II (6 causes)
Complications of underlying disease(s) such as sepsis, autoimmune hepatitis, chronic hepatitis B or C, primary biliary

Tick if negative -

0o 0 oo o o

a
1

cirrhosis or sclerosing cholangitis, genetic liver diseases
Infection suggested by PCR and titer change for CMV (anti-CMV-IgM, anti-CMV-IgG)
EBV (anti-EBV-IgM, anti-EBV-IgG)
HEV (anti-HEV-IgM, anti-HEV-IgG)
HSV (anti-HSV-IgM, anti-HSV-IgG)
VZV (anti-VZV-IgM, anti-VZV-IgG)
Evaluation of group I and I
All causes-groups I and II - reasonably ruled out 2
The 6 causes of group I ruled out 1 -
5 or 4 causes of group I ruled out 0
Less than 4 causes of group I ruled out -2 -
Non drug or herb cause highly probable -3 -
6 Previous information on hepatotoxicity of the drug/herb
Reaction labelled in the product characteristics 2 -
Reaction published but unlabelled
Reaction unknown -
7 Response to unintentional readministration
Doubling of ALP with the drug/herb alone, provided ALP below 5N before reexposure
Doubling of ALP with the drug(s) and herb(s) already given at the time of first reaction 1 -
Increase of ALP but less than N in the same conditions as for the first administration
Other situations 0 -
Total score for patient

0O o oo g
'

o =
'

The CIOMS scale presented in this table is designed specifically for the cholestatic or mixed type of liver injury rather than for the hepatocellular type,
which differs in a few items and is presented separately in Table 1. Additional details and abbreviations are provided in the legend of Table 1. Abbrevia-
tion: ALP, Alkaline phosphatase. Total score with resulting causality grading: < 0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; = 9, highly probable.

[1,14]

leled by y-glutamyltranspeptidase (yGT) to rule out iso-
lated increases of ALP activities due to bone rather than

Gilbert’s syndrome

hepatobiliary disease. However, yGT alone is not an ap-
propriate parameter for liver cell injury"*, contrary to
published claims™. Tn addition, isolated hyperbilirubine-
mia is not DILI or HILI specific and may be caused by

(49
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Liver injury pattern

The CIOMS scale takes into account divergent labora-
tory constellations of the liver injury pattern in the he-
patocellular and the cholestatic type of liver injury and
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Table 3 Data checklist for drug induced liver injury and herb induced liver injury diagnosis assessment

Items to be assessed Information obtained Individual result
Yes No Partial

Brand name with batch number and expiration date u} =} u} -
Indication of drug/herb use o o =} -
Begin of symptoms leading to drug/herb treatment ] o =} -
Daily dose ] o =} -
Application form of drug/herb product ] o =} -
Exact date of drug/herb start o o =} -
Exact date of drug/herb end o o =} -
Exact dates of emerging new symptoms after drug/herb start in chronological order ] o =} -
Exact date of initially increased liver values ] o =} -
Time frame of challenge ] o =} -
Time frame of latency period ] o =} -
Time frame of dechallenge ] =} =} -
Verification of temporal association ] =} =} -
Exclusion of temporal association o =} o -
Gender, age, body weight, height, BMI o 8] o -
Ethnicity, profession o 8] o -
Preexisting general diseases with past medical history and actual assessment o o u} -
Preexisting liver diseases with past medical history and actual assessment regarding o =} u} -
Risk factors such as age and alcohol o =} u} -
Alcohol use with quantification ] o =} -
Comedication by synthetic drugs, herbal drugs, herbal and other dietary supplements with all details of product, o =} o -
daily dose, exact dates of start and end of use, indication

ALT value initially including exact date and normal range o [m} u} -
ALT values during dechallenge at least on days 8 and 30, and later on, with exact dates o [m} u} -
ALT values during dechallenge to exclude a second peak, with exact dates o o o -
ALT normalization with exact date and actual value o [m} u}

ALP value initially including exact date and normal range ] o u} -
ALP values during dechallenge at least on days 8 and 30, and later on, with exact dates ] o u} -
ALP values during dechallenge to exclude a second peak, with exact dates ] o u} -
ALP normalization with exact date and actual value o [m} u} =
AST value initially including normal range o =} u} -
Laboratory criteria for hepatotoxicity u} =} u} -
Laboratory criteria for injury pattern o =} u} -
Liver and biliary tract imaging including hepatobiliary sonography, CT, MRT, MRC o =} u} -
Color Doppler sonography of liver vessels ] o =} -
Unintended reexposure ] o =} -
Known hepatotoxicity caused by the drug/herb o o =} -
Other possible causes, consideration and exclusion o 8] o -
Hepatitis A - Anti-HAV-IgM ] =} u} -
Hepatitis B - HBsAg, anti-HBc-IgM, HBV-DNA ] =} u} -
Hepatitis C - Anti-HCV, HCV-RNA u} o u} -
Hepatitis E - Anti-HEV-IgM, anti-HEV-IgG, HEV-RNA ] =} u} -
Cytomegalovirus (CMV) - CMV-PCR, titer change for anti-CMV-IgM and anti-CMV-IgG ] =} =} -
Epstein Barr virus (EBV) - EBV-PCR, titer change for anti-EBV-IgM and anti-EBV-IgG ] =} =} -
Herpes simplex virus (HSV) - HSV-PCR, titer change for anti-HSV-IgM and anti-HSV-IgG o =} o -
Varicella zoster virus (VZV) - VZV-PCR, titer change for anti-VZV-IgM and anti-VZV-IgG o =} o -
Other virus infections - specific serology of Adenovirus, coxsackie-B-Virus, echovirus, measles virus, rubella o 8] o -
virus, flavivirus, arenavirus, filovirus, parvovirus, HIV, and others

Other infectious diseases - specific assessment of bacteria (such as campylobacter, coxiella, leptospirosis, listeria, o o o -
salmonella, treponema pallidum), fungi, parasites, worms, tropical diseases, and others

Autoimmune hepatitis (ATH) type I - Gamma globulins, ANA, SMA, AAA, SLA/LP ] o =} -
Autoimmune hepatitis (AIH) type I - Gamma globulins, anti-LKM-1 (CYP 2D6), anti-LKM-2 (CYP 2C9), anti- o -
LKM-3

Primary biliary cirrhosis (PBC) - AMA, anti PDH-E2 o =} o -
Primary sclerosing cholangitis (PSC) - p-ANCA, MRC o =} o -
Autoimmune cholangitis (AIC) - ANA, SMA ] o =} -
Overlap syndromes - see AIH, PBC, PSC, and AIC o o o -
Non alcoholic steatohepatitis (NASH) - BMI, insulin resistance, hepatomegaly, echogenicity of the liver o o =} -
Alcoholic liver disease (ALD) - patient’s history, clinical and laboratory assessment, sonography o o =} -
Drug/herb induced liver injury - patient’s history, clinical and laboratory assessment, sonography, use of the o o =} -
CIOMS scale

Toxin Screening - cocaine, ecstasy and other amphetamines [m} =
Rare intoxications - toxin screening for household and occupational toxins o [m} u} =
Hereditary hemochromatosis - serum ferritin, total iron-binding capacity, genotyping for C2824 and H63D muta- o o u} -

tion, hepatic iron content
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Wilson's disease - copper excretion (24 h urine), ceruloplasmin in serum, free copper in serum, coombs-negative 0 o =} -
hemolytic anemia, hepatic copper content, Kayser-Fleischer-Ring, neurologic-psychiatric work-up, genotyping

Porphyria - corphobilinogen in urine, total porphyrines in urine ] o u} -
al - antitrypsin deficiency - al- Antitrypsin in serum ] o u} -
Biliary diseases - clinical and laboratory assessment, hepatobiliary sonography, endosonography, CT, MRT, MRC o o u} -
Pancreatic diseases - clinical and laboratory assessment, sonography, CT, MRT o o u} -
Celiac disease - TTG antibodies, endomysium antibodies, duodenal biopsy o o u} -
Anorexia nervosa - clinical context o =} u} -
Parenteral nutrition - clinical context u} =} u} -
Cardiopulmonary diseases with shock liver (cardiac hepatopathy, ischemic hepatitis) - cardiopulmonary assess- o =} u} -
ment of congestive heart disease, myocardial infarction, cardiomyopathy, cardiac valvular dysfunction, pulmo-

nary embolism, pericardial diseases, arrhythmia, hemorrhagic shock, and various other conditions

Addison’s disease - plasma cortisol o o o -
Thyroid diseases - TSH basal, T4, T3 o o o -
Grand mal seizures - clinical context of epileptic seizure (duration > 30 min) o o o -
Heat stroke - shock, hyperthermia o o =} -
Polytrauma - shock, liver injury o =} o -
Systemic diseases - specific assessment of M. Boeck, amyloidosis, lymphoma, other malignant tumors, sepsis, and o 8] o -
others

Graft vs host disease - clinical context o [m} u} -
Other diseases - clinical context o o o -

This checklist is far from complete and considered as a reminder for the physician. Some listed liver diseases like AIH require a liver biopsy to establish the
diagnosis. Few elements are not directed to causality assessment but are important for overall case evaluation. AAA: Anti-actin antibodies; AMA: Antimi-
tochondrial antibodies; ANA: Antinuclear antibodies; BMI: Body mass index; CT: Computed tomography; CYP: Cytochrome P450; HAV: Hepatitis A virus;
HBc: Hepatitis B core; HBsAg: Hepatitis B antigen; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HEV: Hepatitis E virus; HILI: Herb induced liver injury;
HIV: Human immunodeficiency virus; LKM: Liver kidney microsomes; LP: Liver-pancreas antigen; MRC: Magnetic resonance cholangiography; MRT:
Magnetic resonance tomography; p-ANCA: Perinuclear antineutrophil cytoplasmatic antibodies; PDH: Pyruvate dehydrogenase; PCR: Polymerase chain
reaction; SLA: Soluble liver antigen; SMA: Smooth muscle antibodies; TSH: Thyroid stimulating hormone; TTG: Tissue transglutaminase.

vary during the later course of the liver injury indepen-

Table 4 Conditions of unintentional reexposure tests in drug

induced liver injury and herb induced liver injury cases dent from the initial attribution of damage type.
Reexposure test result Hepatocellular type  Cholestatic or mixed Time to onset from the beginning of the drug/herb
of liver injury type of liver injury

Clear challenge criteria are defined with a time frame

ALTb ALTr ALPb ALPr LT
between beginning of the drug/herb use as the first day
- = > . . .
Positive <N 2ALTD — <5N ZALPD of intake and the onset of increased liver enzymes or
Negative <5N <2ALTb <5N <2ALPb ) . . .
A >5N  =2ALTb  =5N = 2ALPb symptoms at the time of ongoing use, with a high score
Negative >5N  <2ALTb ~ >5N  <2ALPb for 5-90 d and a lower one for < 5 d or > 90 d (Tables
Negative = 5N NA = 5N NA 1 and 2). If drug/herb use has been terminated prior to
Uninterpretable <N NA <N NA the onset of challenge critetia, then this specific condi-
Uninterpretable NA NA NA NA . . : R
tion must be considered and scored exclusively. Scoring
Conditions and criteria for an unintentional reexposure test are described is only POSSible when the onset occurs within 15 d after
in previous reports™**"****¥! Accordingly, required data for the hepa- cessation for the hepatocellular injury (Table 1) or 30 d
tocellular type of liver injury are the ALT levels just before reexposure, for the cholestatic or mixed type (Table 2) a longer in-
5

i line ALT or A he ALT level: i .
designed as baseline ALT or ALTb, and the ALT levels during reexposure, terval cornrnonly excludes causahty (Tables 1 and 2) An

exemption is provided for slowly metabolized chemicals
[44,45]

designed as ALTr. Response to reexposure is positive, if both criteria are
met: first, ALTb is below 5N with N as the upper limit of the normal value,

and second ALTr = 2ALTb. Other variations lead to negative or uninter- like ﬂmiOdmeﬂe, leflunomide and clavulanate ; NO
pretable results. For the cholestatic or mixed type of liver injury, corre- definitive time frame can be provided in these cases due
sponding values of ALP are to be used rather than of ALT. ALP: Alkaline to Varying half lives. The time frame of challenge and

hosphatase; ALT: Alani inotransferase; NA: Not available. . . . Lo
phosphatase anine aminotansierase ot avatanie latency period were neither specified nor individually

scored by other causality assessment methods™*, includ-
therefore provides two different subscales™™** for the ing the DILIN method™".
hepatocellular type of injury (Table 1) and for the chole-

static or mixed type (Table 2). These types are differenti- Course of liver enzymes after cessation of the drug/herb
ated by the ratio R, calculated as the ALT/ALP activity Precise dechallenge criteria are cornerstones of the CI-
measured at the time liver injury is suspected, with both OMS scale and facilitate causality assessment (Tables 1
activities expressed as multiples of N*"*Y. Injury is he- and 2). In analogy to the periods mentioned, the physi-
patocellular, if only ALT > 2N, alternatively if R = 5; cian can easily determine relevant future time points
cholestatic injury is assumed, if only ALP > 2N or R < for repeated liver enzyme tests. When dechallenge data
2; mixed damage is prevalent, if ALT > 2N and ALP is are missing in retrospective analyses, the CIOMS scale
increased, with R > 2 and R < 5”1, Of note, R may considers this and provides 0, but not negative points, so
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Table 5 Frequency of risk factors of alcohol and age among herb induced liver injury patients

HILI study cohort

Total study cases (7) Cases scored with risk factors (17)

Total cases scored with risk factors Cases with references

Alcohol  Age  Alcohol + Age (%)
Kava 26 0 6 1 7 (26.9) Cases 2, 4,10, 17, 20, 24, 26"
Kava 5 0 3 0 3 (60.0) Cases 1-31
Ayurvedic herbs 1 0 1 0 1 (100.0) Case 1™
Black cohosh 2 1 0 3 (75.0) Cases 2, 3, 4"
Black cohosh 9 1 1 0 2(22.2) Cases 4, 9"
Black cohosh 22 4 2 0 6 (27.3) Cases 2, 8,10, 16,17, 21°
Greater Celandine 22 1 9 0 10 (45.5) Cases 3, 5, 8, 11, 14-18, 21"
Greater Celandine 21 0 7 0 7 (33.5) Cases 4,9, 11, 16-18, 20°”
Pelargonium sidoides 15 0 3 0 3 (20.0) Cases 1,7, 14"
Pelargonium sidoides 13 0 7 0 7 (53.9) Cases 2,3,5,8,9,11, 13"
Herbalife 8 0 3 0 3 (37.5) Cases 1, 2, 4%
Total 146 8 43 1 52 (35.6)

The study cohort consisted of 146 herb induced liver injury patients patients assessed for the frequency of the risk factors alcohol and age = 55 years. In

52/146 cases (35.6%), risk factors were evident.

that the overall score may still present a probable causal-
ity level. Of note, the dechallenge time frame was not
specifically considered or scored by the DILIN meth-
od™ or by virtually any of the other methods™*".

Risk factors

The consensus report of the international CIOMS ex-
pert panel considered alcohol and age = 55 years as risk
factors each scoring +1 point (Tables 1 and 2)*", as sug-
gested by DILI cases with positive reexposure”™, The
international DILI Expert Working Group specified al-
cohol intake of > 2 drinks per day (> 14 units/week) in
women and > 3 drinks per day (21 units/week) in men
as the lower threshold for alcohol intake as a risk factor
(Tables 1 and 2)"™". This limit is in line with the recom-
mendations of NIH LiverTox equalling 1 drink to 10 g
ethanol™*,

The impact of including alcohol as a risk factor on
the overall CIOMS scoring was negligible as only 9/146
patients (6%) of a HILI study cohort were allotted an
alcohol related scoring point (Table 5)!"**2%4% 14
these 9 patients, CIOMS causality grading was changed
in only one case (patient 16) and unchanged in the other
8 cases (patients 2, 13, 14, 17, 20, 21, 22, 32) (Table 06).
In the single case (patient 106), alcohol as risk factor
raised the overall CIOMS scoring from 0 to +01 point,
Z.e., from excluded to unlikely causality (Table 6). There-
fore, alcohol per se as risk factor upgrades the CIOMS
causality level in virtually none of the cases in this study
cohort.

Age = 55 years was as a risk factor in 44/146 cases
(30%) of the analyzed HILI study cohort (Table 5)!"****
WAH 1 35/44 patients, the overall CIOMS causality
grading remained unchanged whether or not age as a risk
factor was included in the CIOMS scale scoring (Table
6). Deletion of age as a risk factor reduced the overall
CIOMS grading by one causality level in 9/44 patients, Ze.,
from unlikely to excluded in 5 cases (patients 1, 3, 15, 42,
43), from highly probable to probable in 1 case (patient
23), and from probable to possible in 3 cases (patients 9,
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25, 34). Therefore, within this cohort the risk factor age
upgraded the causality levels only marginally, which ap-
pears to have no clinical relevance. Overall, age as a risk
factor has a limited impact on the final causality gradings
by the CIOMS scale.

Risk factors are not considered and/or not scored
by various other methods™******" including the DILIN
method™". Conversely, the international DILI Expert
Group also accepts the risk factors defined in the CI-
OMS scale, with modified specifications and limitations,
if risk factors for hepatotoxicity are present in addition
to those listed in the CIOMS algorithrnm.

Concomitant drug(s) and herbs(s)

Concomitant drugs and herbs are individually assessed
for temporal association and hepatotoxic potency (Tables
1 and 2). For reasons of comparison and transpatrency,
each comedicated drug or herb requires a separate analy-
sis by the complete CIOMS scale. This is feasible and
casily tabulated (Table 7)*""**\. In patients with multiple
drug or herb intakes, causality should be attributed pri-
marily to the product with the highest score.

Search for non drug/herb causes
In this section, the CIOMS scale considers the clinically
most relevant alternative causes (Tables 1 and 2). There
is no difference in alternative causes made between the
two types of liver injury, avoiding the need of subsequent
reassessment, if the laboratory based typology changes
during the clinical course!. Complications of underlying
disease(s) are exemplified, such as sepsis, autoimmune
hepatitis, chronic hepatitis B or C, primary biliary cit-
rhosis and sclerosing cholangitis and genetic liver diseases
(Tables 1 and 2), in accordance with recent suggestions'*.,
Other rare alternative causes are included in a checklist
of differential diagnoses as a reminder for the clinician in
case of unclear clinical diagnosis (Table 3)™.

To improve its performance when used as an inves-
tigational tool, criteria for competing liver injury causes
have been proposed for the CIOMS scale!! #4200
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Table 6 Changes of the Council for International Organizations of Medical Sciences gradings with considering the risk factors

HILI study Scored risk CIOMS assessment with RF CIOMS assessment without RF Grading change Cases with references
Alcohol  Age Score/grading Score/grading

Kava 0 + +1/Unlikely 0/Excluded ! Case 2™
Kava + + -1/Excluded -3/Excluded 0 Case 4™
Kava 0 + +1/Unlikely 0/Excluded ! Case 10"
Kava 0 + -1/Excluded -2/Excluded 0 Case 171"
Kava 0 + +8/Probable +7/Probable 0 Case 20"
Kava 0 + -1/Excluded -2/Excluded 0 Case 24"
Kava 0 + -1/Excluded -2/Excluded 0 Case 26"
Kava 0 + +5/Possible +4 /Possible 0 Case 1"
Kava 0 + +6/Probable +5/Possible l Case 21!
Kava 0 + +8/Probable +7/Probable 0 Case 3"
Ayurvedic herbs 0 + +8/Probable +7/Probable 0 Case 1°
Black cohosh 0 + -2/Excluded -3/Excluded 0 Case 17
Black cohosh + 0 -2/Excluded -3/Excluded 0 Case 2/
Black cohosh + 0 -3/Excluded -4/Excluded 0 Case 3"
Black cohosh 0 + +1/Unlikely 0/Excluded l Cases 4*
Black cohosh + 0 +1/Unlikely 0/Excluded l Case 9"
Black cohosh + 0 -1/Excluded 2/Excluded 0 Case 2
Black cohosh 0 + -1/Excluded -2/Excluded 0 Case 8
Black cohosh 0 + -1/Excluded -2/Excluded 0 Case 10
Black cohosh + 0 0/Excluded -1/Excluded 0 Case 16"
Black cohosh + 0 0/Excluded -1/Excluded 0 Case 17"
Black cohosh + 0 -2/Excluded -3/Excluded 0 Case 217
Greater Celandine 0 + +9/Highly probable +8/Probable ! Case 2
Greater Celandine 0 + +10/Highly probable +9/Highly probable 0 Case 5
Greater Celandine 0 + +6/Probable +5/Possible ! Case 8
Greater Celandine 0 + +5/Possible +4/Possible 0 Case 11"
Greater Celandine 0 + +8/Probable +7/Probable 0 Case 14"
Greater Celandine 0 + +5/Possible +4/Possible 0 Case 15
Greater Celandine 0 + -1/Excluded -2/Excluded 0 Case 16"
Greater Celandine 0 + +8/Probable +7/Probable 0 Case 17
Greater Celandine 0 + 0/Excluded -1/Excluded 0 Case 18"
Greater Celandine + 0 +4/Possible +3/Possible 0 Case 21%7)
Greater Celandine 0 + +5/Possible +4/Possible 0 Case 4™
Greater Celandine 0 + +6/Probable +5/Possible ! Case 9™
Greater Celandine 0 + +3/Possible +2/Possible 0 Case 11
Greater Celandine 0 + +7/Probable +6/Probable 0 Case 16
Greater Celandine 0 + +7/Probable +6/Probable 0 Case 17
Greater Celandine 0 + +5/Possible +4/Possible 0 Case 18"
Greater Celandine 0 + +7/Probable +6/Probable 0 Case 20"
Pelargonium sidoides 0 + 0/Excluded -1/Excluded 0 Case 1%
Pelargonium sidoides 0 + +2/Unlikely +1/Unlikely 0 Case 7%
Pelargonium sidoides 0 + +1/Unlikely 0/Excluded ! Case 14"
Pelargonium sidoides 0 + +1/Unlikely 0/Excluded ! Case 2
Pelargonium sidoides 0 + +4 /Possible +3/Possible 0 Case 3
Pelargonium sidoides 0 + 0/Excluded -1/Excluded 0 Case 5
Pelargonium sidoides 0 + 0/Excluded -1/Excluded 0 Case 8
Pelargonium sidoides 0 4 +2/Unlikely +1/ Unlikely 0 Case 9"
Pelargonium sidoides 0 4 +2/Unlikely +1/ Unlikely 0 Case 11°”)
Pelargonium sidoides 0 + 0/Excluded -1/Excluded 0 Case 13"
Herbalife 0 + +7/Probable +6/Probable 0 Case 1°
Herbalife 0 + +2/Unlikely +1/Unlikely 0 Case 2%
Herbalife 0 + +2/Unlikely +1/Unlikely 0 Case 4

Based on details described in Table 5, in all 52 patients with evident risks factors of alcohol, age = 55 years, or both, scores and Council for International

Organizations of Medical Sciences (CIOMS) gradings with risk factors were compared with conditions without risk factor consideration. In 9 patients, there
was a CIOMS downgrading when risk factors would not have been considered. RF: Risk factor.

and were included in the updated CIOMS scale (Tables
1 and 2)™. This update ensures correct diagnosis of
alternative causes but was limited to details of hepatitis
serology and hepatobiliary sonography, as specified by
the current knowledge in the field and adapted to ac-
tual diagnostic methods™*. The update of the original
CIOMS scale substantially improved specificity, Ze.,
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exclusion of alternative causes by hepatitis serology.
HBsAg and HBV-DNA quantification were added to
distinguish HBV infection from immunization, as was
hepatitis C virus (HCV)-RNA to correctly assess HCV
infections. Also, clinical and/or biological parameters
for cytomegalovirus (CMV), Epstein Barr virus (EBV)
or herpes simplex virus (HSV) infection were vague or
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Table 7 Council for International Organizations of Medical Sciences scale as an example with items required for causality assessment

in a patient with herb induced liver injury by four different Indian Ayurvedic herbs

Items for hepatocellular injury Possible score Psoralea Acacia Eclipta Vetivexia
corylifolia catechu alba zizaniodis
1 Time to onset from the beginning of the herb 5-90 d (rechallenge: 1-15 d) 2
<5or>90d (rechallenge: >15d ) 1 1 1 1 1
Alternative: Time to onset from cessation of the herb
< 15 d (except for slowly metabolized herbal chemicals: > 15 d) 1

2 Course of ALT after cessation of the herb
Percentage difference between ALT peak and N

Decrease = 50% within 8 d

Decrease = 50% within 30 d

No information or continued herbal use

Decrease = 50% after the 30" day

Decrease < 50% after the 30" day or recurrent increase -
3 Risk factors

Alcohol use (drinks/d: > 2 for women, > 3 for men)

o O N W

N

Alcohol use (drinks/d: < 2 for women, < 3 for men)
Age = 55 yr
Age <55 yr

4 Concomitant herbs(s) and drug(s)

o R o =
o
)
S
)

(=}

None or no information
Concomitant herb or drug with incompatible time to onset 0
Concomitant herb or drug with compatible or suggestive time to onset -1 -1
Concomitant herb or drug known as hepatotoxin and with compatible or -2 2 -2 2
suggestive time to onset
Concomitant herb or drug with evidence for its role in this case (positive -3
rechallenge or validated test)
5 Search for non herb causes
Group [ (6 causes)
Anti-HAV-IgM - - - -
HBsAg, anti-HBc-IgM, HBV-DNA - - - -
Anti-HCV, HCV-RNA - - - -
Hepatobiliary sonography/colour Doppler sonography of liver vessels/ - - - -
endosonography/CT/MRC
Alcoholism (AST/ ALT = 2) - - - -
Acute recent hypotension history (particularly if underlying heart disease) - - - -
Group II (6 causes)
Complications of underlying disease(s) such as sepsis, autoimmune - - - -
hepatitis, chronic hepatitis B or C, primary biliary cirrhosis or sclerosing
cholangitis, genetic liver diseases
Infection suggested by PCR and titre change for - - - -
CMV (anti-CMV-IgM, anti-CMV-IgG) - - - -
EBV (anti-EBV-IgM, anti-EBV-IgG) - - - -
HEV (anti-HEV-IgM, anti-HEV-IgG) - - - -
HSV (anti-HSV-IgM, anti-HSV-IgG) - - - -
VZV (anti-VZV-IgM, anti-VZV-IgG) - - - -
Evaluation of group I and 1II
All causes-groups | and II - reasonably ruled out 2 2 2 2 2

-

The 6 causes of group I ruled out
5 or 4 causes of group I ruled out 0
Less than 4 causes of group [ ruled out -2
Non herb cause highly probable -3
6 Previous information on hepatotoxicity of the herb
Reaction labelled in the product characteristics
Reaction published but unlabelled 1 1
Reaction unknown 0 0 0 0
7 Response to unintentional readministration
Doubling of ALT with the herb alone, provided ALT below 5N before reexposure
Doubling of ALT with the herb(s) and drug(s) already given at the time of 1
first reaction
Increase of ALT but less than N in the same conditions as for the first 2
administration
Other situations 0
Total score for each individual herb used by the patient 7 5 5 5

The data of the patient with severe hepatotoxicity by four different Indian Ayurvedic herbs are derived from a published report™”, using the CIOMS scale
for the hepatocellular type of liver injury (Table 1). The symbol of - signifies that this particular item has been evaluated and no abnormality was found. For
the four herbs, the total score was either +7 (probable causality) or +5 (possible causality). Abbreviations see legend to Table 1.
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unknown at the time of Compilation[zﬂ but specified in
the updated CIOMS scale; also included and specified
were infections by hepatitis E virus (HEV) and varicella
zoster virus (VZV) (Tables 1 and 2)Y, Specific diagnos-
tic criteria include polymerase chain reaction detection
and titer changes of the respective antibodies (IgM,
IgG) for CMV, EBV, HEV, HSV and VZV infections.
Hepatobiliary sonography was supplemented by color
Doppler sonography, including assessments of the
liver vessels, endosonography, computed tomography
(CT) and magnetic resonance cholangiography (MRC),
if these tests were indicated clinically (Tables 1 and 2).
For comparison and method validation, causality has
been evaluated in 101 hepatotoxicity cases by both the
original and updated CIOMS scales, with identical cau-
sality results published in 6 studies”* . Therefore,
the updated CIOMS scale was validated and there is no
need for further validation of the updated CIOMS scale
versus the original CIOMS scale.

Previous information on hepatotoxicity of the drug/herb
Hepatotoxicity listed in the product information sheet
must be checked; in addition, a quick literature search in
PubMed will be sufficient to determine whether the ob-
served reaction has been published before. Appropriate
information may also be obtained from the NIH Liver-

Tox database!™*,

Response to unintentional readministration

To classify an unintentional reexposure test as positive,
few criteria are required (Tables 1 and 2), as specified
(Table 4)"#**%1 " Although reexposure is an important
domain, probable causality gradings with the CIOMS scale

are achievable even in the absence of a reexposure (Table
7)[12,17,30-32,37]

Scoring system

Hach item of the CIOMS scale receives an individual
scote and the sum of the individual scores provides
the final score for the patient (Tables 1 and 2). With
+14 down to -9 points, there is a wide range of the fi-
nal scores, leading to the following causality levels: < 0
points, excluded causality; 1-2, unlikely; 3-5, possible; 6-8,
probable; and = 9, highly probable (Tables 1 and 2)*".

Sensitivity, specificity and predictive value

Cases with positive reexposure tests were proposed for
validation of the CIOMS scale and used as gold stan-
dard™. Articles from two databanks were compiled with
liver injury confirmed by a positive rechallenge. The
mandatory information for inclusion in this series con-
tained the type of liver injury, time interval between ad-
ministration of the drug and occurrence of the reaction,
and results of the positive response to readministration
of the drug, in accordance with the conclusions of the
International Consensus Meeting on drug induced liver
injuries. For the final validation, 49 cases and 28 controls
were assessed, as described in detail. Most importantly,
the discriminative power of the score was quantified
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in terms of sensitivity, specificity and predictive values.
The cut off point was offset to maximize the combined
sensitivity and specificity. Using +5 points as the cut off,
sensitivity was 86%, specificity 89%, positive predictive
value 93%, and negative predictive value 78% for the
CIOMS causality assessment. In another study with 81
cases and 46 controls, sensitivity was 78% and specificity
100% for the CIOMS scale®", confirming the validation
of the CIOMS scale.

The interrater reliability of CIOMS assessment was
good by one grouplsz] but mediocre by the DILIN
group™. In the latter report, however, 40 cases going
back to 1994 were studied. Uncertainties arose from nu-
merous missing, incomplete or outdated medical reports
and charts, especially for older cases. In particular, there
were high rates (28%) of preexisting liver diseases like
chronic hepatitis C virus infection, hemochromatosis and
unspecified cirrhosis. Liver sonography was reported in
26/40 cases and found abnormal in 15/26 (58%). These
data were nevertheless described as “best-case scenario™".
Considering these limitations and numerous confounding
variables, poor case data quality likely results in mediocre
assessment quality, including low interrater reliability™.
Moreover, problematic data presentation by the principal
assessor to external reviewers may have influenced the
results as the external reviewers received only a subset of
the case report forms and had no access to the original
data of the cases'™. Of interest, no proof has been pro-
vided that an expert group opinion improves the CIOMS
assessment evaluation, at least according to recent com-
ments and studies"". In another study comparing the
CIOMS scale with the DILIN method, there was consid-
erable interobserver variability in both methods™.

Usage frequency

The CIOMS scale for hepatotoxicity assessment in its
original or updated form™>'1#225 20 hag been exten-
sively used in epidemiological studies, clinical trials, case
reports, case series, regulatory analyses and genotyping
studies”. Additional efforts are still needed to reevaluate
causality in most HILI reports for 60 different herbs and
herbal productsm. CIOMS based results were published
by the DILIN group™” and by the European Medi-
cines Agency (EMA)P. Individual studies"™'***] the
NIH LiverTox " the international DILI Expert Work-
ing Group"" the Spanish Group for the Study of Drug-
Induced Liver Disease™, and the Hong Kong Herb-
Induced Liver Injury Network (HK-HILIN)®" provided
further support for the CIOMS scale.

Among various causality assessment methods, the
original and updated CIOMS scales were the preferred
tools in cases of DILI® and HILI (Table 8)", seen for
573 cases from 23 HILI reports evaluating alternative

[12,32,34,36-39,42,43 47 48 54,57-67]
causes .

Transparency

CIOMS based assessments should be reported or pub-
lished as an original data set suitable for subsequent and
independent assessments, rather than as final scores and
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Table 8 Compilation of causality assessment methods used in suspected herb induced liver injury cases

Herbs/Herbal products Ad hoc WHO CIOMS Naranjo DILIN KL Ref.

() () () () () ()
Kava 20 BfArM™
Kava 30 Denham et al®®
Kava 20 Teschke et al'®”!
Kava 36 Stickel et al™!
Kava 80 Schmidt et al®?
Greater Celandine 23 BfArM™®
Black cohosh 31 EMA®
Herbalife products 12 Elinav et al'*"
Herbalife products 12 Schoepfer et al™
Kava 26 Teschke et al™
Black cohosh 30 Mahady et al*?
Green tea 34 Sarma et al™
Black cohosh 4 Teschke et al*”)
Black cohosh 9 Teschke et al*
Kava 31 Teschke™
Hydroxycut 17 Fong et al'*”
Black cohosh 22 Teschke et al™
Greater Celandine 22 Teschke et al™”
Herbalife products 20 Manso e al'”
Various herbs 45 Chau et "™
Greater Celandine 21 Teschke et al™
Pelargonium sidoides 15 Teschke et al™
Pelargonium sidoides 13 Teschke et al™”
Sum (1) 63 134 275 64 17 20
Sum (percent) 11.00% 23.40% 48.00% 11.20% 3.00% 3.40%

The data are derived from a study evaluating alternative causes in suspected HILI cases (1 = 573) comprising the study cohort”. For the 275 CIOMS cases,

causality assessment was performed with the updated CIOMS scale the original CIOMS scale, or both. Ad hoc: ad hoc approach; CIOMS: Council for Inter-

national Organizations of Medical Sciences scale; DILIN: Drug Induced Liver Injury Network method; KL: Karch and Lasagna method; Naranjo: Naranjo

scale; WHO: World Health Organization method.

corresponding causality levels, to improve data transpat-
ency. Scientists, editors and reviewers should strive to
obtain appropriate CIOMS based details for all DILI and
HILI case reports. This can easily be achieved since the
CIOMS scale provides all items in tabulated form for
each individual case (Tables 1, 2 and 7). These forms may
be communicated as a spontaneous report to regulatory
agencies and expert panels or presented for publica-
tion to scientific journals as a case report™™™*! or case
12242 “This tabulation is a good basis for further
regulatory or scientific assessments and discussions. For
regulatory and expert based assessments, there is no need
for other causality assessment algorithms to be used sub-
sequently since CIOMS based data are also amenable to
regulatory and expert panel evaluations.

series

Comparison to precursor scales

The CIOMS scale resulted from intensive expert discus-
sions™!!, integrating medical progress and improving the
initial qualitative RUCAM™ and the qualitative CIOMS
method””. The qualitative RUCAM represented the first
objective attempt to assess causality in drug induced liver
injury and considered some characteristic features of
liver injury, but it had a qualitative rather than a quantita-
tive approach™. As an improved version of the qualita-
tive RUCAM™, the qualitative CIOMS method differ-
entiated the hepatocellular, the cholestatic and the mixed
type of liver injurym]. However, both the qualitative
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RUCAM™ and the qualitative CIOMS method”” were
not quantitative, as opposed to the current quantitative
CIOMS scale™ that is now the preferred tool™.,

Other liver specific methods
The scale of Maria and Victorino (MV)' was developed
to improve upon the CIOMS scale by deleting laboratory
items and adding clinical elements, along with simplify-
ing and changing the relative weight of elements in their
algorithm[23’44’45]. No data are available for specificity,
sensitivity, positive and negative predictive values for the
MV scale®. Compared to the original CIOMS scale®,
the MV scale!™ showed shortcomings and the results are
not equivalent, causing major concern’ =TT o,
This may explain why the MV scale was used in a few
DILI studies’™™™ but not in 38 other publications of
DILI cases™ or in 23 publications of HILI cases”. The
MYV scale is not commonly recommended for assessing
causality in assumed DILI and HILI cases and is cer-
tainly no substitute for the CIOMS scale'™

The TTK scale”™, named for the first three authors
Takikawa, Takamori, Kumagi e# 4™ is a modification
of the CIOMS scale™ with different evaluations of
the chronology, exclusion of comedication, inclusion
of the drug lymphocyte stimulation test (DLST) and
of eosinophilia in their assessment system*". The
TTK scale is widely used in ]apan[m, as recently re-
viewed™. In other countties, this scale is not ot rarely
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). Limited access and lack of
standardization have prevented general clinical use of
the DLST and consequently TTK scale applications
outside Japanmj; this may be due to methodological dif-
ficulties with false positive and false negative cases in the
DLST®". For clinicians, the TTK scale cannot replace
the CIOMS scale™.,

The DILIN method provided by the DILIN group
requires an expert panell ””””” , In contrast
to the CIOMS scale®®?. Consequently, the DILIN
method is of limited availability to physicians in need
of eatly results for therapeutic decisions™. In particu-
lar, the DILIN method is not an appropriate substitute
for the CIOMS scale, nor are other expert panel based
approaches™. This includes the novel Causality Assess-
ment Tool (CAT) specifically designed for herbs and di-
ctary supplements (HDS), which was presented as an ab-
stract' . As opposed to CIOMS based results with trans-
parent data presentation (Table 7). - oy i-
cations based on the DILIN method lack transparency
for individual cases regarding assessed and scored items
since only final causality levels are published without de-
tails and thereby open for discussions, not allowing valid
conclusions™""**""7" “The DILIN method also lacks
data on specificity, sensitivity and predictive values, as an
expert opinion based method no items can be validated.
Individual weighing and scoring of items remain undis-
closed and undiscussed, hampering thorough analysis of
assessment results by the DILIN method.

considered'

Liver unspecific methods
In contrast to the liver specific core elements of the origi-
nal and updated CIOMS scale (Tables 1 and 2) 422 -
. . . e [424,7679,80]
merous causality algorithms are liver unspecific ,
including the Naranjo scale®™ the World Health Organi-
zation (WHO) global introspection method as the WHO
method in short™, and the KI. method of Karg and
Lasagna®”. Particularly intensive discussions focused on
the Naranjo scale™* ¥ the WHO method™***" and
the KL method™?. All these methods are obsolete for
causality assessment of assumed hepatotoxicity as they
lack liver specificity and do not consider hepatotoxicity
characteristics.

WEAKNESSES

Retrospective use

Retrospective analysis of case data is problematic and
may require some assistance evaluating the CIOMS
items"****"; unselected and sometimes undefined, low
quality data have to be adapted into a structured al-
gorithm like the CIOMS scale. Therefore, physicians
should prospectively use the CIOMS scale, which then

may provide complete case data (Table 7).

Dechallenge criteria
Missing ALT dechallenge data ate factored as 0 points
given (Table 1); this condition has been interpreted as a
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limitation of the CIOMS scale"". Retrospective studies
commonly lack dechallenge results™' > which are
included in prospective evaluations (Table 7). CIOMS
performs inaccurately in acute liver failure and liver
transplantation if liver values are not available within
30 d after cessation of the incriminated drug or herb.

Under these circumstances, O but not negative points are
credited due to lacking ALT data (Tables 1 and 2).

Risk factors

The CIOMS scale includes only the risk factors of al-
cohol and age = 55 years”'. Diabetes, metabolic syn-
drome, sex, ethnicity and body mass index", as well as
genetic predispositionm], are also proposed as potential
risk factors; the lack of inclusion in the CIOMS scale

. . . . 1
has been considered as a limitation'

4,29

1. However, these
factors have not been validated as risk factors; their in-
clusion into the CIOMS scale requires evidence as inde-

pendent contributors and a subsequent new validation.

Alternative causes

It may be argued that rare alternative causes were not
listed in the CIOMS scale (Tables 1 and 2) but this
shortcoming was compensated for by the checklist for
numerous rare liver diseases as a reminder for the clini-

cian (Table 3)*".

Previous information on hepatotoxicity of drug/herb
Safety labels are available for both synthetic and herbal
drugs but rarely for other herbal products. This short-
coming of the CIOMS scale may be compensated by a
thorough search for prior publications of hepatotoxicity
by herbal products; published reports provide an even
higher scoring than information obtained only from
safety labels.

CONCLUSION

The major strength of the CIOMS is its potential as a
standard scale for DILI and HILI causality assessment
by attending physicians, regulatory agencies, expert
panels and the scientific community. Other advantages
include its liver specificity and its validation for hepato-
toxicity cases, with excellent sensitivity, specificity and
predictive validity based on results obtained from cases
with a positive reexposure test. This scale will allow the
physician treating patients with suspected DILI and
HILI an early preliminary result of the likelihood, fa-
cilitates timely and prospective collection of all relevant
data required for a subsequent valid causality assessment,
does not require an expert panel, and has the option of
subsequent refinement by regulatory agencies, expert
panels and the scientific community. With the CIOMS
scale, an identical causality assessment algorithm can
used by all evaluating parties, which facilitates the overall
procedure of causality association. Minor weaknesses
of the CIOMS scale include the limited exclusion of
alternative causes and the handling of poor case data in
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retrospectively rather than prospectively assessed cases.
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Abstract

Fatty liver is a growing health problem worldwide. It
might evolve to nonalcoholic steatohepatitis, cirrhosis and
cause hepatocellular carcinoma. This disease, which has
increased because of eating habits, changes in food con-
tent and lifestyle, affects people from childhood. The most
important risk factors are obesity and insulin resistance.
Besides these factors, gender, ethnicity, genetic predis-
position and some medical problems are also important.
Cirrhosis in children is rare but is reported. Nonalcoholic
fatty liver disease (NAFLD) has no specific symptoms or
signs but should be considered in obese children. NAFLD
does not have a proven treatment. Weight loss with fam-
ily based treatments is the most acceptable management.
Exercise and an applicable diet with low glycemic index
and appropriate calorie intake are preferred. Drugs are
promising but not sufficient in children for today.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Insulin resistance; Chronic liver disease

Core tip: Nonalcoholic fatty liver disease (NAFLD) con-
sists of steatosis in liver, steatohepatitis and cirrhosis.
Histological type 2 pattern (macrovesicular steatosis with
portal inflammation and/or fibrosis, generally without evi-
dence of cellular injury or lobular inflammation) is seen
differently in children than in adults. The most important
risk factors are obesity and insulin resistance, as well as
gender, ethnicity, genetic predisposition and some medi-
cal problems. Progression to cirrhosis in children is rare
but possible. NAFLD does not have a proven treatment.
Losing weight and increasing physical activity provide im-
provement in histological and biochemical findings in fatty
liver. Drugs are used in specific situations. More research
is needed for drug therapy.
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INTRODUCTION

Fat is stored as triglyceride (TG) in human liver. Steato-

sis is defined as fat accumulation in hepatocytes and is
[1-3]

seen in many liver diseases

Nonalcoholic fatty liver disease (NAFLD) defines the
spectrum of histological changes in liver in which mac-
rovesicular steatosis is outstandingm. NAFLD includes
simple hepatic steatosis due to obesity and/or insulin
resistance, nonalcoholic steatohepatitis (NASH) and cir-
rhosis. Hepatosteatosis usually limits itself but it may ad-
vance to NASH. NASH differs from simple steatosis by
hepatocyte damage, inflammatory infiltrate and collagen
deposition™

In many ways, the NASH pattern and characteristics
differ between children and adults”. In adults, common
features are the combination of macrovesicular steatosis
with ballooning degeneration and lobular inflammation
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with or without pericellular fibrosis localized primarily in
acinar zone 3 (type 1). Pediatric NASH is characterized
by macrovesicular steatosis with portal inflammation
and/or fibrosis, generally without evidence of cellular
injury or lobular inflammation (Type 2). Type 1 and type
2 NASH are distinct subtypes of pediatric NAFLD as-
sociated with different clinical demographic and possible
pathophysiological features. In children with NAFLD
aged 2-18 years, 51% is type 2 and 17% is type 1. In
most of the children with extensive fibrosis, type 2 pat-
tern is demonstrated”. These children are younger and
more obese compared to children displaying type 1 pat-
tern. Type 2 NASH is more common in boys than gitls.
Asian, Native American race and those of Hispanic
ethnicity predominantly demonstrate type 2. Among
children with type 2 NASH, it is not known whether the
pattern evolves into a more characteristically adult type 1
pattern as the children grow older!”.

There has been an increase in NAFLD frequency
in the last 30 years™""". Nowadays, NAFLD is the
most common form of liver disease in children”. A
chronic obesity associated condition, NAFLD can lead
to cirrhosis and liver failure over time. Tt is also an
independent risk factor for cardiovascular disease and
liver cancer”. Studies have demonstrated differences in
NAFLD prevalence rates across race/ethnicity, gender

and weight status'>"",

EPIDEMIOLOGY

In developed countties, hepatosteatosis is seen in 20%-30%
of an unselected population”. The prevalence of NAFLD
in Hong Kong Chinese is 27.3%. Around 4% of patients
with fatty liver in the community had advanced fibrosis, as
estimated by transient elastography!'”.

The frequency of NASH is considered to be 2%-3%.
It is reported that 10%-29% of NASH cases develop
cirrhosis in 10 years"”. Cirrhosis may progress to liver
cancer. Hepatocellular carcinoma may occur in 4%-27%
of the individuals with NASH-induced cirrhosis""*".

Since childhood obesity became epidemic in devel-
oped countries, NAFLD became the most common
cause of chronic liver disease in pediatrics'”.

In fact, the true NAFLD prevalence in children is
unknown. A population based autopsy study reported
that 13% of children and adolescents are affected with
NAFLD, 23% of the subjects with NAFLD had evi-
dence for steatohepatitis, whereas bridging fibrosis
or cirrhosis was observed in 9% of the children with
NASH. Overweight and obese children accounted for
81% of all of the cases of NAFLD. A male-to-female
ratio was 2: 177,

It is suggested that NAFLD prevalence increases
with age, with a mean age at diagnosis between 11 and
13 years”. This tendency is explained by adolescent
hormonal changes which result in an increase in serum
insulin levels and fat accumulation in the liver™?,

Obesity and insulin resistance are the most common
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risk factors for NAFLD. However, differing amounts
of fat accumulation in individuals with similar adipose
tissue suggests that other factors are also responsible.
Gender, ethnicity and genetic predisposition are empha-
sized” .

The prognosis of children with NAFLD is still un-
known. Patients with simple steatosis may still develop
NASH and fibrosis progression. It is reported that
weight reduction is associated with non-progressive dis-
ease in adult patients[zs]. It is suggested that long term
survival of NAFLD pediatric patients is shorter than
non-affected patientsm].

PATHOGENESIS

Triglycerides are preferred as storage nutrients in cells to
regulate the changes between intake and usage. Triglyc-
erides supply high calories. Additionally, because they
are not dissolved in water, they might be stored intracel-
lularly in high amounts without causing any colloidal
or osmotic problems. Triglycerides are basic material
stocks of adipocytes and are not accumulated in other
cells, except in unusual situations. Steatosis in liver is not
an adaptive process; indeed it may cause severe chronic
problernsm.

Fat droplets should be seen in at least 5% of hepato-
cytes in order to be named as steatosis. Another defini-
tion is TG deposition in the liver above 95" percentile
or more than 55 mg per gram of liver tissue in a healthy
lean personm.

Hepatosteatosis might be seen in two different types;
macrovesicular and microvesicular. In macrovesicular
steatosis, one or a few lipid droplets are present, filling
the total hepatocyte. These lipid droplets propel the nu-
cleus to the edge. In microvesicular type, multiple small
lipid droplets are seen, giving a foamy appearancem.

Microvesicular steatosis might be seen in Reye syn-
drome, salicylate, sodium valproate or ethanol intake, ful-
minant hepatitis D, mitochondrial fatty acid beta oxida-
tion defects and urea cycle disorders. In these disorders,
liver function tests are usually affected and the patient
is comatose. If the patient survives, permanent damage
will not occur in the liver. Macrovesicular type occurs
in alcoholic liver disease, obesity, diabetes, kwashiotkor,
AIDS, total parenteral nutrition therapy, phosphorus in-
toxication and steroid treatment”.

High concentration of serum saturated free fatty
acids is important in the pathogenesis of steatosis. This
high concentration of saturated free fatty acids creates
hepatotoxic impulse. Besides, esterification of these
free fatty acids into TGs is a process of detoxification.
The balance between TG deposition and removal is
disrupted. There are three sources of fatty acids causing
TG deposition in liver: from diet, 15%; de-novo synthesis
(carbohydrates from diet), 26%; and adipose tissue circu-
lating, 59%'"".

Twenty percent of the fat present in the systemic
circulation (100 g/d) is taken by the liver. Daily intake of
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TGs from diet (approximately 20g/d) and free fatty ac-
ids from adipose tissue (approximately 20 g/d) enter the
liver as TG, There has been an increase in NAFLD
frequency in the last 30 years. It is considered that this
is due to changes in the amount and content of food.
Changes in food composition cause steatosis in liver.
Generally, carbohydrates and fructose play the most im-
portant role in this issue. Fructose influences the dietary
carbons to move to liver and participate in lipogenesis.
Despite glucose, fructose is almost totally taken from
the systemic circulation. Fructose is phosphorylated at
C1 instead of C6 and because of this it cannot be used
in glycogen synthesis. Instead, fructose is changed to
glyceraldehyde-3-phosphate, which provides substrate
for de-novo lipogenesis. Yearly fructose intake of the
population is increasing day by day and consequently
NAFLD incidence is rising“’37]. As the adipose tissue in-
creases in obesity, death receptors in adipose tissue and
apoptosis pathway are activated. Increase in adipocyte
death causes more macrophage migration. Insulin resis-
tance and hepatosteatosis occur as a result. Approaches
blocking apoptosis of adipose cells are considered to
improve complications related to obesity, including
NAFLD. Lipoapoptosis is related to AST/ALT > 1 and
liver fibrosis™ .

Insulin stimulates fatty acid production while pre-
venting glucose production in the liver. As insulin re-
sistance develops in the liver, the effect of insulin on
preventing glucose production diminishes. However,
the effect of insulin on stimulating fat synthesis in the
liver is preserved. When the insulin level decreases with
therapy, steatosis in the liver also decreases. Additionally,
high insulin levels increase hepatotoxicity by preventing
FFA oxidation'"".

It is suggested that NAFLD pathogenesis is multi-
factorial with many factors affecting disease develop-
ment and progression. The “multiple-hit” hypothesis is
currently the established pathogenetic model™. At the
onset, NAFLD is characterized by fat accumulation in
the liver and insulin resistance, influenced by genetic sus-
ceptibility, epigenetic mechanisms, a sedentary lifestyle
and hypercaloric diets™. Hepatic fat accumulation leads
to exacerbating insulin resistance by interfering with
phosphorylation of insulin receptor substrates™. Free
fatty acid accumulation and insulin resistance predispose
the fatty liver, including oxidative stress, inflammatory
cytokines, stellate cells activation and mitochondrial
disturbance, which lead to inflammation, necrosis and
fibrosis™. A changing of gut microbiota and excess
gut permeability increase liver exposure to gut-derived
bacterial products in NAFLD. These products stimulate
innate immune receptors and trigger liver inflammation
and ﬁbrogenesism.

Hepatic progenitor cell activation is correlated with
fibrosis and NASH progressionm. Adiponectin, leptin,
resistin and tumor necrosis factor-alpha are also thought
to be involved in the progression of steatosis to NASH.
Adipocytes or inflammatory cells infiltrating the adipose
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tissue in insulin resistance are responsible for adipocyto-
kine secretion. Leptin may activate hepatic stellate cells.
The expansion of adipose tissue, especially visceral fat,
is associated with a decrease in the release of insulin-
sensitizing and anti-inflaimmatory cytokines and an in-
crease in the release of pro-inflammatory molecules™.
Tumor necrosis factor-g and interleukine-6 levels are
clevated in the liver and blood of NASH patients. These
cytokines are involved in Kupffer and hepatic stellate cell
activation in myofibroblasts"”. NAFLD results from the
relationship between multiple organs, including adipose

) . 551
tissue, liver, gut and the pancreas[ =1,

CLINICAL FINDINGS

Most of the cases are asymptomatic but nonspecific symp-
. . . 301

toms like abdominal pain may be present[ | The most

common admission reason is slightly elevated transami-

nases or coincidentally noticed hepatomegaly. Multiple
diseases like Wilson’s disease, drug-induced liver injury
and autoimmune hepatitis should be excluded before a
diagnosis of NAFLDP"",

Obesity is distinctive” ™", In adults, 10%-75% of fat-
ty liver occurs with insulin resistant type 2 diabetes. Fatty
liver is defined in pootly regulated type 1 diabetes (Mauriac
syndrome) in children. Children with typical NAFLD
have insulin resistance with hyperinsulinemia but they
are cuglycemic. Type 2 diabetes mellitus is present in
5.5% of NASH cases' . Acanthosis nigricans, defined
as hyperplasia of pigmented skin cells, is an important
physical examination seen with insulin resistance. This
can be found in more than 50% of children with NASH.
Family story is important in NAFLD because familial
clustering is common",

Obesity is reported, especially after ALL chemother-
apy, hypothalamic dysfunction or hypothalamic surgery.
Even NAFLD progressing to cirrhosis is defined in these
children. NAFLD is also seen in Prader-Willi syndrome.
Besides these, fatty liver may be seen concurrently with
some inborn errors of metabolism and genetic diseases.
Insulin resistance, obesity, type 2 DM and NAFLD pro-
gressing to cirrhosis may be seen in Alstrém syndrome.
Liver fibrosis is reported in Turner’s syndrome. Also, in
lipodystrophy, cases are present with cirrhosis with liver

transplantationm’szl.

LABORATORY FINDINGS

In NAFLD, serum aminotransferases are moderately high
with ALT being higher than AST. Increase in AST and
reversing of the AST/ALT ratio in NAFLD predicts a
bad prognosis. Raised ALT and GGT levels, especially

if they are within normal ranges, are found to be related

to hepatic steatosis evaluated by USG or magnetic reso-
nance imaging. Therefore, changing the normal ranges
is being discussed. Serum GGT > 96.5 U/L is a marker
of advanced fibrosis. Serum bilirubin levels are normal
or near normal. Biochemical findings of cholestasis are
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not presentmm. Serum IgG and nonspecific tissue auto-

antibodies imply autoimmunity. Mostly, the anti-smooth
muscle antibody is positive at low titer™ ",

The other markers synthesized in liver, like sex hor-
mone binding globulin, ferritin and plasminogen ac-
tivating inhibitor-1, may be used in the diagnosis of
NAFLDP, Homocysteine levels may increase in ste-
atohepatitis. High hyaluronic acid levels are the most
powerful independent marker of severe fibrosis and
distinguishes steatosis and NASH"™* Laminin and
ELF (enhanced liver fibrosis) scores may also be used.
Low adiponectin with low adipokines are important in
NASH diagnosis. A combination of serum adiponectin,
homoeostasis model assessment of insulin resistance
(HOMA-IR) and type IV collagen 7S, at cut-off limits
of < 4.0 ug/ml, = 3.0 and = 5.0 ng/mL respectively,
was shown to have a sensitivity of 94% and specificity
of 74% for identifying early NASH™. Cut-off values
of HOMA-IR for insulin resistance are higher than
in adults. When an obese patient loses weight, normal
ALT decreases more and a decrease in HOMA-IR also
occurs with insulin resistance.

Hypoadiponectinemia and high tumor necrosis fac-
tor-alpha levels were found to be related to NAFLD® 7.,
However, adiponectin and tumor necrosis factor-alpha
gene polymorphism were not shown to be associated
with NAFLD or significant fibrosis in Chinese peoplem.

Urea, clectrolytes, thyroid function tests, glucose,
HbA1c and serum lipids should be controlled. The most
common lipid disorder is hypertriglyceridemia. Autoan-
tibodies, immunoglobulins, viral markers for hepatitis B,
hepatitis C, cytomegalovirus and Ebstein-Barr virus are
important in excluding chronic liver diseases. Chronic
hepatitis C, Wilson’s disease, cystic fibrosis and drug
intoxication (e.g., methotrexate) should especially be ex-
cluded™.

Steatosis may be diagnosed by ultrasound, computed
tomography or MRI scanning, Ultrasound, the cheapest
option, has been reported to have a sensitivity of 89%
and specificity of 93% for the identification of fatty liv-
et Abdominal USG does not reflect changes in liver
histology and it is not useful in distinguishing steatosis
and NASH. Microvesicular steatosis is due to hereditary
inborn errors of metabolism, urea cycle disorders and
valproic acid toxicity, and it is more severe. USG with
a good history taking and metabolic tests may be suf-
ficient in diagnosis of microvesicular steatosis'L ALT
and AST levels are not always in parallel with the histo-
logical state and therefore, in children with risk factors,
USG should be performed even if ALT and AST are
normal”™",

New non-invasive tests such as proton-magnetic reso-
nance spectroscopy and transient elastography allow rela-
tively accurate estimation of hepatic steatosis and fibrosis
in the community”™*".

Liver biopsy may be essential in the diagnosis of
NAFLD and distinguishing NASH from other disorders.
In obese patients, biopsy may be needed to differentiate
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NAFLD from hepatitis. Optimal timing for this is not
certain. Some physicians delay biopsy for 3-6 mo, make
the patient lose weight and perform biopsy if ALT is
still high. In younger children and cases with acanthosis
nigricans, biopsy may be performed but there is insuf-

ficient data for this"**.

TREATMENT

In childhood, fatty liver does not have a proven treat-

ment™. In a meta-analysis evaluating studies on adults,
losing weight is reported to improve histological activity
in NASH but > 50% of the patients could not reach
the estimated Weight[84’85]. In the literature, results of the
studies about antioxidants in NASH therapy are con-
flicting and heterogeneous. In studies with pentoxifyl-
line, telmisartan, L.-carnitine and polyunsaturated fatty
acids, it is stated that these agents may improve differ-
ent parameters (radiology, biochemistry, histology) of
NASH™ ™. Vitamin E or metformin is not efficient in
fatty liver in children™".

As apoptosis is the key pathogenic mechanism in
NAFLD, antiapoptotic agents are considered to be efficient
in treatment. Studies are proceeding on chemical chap-
erones (glycerol, 4-phenyl butyric acid, TUDCA), PUFA
(decreases ER stress and cell death in liver caused by
saturated FFA), protease inhibitors (pan-caspase inhibitor
Z-VAD-fmk, VX-166) and kinase inhibitors' """,

Drugs increasing insulin sensitivity are also stud-
ied in NASH. Indeed, the best management of insulin
resistance is losing weight but drugs are also used. In
pediatric NASH, 1000 mg/d metformin decreased
ALT, in 40% ALT became normal, and in 90% steatosis
in liver detected by MR spectroscopy decreased 23%.
Metformin is effective on SREBP-1c and it is used in
adulthood NASH. If evidence of childhood obesity and
insulin resistance is present, it is useful and advised to be
used. It is used in childhood type 2 diabetes, PCOS and
Prader-Willi syndrome"™. Thiazolidinedione is reported
to improve steatosis and inflammation but causes severe
weight gain[ss].

Exercise, diet and bariatric surgery improve liver his-
tology. Standard obesity surgery is not studied in children
and the effect on NAFLD is not known. None of the
drug therapies in children is efficient in NAFLDP7%1,

Multi-disciplinary management is needed in obesity
treatment. Decrease in weight normalizes transaminases
and liver histology. The most acceptable strategy is low-
ering weight gain and regular medium level exercise. For
losing weight, diets with a low glycemic index and realis-
tic portions are helpful. Special diets bringing hyperinsu-
linism to a minimal level instead of standard low calorie
diets are more effective in childhood obesity. Diets with
low postglycemic index may be carried out longer than

P 1n the management of obesity,

calotie restriction
family based behavior therapies increase success. The
other valuable factor is exetcise because it decreases hy-

. . - [99-101
perlnsuhnemla[ 1,
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CONCLUSION

Fatty liver is a growing health problem worldwide. It
might evolve to nonalcoholic steatohepatitis, cirrho-
sis and cause hepatocellular carcinoma. There are two
distinct subtypes of pediatric NAFLD associated with
different clinical, demographic and possible pathophysi-
ological features. In children with NAFLD aged 2-18
years, 51% is type 2 and 17% is type 1. The most impor-
tant risk factors for NAFLD are obesity and insulin re-
sistance. In general, NAFLD has no specific symptoms
or signs but should be considered in obese children.
The most common admission reason is slightly elevated
transaminases or coincidentally noticed hepatomegaly.
In NAFLD, serum aminotransferases are moderately
high, ALT being higher than AST. Increase in AST and
reversing of the AST/ALT ratio in NAFLD predicts a
bad prognosis. Progression to cirrhosis in children is rare
but possible. The treatment of this disease is not certain.
It is demonstrated that decrease in weight normalizes
transaminases and liver histology. Therefore, weight loss
with regular medium level exercise and an applicable diet
with low glycemic index and appropriate calorie intake
are preferred. Drugs are promising but not sufficient in
children for today.

In conclusion, since childhood obesity became epi-
demic in developed countries, NAFLD has become the
most common cause of chronic liver disease in pediat-
rics. Therefore, it should be taken into consideration in
obese children. After excluding other diseases, multi-
disciplinary management should be started for weight
loss.
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Abstract

Understanding the mutual relationship between the
liver and the heart is important for both hepatologists
and cardiologists. Hepato-cardiac diseases can be
classified into heart diseases affecting the liver, liver
diseases affecting the heart, and conditions affecting
the heart and the liver at the same time. Differential
diagnoses of liver injury are extremely important in a
cardiologist’s clinical practice calling for collaboration
between cardiologists and hepatologists due to the
many other diseases that can affect the liver and mimic
haemodynamic injury. Acute and chronic heart failure
may lead to acute ischemic hepatitis or chronic conges-
tive hepatopathy. Treatment in these cases should be
directed to the primary heart disease. In patients with
advanced liver disease, cirrhotic cardiomyopathy may
develop including hemodynamic changes, diastolic and
systolic dysfunctions, reduced cardiac performance and
electrophysiological abnormalities. Cardiac evaluation
is important for patients with liver diseases especially
before and after liver transplantation. Liver transplanta-
tion may lead to the improvement of all cardiac chang-
es and the reversal of cirrhotic cardiomyopathy. There
are systemic diseases that may affect both the liver and
the heart concomitantly including congenital, metabolic
and inflammatory diseases as well as alcoholism. This
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Core tip: Acute and chronic heart failure may lead to
acute ischemic hepatitis or chronic congestive hepa-
topathy. Treatment in these cases should be directed
to the primary heart disease. In patients with advanced
liver disease, cirrhotic cardiomyopathy may develop
including hemodynamic changes, diastolic and sys-
tolic dysfunctions, reduced cardiac performance and
electrophysiological abnormalities. Cardiac evaluation
is important for patients with liver diseases especially
before and after liver transplantation. Liver transplanta-
tion may lead to improvement of all cardiac changes
and reversal of cirrhotic cardiomyopathy. There are
systemic diseases that may affect both liver and heart
concomitantly including congenital, metabolic, inflam-
matory diseases and alcoholism.

Fouad YM, Yehia R. Hepato-cardiac disorders. World J Hepatol
2014; 6(1): 41-54 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v6/i1/41.htm DOI: http://dx.doi.org/10.4254/
wjh.v6.11.41

INTRODUCTION

The heart and liver are organs that are closely related
both in health and disease. According to traditional medi-
cine, each body has its organ own specific temperament
composed of four qualities (elements): “warmth”, “cold-
ness”, “wetness” and “dryness”. “Wetness” and “dry-
ness” are considered on a spectrum of “tissue moistures”
and “warmth” and “coldness” may be regarded as the ba-
sic metabolism of the organ. In his famous book ,“Canon”

(The Law), Avicenna pointed to some of the interactive
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effects occurring in the heart and the liver. Some of the
most important include: (1) dominance of the “heart
warmth” over “liver coldness” and (2) the dominance
of “liver dryness” over “heart wetness”. The impact and
position of “heart temperament” as well as its effect on
“liver intemperaments”” may be definitive in diagnosis and
assessment of the general prognosis of liver disease and
in the treatment process“’ﬂ.

Chronic liver diseases may affect cardiac functions
in the absence of other heart disease. These effects are
called cirrhotic cardiomyopathy and may aggravate the
course during orthotropic liver transplantation (OLT).
Most of these effects are reversed after OLT™. In case
of ischemic hepatitis, patients with severe heart failure
usually remain asymptomatic, while for patients with
congestive hepatopathy, signs of right-sided heart failure
could mask hepatic injury. However, changes in hepatic
function, that are proven by laboratory tests are signifi-
cant in predicting the survival of patients with severe
heart failure. Therefore, the evaluation of cardiac and
hepatic function is very important in patients with severe
heart failure and hepatic injury. Their treatment options
should be revised in order to ensure stable hemodynam-
ics, as well as optimal liver function, and so in this way
their survival and prognosis could be improvedm. This
review highlight the liver diseases affecting the heart,
heart diseases affecting the liver and some systemic dis-
cases affecting both heart and liver.

LIVER DISEASES AFFECTING THE HEART

Chronic hepatitis C virus

In hepatitis C virus (HCV) heart disease, most patients
develop chronic inflammation of the myocardium and,
later, dilated cardiomyopathy attributable to necrosis
and loss of myocytes. However, because myocytes do
not replicate, the proliferative stimuli induced by HCV
infection may promote myocyte hypertrophy and hy-
pertrophic cardiomyopathy'®. A role of direct effect of
HCYV core proteins was suggested in the pathogenesis of
cardiornyopathym. Cardiac damage is a rare manifesta-

tion of HCV-related mixed cryoglobulinemia vasculitis.
Despite favourable early outcomes, patients with car-
diac damage had poorer survival than those without".,
Chronic hepatitis C viral infection is independently as-
sociated with presence of metabolic conditions (insulin
resistance, type 2 diabetes mellitus and hypertension)
and congestive heart failure”.

The connection between hyperlipidemia and ath-
erosclerosis is not linear in people with hepatitis C. In a
population-based study, although chronic HCV infection
was associated with severe insulin resistance, the patients
only had mild atherosclerosis, suggesting a unique chat-
acteristic of HCV-related metabolic abnormality. Chronic
HCV-associated steatosis was suggested as a leading
cause of coronary artery diseases through the modulation
of atherogenic factors, such as inflaimmation and dys-
metabolic milieu. Interestingly, interferon-based therapies
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in patients with chronic HCV were found to reduce the
long-term risk of stroke. Thus, atherosclerosis in patients
with hepatitis C is likely due to an inflammatory process
rather than to a lipid related source"™. Thus, even pa-
tients having healthy cholesterol and triglyceride levels in
the presence of chronic hepatitis C infections should not
engage in activities that could further increase the disease
risk of their cardiovascular vessels.

Liver cirrhosis

Patients with liver cirrhosis (LC) frequently experience
autonomic cardiovascular dysfunction, such as increased
activity of the sympathetic nervous system and reduced
vagal cardiac function, which has important implications
for liver dysfunction and poor survival”", Baroreflex
has been shown to be an important determinant of
electrical stability in the heart and can predict increased
mortality and end-organ damagemm, Patients with liver
cirrhosis have an enhanced activity of the sympathetic
nervous system and hyperdynamic circulation showing
increased cardiac output and reduced systemic vascu-
lar resistance. These changes may induce myocardial
remodelling and LV hypertrophy (LVH), resulting in
systolic and diastolic functional abnormalities and car-
diomyopathy[zo’zzl. Cirrhotic cardiomyopathy was defined
by a working group as a cardiac dysfunction in patients
with cirrhosis characterized by impaired contractile re-
sponsiveness to stress and or altered diastolic relaxation
with electrophysiological abnormalities in the absence of
known cardiac disease™. The criteria for the diagnosis of
cirthotic cardiomyopathy are shown in Table 184,

Systolic dysfunction is related to the inability of the
heart to meet its demands with respect to the generation
of an adequate arterial blood pressure and cardiac out-
put. This dysfunction can be unveiled by physical exer-
cise that increases left ventricular pressure, volume, and
left ventricular ejection fraction and heart rate in some
cirrhotic patients. Similatly, the administration of vaso-
constrictors, such as angiotensin Il and terlipressin, in-
creases the SVR and thereby the left ventricular afterload
unmasking a latent left ventricular dysfunction in cir-
rhosis. In contrast, vasodilators, such as angiotensin-con-
verting enzyme inhibitors and other afterload-reducing
agents, should be used with caution due to the risk of
further aggravation of the vasodilatory state™"!. Systolic
dysfunction may have an impact on the development of
complications, such as sodium and water-retention and
ascites formation, as well as development and prognosis
of renal dysfunction”*’,

Diastolic dysfunction in cirrhosis is due to an in-
creased stiffness of the myocardial wall owing to myo-
cardial hypertrophy, fibrosis, and subendothelial edema.
The prevalence of diastolic dysfunction has been report-
ed to range from 45% to 56%. Diastolic dysfunction is
most prominent in patients with severe decompensation,
in whom, the combination of myocardial hypertrophy,
contractile dysfunction, changes in heart volumes, and
diastolic dysfunction may represent an essential element
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Table 1 Proposal for diagnostic and supportive criteria for cirrhotic cardiomyopathy agreed upon at a working party held at the

2005 World Congress of Gastroenterology

A working definition of cirrhotic cardiomyopathy

A cardiac dysfunction in patients with cirrhosis characterised by impaired contractile responsiveness to stress and/or altered diastolic relaxation with
electrophysiological abnormalities in the absence of other known cardiac disease

Diagnostic criteria
Systolic dysfunction

Blunted increase in cardiac output with exercise, volume challenge or pharmacological stimuli

Resting EF < 55%
Diastolic dysfunction
E/ A ratio < 1.0 (age-corrected)
Prolonged deceleration time (> 200 ms)
Prolonged isovolumetric relaxation time (> 80 ms)
Supportive criteria
Electrophysiological abnormalities
Abnormal chronotropic response
Electromechanical uncoupling/ dyssynchrony
Prolonged QTc interval
Enlarged left atrium
Increased myocardial mass
Increased BNP and pro-BNP
Increased troponin I

BNP: Brain natriuretic peptide; E/ A: Early diastolic/atrial filling ratio; EF: Left-ventricular ejection fraction.

in cirrhotic cardiomyopathy™*. The diastolic dysfunc-
tion may adversely affect the prognosis of patients with
cirrhosis, by favouring the occurrence of complications
and impairing the outcomes of manocuvres that lead to
rapid increases in preload, such as transjugular intrahe-
patic porto-systemic shunt (TTPS) insertion”".

Patients with advanced cirrhosis usually exhibit tachy-
cardia. The inability to increase the heart rate further con-
tributes to an impaired ability to keep the cardiac output at
a level adequate to meeting the needs of systemic circula-
tion. At this point, the effective volemia suddenly worsens,
similar to the events of post-paracentesis circulatory dys-
function and hepatorenal syndrome”", The prolongation
of the electrocardiographic QT interval is common in
cirrhosis, with a prevalence that exceeds 60% in patients
with an advanced disease. In this case, drugs affecting QT
should be avoided or used with caution and under close
ECG monitoring™. Systemic and cardiac changes in pa-
tients with liver cirrhosis are shown in Figure 1.

Almost all cardiovascular abnormalities reverse a few
months after liver transplantation ™",

Nonalcoholic fatty liver disease

It has been shown that the leading cause of death in
patients with nonalcoholic fatty liver disecase (NAFLD)
is coronary events. In patients with diabetes mellitus,
NAFLD is associated with cardiovascular disease (CVD)
independent of the classical risk factors, glycaemic con-
trol, medications, and metabolic syndrome features. When
diabetic patients with and without NAFLD were com-
pared, those with NAFLD had a higher prevalence of
coronary vascular disease, hypertension, central obesity,
poor glycaemic control, and dyslipidaecmia and greater
carotid intimal thickness. Furthermore, with the develop-
ment of steatohepatitis, the degree and severity of CVD
became directly proportional to the severity of inflam-
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mation on liver biopsy. Cardiovascular mortality is also
increased at least two-fold in non-alcoholic steatohepatitis
(NASH). The presence of liver fat is associated with lower
adiponectin levels and increased levels of fibrinogen,
C-reactive protein (CRP), and plasminogen activator in-
hibitor 1 (PAI-1), which are markers of inflammation and
risk factors of coronary vascular disease independent of
BMI and intra-abdominal obesity. Patients with NAFLD
also have significantly higher mean values of intima-media
thickness and prevalence of plaques resulting in an in-
creased risk of atherosclerosis in subjects with metabolic
syndrome. It has also been shown that NASH predicts
plasma inflammatory biomarkers independent of visceral
adiposity and other potential confounders. These find-
ings suggest that NASH is not simply a marker of CVD
but may also be involved in its pathogenesis. Steatosis has
been found to be the strongest independent risk predictor
of vascular damage, followed by age and blood pressure.
Patients with NAFLD and systolic BP = 130 mmHg atre
4.7 times more likely to have a positive treadmill test™ ",

In a recent study, asymptomatic obese children with
NAFLD exhibited features of eatly LV diastolic and sys-
tolic dysfunction. These abnormalities were more severe
in those with NASH".

Primary biliary cirrhosis

Circulating cholesterol levels are elevated in most with
primary biliary cirrhosis. Hypercholesterolemia in pa-
tients with primary biliary cirrhosis should be considered
a cardiovascular risk factor only when other factors are
present. Ursodeoxycholic acid, the standard treatment
for primary biliary cirrhosis, improves cholestasis, there-
by lowering the circulating levels of cholesterol. Thus,
hypercholesterolemia in the absence of other cardiovas-
cular risk factors does not require specific therapeutic
interventions in patients with primary biliary cirrhosis.
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Figure 1 Proposal of changes in cardiac output during the course of the liver disease. DT: Deceleration time; LAV: Left atrial volume; LVEDV: Left end-diastolic

volume; LVEF: Left ventricular ejection time.

Epidemiological studies have shown significantly in-
creased all-cause mortality rates in comprehensive PBC pa-
tient groups, with a significant component of this increased
mortality coming from non-liver-related causes”™ . These
studies were not designed to address the cause of this
increase in non-liver-related mortality. There is, however,
convincing evidence from the same populations to suggest
that malignant disease makes little or no contribution to
this excess non liver mortality™"). Given the importance
of cardiovascular mortality in the general population, the
possibility must be considered that cardiac mechanisms
contribute to the excess non liver mortality rates seen
in these populations. Autonomic dysfunction has been
seen in PBC and was associated with an increased cardiac
mortality risk in non-liver chronic disease states'"*”, Fur-
thermore, a significant peripheral muscle bioenergetics
abnormality has also been reported in PBC'*. Raising the
possibility that similar bioenergetic abnormalities may also
be present in the cardiac muscle. The effects of autonom-
ic dysfunction may alter the perfusion patterns in tissues,
potentially reducing muscle perfusion and contributing to
petipheral mechanisms of fatigue. A generic tendency to-
watds altered myocardial function was shown in PBC and
did not typically appear to be symptomatic in terms of
“classical” myocardial dysfunction symptoms'*".
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Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a chronic in-
flammatory disease of affecting the large bile ducts
and is characterized by periductal fibrosis and stricture
formation. Arteriosclerosis involves the accumulation
of altered lipids and lipoproteins in large arteries; this
drives inflammation and fibrosis and ultimately leads
to the narrowing of the arteries and hypoperfusion of
dependent organs and tissues. Knowledge of the caus-
ative factors is crucial to the understanding of disease
mechanisms and the development of specific treatment.
Based on the pathogenic similarities and common mo-
lecular, cellular, and morphological features that provide
the conceptual framework for a deeper understanding of
their pathogenesis between PSC and arteriosclerosis, it
has been hypothesized that PSC represents “arterioscle-
rosis of the bile duct” initiated by toxic biliary lipids[45].
This hypothesis should stimulate translational research
to facilitate the search for novel treatment strategies for
both diseases.

Hepatocellular carcinoma

Cardiac complications of hepatocellular carcinoma he-
patocellular carcinoma are rare. Cases of right atrial in-
vasion of HCC had been reported[%], which led in some
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cases to right ventricular outflow obstruction and Budd
Chiari syndrome!’
with cardiac metastases are usually found in advanced
stages. These patients have limited survival from the di-
agnosis of cardiac metastases. The most common causes
of death are related to HCC itself or to the underlying
liver disease. Only a few patients will die due to cardiac

) Hepatocellular carcinoma patients

metastases’ . The palliative treatments for tumor throm-
bi may include transcatheter chemotherapy, transarterial
chemoembolization and radiation therapy with a partial

improvement of patient symptoms"™’.

Budd-chiari syndrome

Primary Budd-chiari syndrome (BCS) is a rare clinical
entity characterized by hepatic venous outflow obstruc-
tion at various levels from the small hepatic veins to the
inferior vena cava. There are three main types of BCS:
Type I, occlusion of the IVC; type II, occlusion of the
hepatic veins; and type III, occlusion of the IVC and the
hepatic veins. The incidence of HCC combined with
BCS varies among the types of BCS™, Type I BCS is
more prone to inducing HCC and the incidence ranges
between 10.7% and 43.5%. The mechanisms of HCC
induction unknown. The therapeutic treatments of BCS
combined with HCC includes TACE, surgery and more
recently angioplasty followed by percutaneous micro-

. 5255
wave ablation”*™.,

Portal hypertension

Three important complications are associated with por-
tal hypertension hepatopulmonary syndrome, portopul-
monary hypertension, and hepatic hydrothorax.

The hepatopulmonary syndrome: This entity is de-
fined by an oxygenation defect caused by the develop-
ment of intrapulmonary vascular dilation in patients with
cither advanced liver disease and/or portal hyperten-
sion™”, Angiogenesis was shown to be induced by an
increased level of nitric oxide and vascular endothelial
growth factor in patients with advanced liver disease or
portal hypertensionm’ssj. Patients with the hepatopul-
monary syndrome (HPS) may present with the insidious
onset of dyspnea or remain completely asymptomatic
during the early stages. Dyspnea upon standing (platypnea)
and hypoxemia exacerbated in the upright position (o1-
thodeoxia) are present in almost 25% of HPS patientsmj.
Patients with severe HPS may display digital clubbing and
Cyanosis.

Chest radiographs may be normal or show bibasilar
nodular or reticulonodular opacities, reflecting diffuse
vascular pulmonary dilation®™""!. Pulmonary function
tests typically demonstrate a reduced diffusion capacity
for carbon monoxide®’. There is no established medi-
cal therapy currently available for HPS. In patients with
PaO2 < 60 mmHg at rest or with exertion, the adminis-
tration of supplemental oxygen is appropriate, because
chronic hypoxemia itself may contribute to the mortality
in HPS'**, The administration of garlic resulted in im-
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provements in the PaO2, in two uncontrolled trials and a
small randomized study'®”.

Portopulmonary hypertension: Portopulmonary hyperten-
sion (POPH) is characterized by pulmonary arterial hyper-
tension (PAH) that occurs in the setting of portal hyper-
tension, with or without advanced liver disease!®. The se-
verity of POPH does not correlate with the degree of liv-
er dysfunction or the severity of portal hypertension[éﬁ’m.
The pathophysiology of POPH is not fully understood.
The histopathology of POPH is similar to that of idio-
pathic PAH, and is triggered by vascular injury as reflected
by the development of plexiform arteriopathy, concentric
intimal fibrosis, and proliferation and muscularization of
the pulmonary arterioles™. Dyspnea on exertion is the
most common initial symptom of POPH and fatigue,
orthopnea, chest pain, peripheral edema, syncope, and
dyspnea at rest may develop as the disease progresses'™ ™.
Medical treatment includes the following: prostacyclin
analogs (prostanoids), Endothelin receptor antagonist and
Phosphodiesterase-5 inhibitors' ™. A single short-term
study in patients with moderate to severe POPH, found
that the use of fB-blockers was associated with worsening
exercise capacirym.

Hepatic hydrothorax: This entity is characterized by a
transudative pleural effusion in the absence of underly-
ing cardiac or pulmonary disease. Its prevalence has
been estimated to be 5%-10% in cirrhotics, based on
retrospective observational data”. The most important
mechanism leading to the passage of ascitic fluid from
the peritoneal into the pleural cavity is the presence of
diaphragmatic defects. These defects were corroborated
by showing passage of 99mTc-human albumin from the
abdominal into the pleural cavity, even in the absence of
underlying ascites . Symptoms include cough, dyspnea,
chest discomfort, hypoxia, and in the most severe cases
respiratory failure with or without ascites' . Sponta-
neous bacterial pleuritis (SBPL) results when hepatic
hydrothorax (HH) becomes infected in the absence of
pneumonia. Symptoms in SBPL vary from fever and
pleuritic chest pain to subtle worsening of encephalopa-
thy or renal function, necessitating a high index of sus-
picion. A PMN > 500 cells/ mm’ is diagnostic for SBPL
in a pleural effusion, although SBPL with PMN between
250-500 cells/mm” is documented by positive pleural
fluid culture™. Chest tube placement is contraindicated
in SBPL, in the absence of empyema, due to the risk of
protein loss, prolonged drainage, secondary infection
and hepatorenal syndrome'”. Treatment of HH includes
the restriction of sodium intake with the administration
of diuretics. This approach is effective in controlling
HH, although fluid mobilization from the pleural cavity
may be slower than from the peritoneal cavity and ap-
proximately 20% of patients develop refractory HH"".
Percutaneous drainage, and chest tube placement can be
used in some cases' . The standard of care treatment
for refractory HH is TIPS placement with response rates
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of 70% to 80%"”*. Video assisted thoracoscopy (VATYS)
with pleurodesis is a potential treatment alternative for
patients with refractory HH, who are not eligible for or
who have failed TIPS,

Liver transplantation

Patients with cirrhosis requiring liver transplantation (LT)
usually demonstrate increased cardiac output. Low sys-
temic vascular resistance and bradycardia are also com-
monly seen in cirrhosis and can be aggravated by beta-
blocker use. These physiologic changes increase the risk
of cardiovascularn complications, in addition to altered
hemodynamic stresses that LT patients face in the imme-
diate post-operative period. Post-transplant reperfusion
may result in cardiac death due to a multitude of causes,
including arrhythmia, acute heart failure (HF), and myo-
cardial infarction™”

The unusually high perioperative mortality in trans-
plant patients with CAD warrants a systematic evalu-
ation in every patient that thought to have a greater
risk of atherosclerotic coronary disease. No single test
has a predictive value of 100%. Therefore, diagnostic
protocols must account for the variation in prevalence
that occurs in subsets of transplant candidates and the
limitation of each type of test™. In contrast to ischemic
heart disease, most patients with advanced liver disease
have myocardial defects that cause systolic and diastolic
impairments not always evident at rest. There are also
underlying electrophysiological defects that cause an un-
coupling of the mechanical and electrical activity. Diag-
nosis of “cirrhotic cardiomyopathy” is difficult because
the findings can be subtle as some patients develop frank
heart failure when exposed to pharmacological or physi-
ological stressors such as during liver transplantation™.

Almost all cardiovascular abnormalities can be re-
versed 6 to 12 mo after liver transplantation. Namely,
indices of both systolic and diastolic function, cardiac
workload, and exercise capacity can be substantially im-
proved or normalized. QT interval prolongation can also
revert after OLT, even though this occurs in about half
of cases suggesting that liver disease may not be the only

pathogenic factor!™**,

CARDIAC CAUSES OF HEPATIC
DISORDERS

Heart failure

The cardiac causes of hepatic dysfunction include con-
strictive pericarditis, severe pulmonary arterial hyperten-
sion (PAH), mitral stenosis, tricuspid regurgitation (IR),
corpulmonale, ischemic cardiomyopathy, and postopera-
tive consequences of the Fontan procedure for pulmo-
nary atresia and hypoplastic left heart syndrome. All of
these causes can lead to passive congestion due to the
elevated right ventricular (RV) pressure and right sided
heart failure. The outcomes of heart failure have dramati-
cally improved, due to the increased efficiency of medical

treatment, as a result, cardiac cirrhosis prevalence is de-
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cliningm’%].

Pathophysiology: In chronic heart failure (backward fail-
ure), the increase in venous pressure caused by RV dysfunc-
tion leads to the atrophy of hepatocytes and causes perisi-
nusoidal edema which can impair the diffusion of oxygen
and nutrients to the hepatocytes[87’88]. This backward
failure is also responsible for the enhanced hepatic lymph
formation, leading to ascites when its production rate
exceeds the draining capacity of the lymphatic system.
Morteover, increased pressure within the hepatic sinusoid
favours bile duct damage by disrupting endothelial cells
and the interhepatocyctic tight junctions that separate
the extravascular space from the bile canaliculus. Finally,
stagnant flow favors thrombosis within sinusoids, hepatic
venules, and portal tracts; thereby contributing to liver
fibrosis™*".

On gross examination, the congestive liver is enlarged,
with a purple or reddish hue and prominent hepatic
veins. The cut surface shows a classic nutmeg appearance,
reflecting an alternating pattern of haemorrhage and ne-
crosis of zone 3 with normal or slightly steatotic areas in
zones 1 and 2. Microscopically, the hallmark features of
hepatic venous hypertension are the prominence of the
central veins, central vein haemorrhage, and sinusoidal

B2 Untreated, longstanding congestion

engorgement
can lead to cardiac fibrosis and,ultimately cardiac cirrho-
sis”. Acute HF (forward failure): most commonly arises
in the context of profound systemic hypotension from
acute cardiopulmonary collapse after myocardial infarc-
tion, exacerbation of HE, or pulmonary embolism. In the
absence of established hypotension, ischemic hepatitis
has been shown in instances of severe hypoxemia, such
as obstructive sleep apnea, respiratory failure, and in
conditions of increased metabolic demand, such as those

seen in toxic/septic shock?

. Ischemic liver injury is
characterized by centrolobular necrosis of zone 3 hepa-
tocytes in the absence of histological evidence of inflam-
mation characteristic of viral hepatitismm”.

Oxygen consumption can be easily increased when the
hepatic blood flow is decreased. The mechanism by which
the liver protects itself from damage in hypoxia is increas-
ing oxygen extraction by the hepatocytes up to 95% as
the blood passes through the liver. When inadequate end-
organ perfusion and tissue hypoxia is persistent or when
acute shock develops this protecting mechanism against
hypoxic liver damage is overwhelmed. Hepatocellular
injury ensues, accompanied by a sharp elevation of the
serum alanine aminotransferase (ALT), aspartate amino-
transferase (AST), lactic dehydrogenase (LDH), prolonga-
tion of the prothrombin time, and occasionally functional
renal impairment. These abnormalities reach their peak
1 to 3 d after the onset of cardiogenic ischemic hepatitis
and return to normal within 5 to 10 d from onset of the
disorder" ™.

These forward and backward factors often coexist
and potentiate each other. Additionally, the presence of
hepatic steatosis due to diabetes, obesity, or other causes
may increase liver susceptibility to the ischaemic reperfu-
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Clinical presentations: As for the acute ischemic hepa-
titis, no specific symptoms but patients may present with
symptoms of nausea, vomiting, anorexia, malaise, right-
upper quadrant pain, jaundice, oliguria, and flapping
tremors representing cerebral hypoperfusion rather than
hepatic encephalopathy. Ischemic hepatitis is usually
benign and self-limited. The clinical diagnosis of liver
injury is almost always incidental when liver enzymes are
found to be massively elevated 1 to 3 d after an episode
of systemic hypotension. This condition may be associ-
ated with increased serum creatinine level from acute

. [102
tubular necrosis'"”

Congestive hepatopathy: The term congestive hepa-
topathy replaced cardiac cirrhosis. Patients experience
mild, dull right upper quadrant pain caused by the
stretching of the liver capsule. Hepatomegaly with a
firm, tender liver edge and peripheral edema are typi-
cally the most prominent findings in patients with
chronic right-sided HF, but these may also occur rap-
idly in acute HE Ascites may be present in up to 25%
of these patients and splenomegaly is characteristically
absent™. Jaundice is not commonly reported. In pa-
tients with considerable TR, a prominent systolic pulsa-
tion of the liver, attributable to an enlarged right atrial
V wave, is often noted. A presystolic pulsation of the
liver, attributable to an enlarged right atrial A wave, can
occur in tricuspid stenosis, constrictive pericarditis, re-
strictive cardiomyopathy involving the RV, and pulmo-

nary hypertension[sl.

Laboratory data: As for the acute ischemic hepatitis,
severe jaundice is common, with a bilirubin level as high
as 15 to 20 mg/dL, elevation of AST to more than 10
times the upper reference range limit, a marked increase
in serum LDH, an elevated ALP level, and prolongation
of the prothrombin time. Increases in LDH tend to be
massive and an ALT/LDH ratio of less than 1.5 helps
distinguishing ischemic injury from other forms of acute
hepatitis“m’mﬂ.

As for the congestive hepatopathy, the usual findings
are moderate elevations of the biochemical parameters
of liver function 2 to 3 times the upper normal refer-
ence level. These parameters include AST, ALT, LDH,
gamma-glutamyl transpeptidase (GGT), and alkaline
phosphatase (ALP). Hyperbilirubinemia, secondary to an
increase in both the direct and indirect bilirubin, is also
common. The total bilirubin level is rarely greater than 3
mg/dL. In patients with long-standing HR, albumin syn-
thesis may be impaired, leading to hypoalbuminemia and

intensifying the accumulation of fluid™™.

Treatment: Treatment of the cardiac problem is the key
to improvement in hepatic dysfunction.

As for the AHF and ischemic hepatitis, correcting
underlying circulatory or respiratory disturbances is the
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main treatment. It is recommended that doctors identify
and remove any precipitating cause, such as medications
with negative inotropic or hypotensive effects (certain
antiarrhythmic drugs, calcium-channel blockers, and va-
sodilators), medications likely to cause impairment of
renal function (high doses of angiotensin-converting en-
zyme (ACE) inhibitors, angiotensin Il receptor blockers),
or medications likely to accumulate with evolving renal
failure (like digoxin)mé]. Oxygen should be administered
as early as possible in hypoxemic patients to achieve an
arterial oxygen saturation > 95%. Administration of in-
travenous diuretics is recommended with caution in acute
HF patients in the presence of symptoms secondary to
congestion and volume overload. Inotropic agents should
be considered in patients with low output states and low
systolic blood pressure. When needed, inotropic agents
should be administered as eatly as possible and withdrawn
as soon as adequate organ perfusion is restored and/or
the congestion is reduced. Vasopressors are only indicated
in cases of cardiogenic shock when the combination of
an inotropic agent and fluid challenge fails to restore sys-
tolic blood pressure > 90 mmHg, with inadequate organ
perfusion, despite an improvement in cardiac output™",

As for the chronic HF and congestive hepatopathy,
the main lines of treatment are angiotensin-converting
enzyme (ACE) inhibitors and beta blockers. The addition
of a low-dose aldosterone antagonist should be consid-
ered in all patients with an LV systolic dysfunction. ACE
Inhibitors increase cardiac output and decrease LV fill-
ing pressure due to their vasodilatory effect. Some ACE
inhibitors are prodrugs, which require transformation
by the liver into active metabolites. These drugs include
enalapril, ramipril, fosinopril, trandolapril, quinapril,
benazepril, and moexipril. With liver dysfunction, de-
creases in the prodrug transformation and inactivation
of the active drug may occur”. For those patients who
cannot tolerate ACE inhibitors due to cough, angioten-
sin receptor blockers (ARBs) are recommended instead.
ARBs reduce morbidity and mortality in patients with
systolic HE. Losartan is metabolized to the active metab-
olite via hepatic carboxylation. In patients with hepatic
impairment, the bioavailability is doubled and the total
plasma clearance is halved. Therefore, lower initial doses
are recommended. Valsartan undergoes little metabolic
conversion. Caution is recommended in patients with
mild to moderate liver dysfunction but dosage adjust-
ments are generally not needed. Similar to valsartan,
irbesartan does not require biotransformation, thus dos-
age modification is not necessary'

The use of b-blockers is associated with a 30% re-
duction in total mortality in HE. Propranolol should be
administered cautiously in patients with hepatic impair-
ment. No dose adjustments are necessary for atenolol,
nadolol, esmolol, sotalol, or acebutolol"' >,

Diuretics: Loop diuretics, such as furosemide, bu-
metanide, and torsemide, are used for volume manage-
ment in HF because of their superior natriuretic effects
compared with other classes of diuretics. For unknown
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Table 2 Comparison between acute and chronic hepatic complications of cardiac failure

Chronic congestive hepatopathy

Acute ischemic hepatitis

Aetiology Chronic heart failure Acute heart failure
Pathophysiology Perisinusoidal edema Tissue hypoxia
Increased lymph flow Zone 3 necrosis
Zone 3: alternating necrosis and hemorrhage
Sinusoidal thrombosis
Manifestations Right hypochondrial pain Asymptomatic or nonspecific
Edema, ascites, jaundice (nausea, vomiting, jaundice, right hypochondrial pain)
Laboratory data
Bilirubin Mild increase Marked elevation
ALT and AST Normal mild elevation Marked elevation
LDH Normal or mild elevation Marked elevation
Prothrombin time Prolonged Normal or prolonged
ALP Normal or mild elevation Increased
Albumin Hypoalbuminemia Normal
Traetment ACE inhibitors Oxygen therapy
b-blockers Avoid precipitating factors
Diuretic Inotropic agents with caution
Amiodarone Vasopressor with caution
Statins with caution Diuretics in hypervolemia
Prognosis Slowly progressive course Benign and usually self limited

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LDH: Lactic dehydrogenase; ALP: Alkaline phosphatase; ACE: Angiotensin-converting

enzyme.

reasons, the pharmacologic response in patients with
liver dysfunction and HF is diminished, and there is a
net decreased in sodium excretion when compared with
healthy individuals taking the same dose. No adjustments
are necessary if renal function is normal' .

In patients with severe HF, amiodarone has proven
to be effective for suppressing ventricular arrhythmias,
reducing sudden death and cardiac mortality, and im-
proving exercise tolerance and ejection fraction. This
drug undergoes an extensive hepatic metabolism to ac-
tive metabolite, but no dosage reduction is indicated in
hepatic impairrnent[“(’].

Statins undergo extensive hepatic metabolism. In pa-
tients with active liver disease or persistent unexplained
elevations in serum transaminases to above 3 times the
upper limit of normal, the use of statins is contraindi-
cated as they may worsen liver function'”,

For patients, who are refractory to medical therapy
and who may be candidates for cardiac surgery, CH due
to chronic HF can improve and reverse after temporary
LV assistive device support or for selected patients or
cardiac transplantation’ ™", The differences between
acute and chronic hepatic impairment are summarized in

Table 2.

Ventricular assist devices

Ventricular assist devices (LVADs) lead to volume shifts
from the intrathoracic area to the systemic circulation,
thus improving liver blood flow, as assessed by indocya-
nine green clearance. Studies have shown improvement
in the liver function in patients with mild abnormalities in
pre-implant liver tests, and no deterioration in those with
normal baseline values, up to 6 mo'"™"*), However, pre-
existing or post-LLVAD severe liver dysfunction strikingly
influences patients’ prognosis and endangers their sur-
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vival"!, Liver dysfunction can also occur or worsen after
LVAD implantation. Pre-, peri-, and post-operative fac-
tors, such as large doses of vasopressors, prolonged cat-
diopulmonary bypass time, arterial hypotension, systemic
inflammatory responses and, mainly, right ventricular fail-
ure predispose a patient to liver damage, often presenting
with intrahepatic cholestasis'*. The model for end-stage
liver disease (MELD), a scoring system assessing the se-
verity of chronic liver disease based on serum bilirubin,
creatinine and INR for prothrombin time that is widely
used to determine prognosis and prioritize the receipt of
a liver transplant, is able to predict mortality and morbid-
ity following LVAD. The severity and course of post-ven-
tricular assist devices liver damage can be monitored by
sequential assessment of MELD-XI, a modified MELD
score excluding INR to overcome the problem posed by

. . . 2412
concomitant antlcoagiﬂatlon[ ].

Heart transplantation

Chronic cardiac hepatopathy is common in patients eval-
uated for heart transplantation-x (HTx), and liver dys-
function predicts an adverse outcome following trans-
plantation. At the same time, altered pre-HTx liver tests
can significantly improve after surgery, suggesting that
chronic cardiac hepatopathy is a potentially reversible
disease. In a large cohort study over 10 years among pa-
tients who had received LT, all cholestatic parameters,
transaminases and LDH improved after the procedure.
Interestingly, a complete reversal of cardiac cirrhosis 10
years after HTx has even been reported!*'*,

A careful assessment of liver function and detection
of liver cirrhosis is required in all candidates for HTx.
An ultrasound of the abdomen with an echo-Doppler
study of portal and tributary veins should be performed.
Endoscopy may be necessary to assess the presence of
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Hepatic manifestations

Cardiac manifestations

Congenital
Allagile syndrome
Situs Inversus totalis
Infections

Cholestasis

Concerns with liver or heart transplantation

Congenital heart defects

Sepsis Acute liver failure Acute heart failure

Hepatitis C Hepatitis Myocarditis, cardiomyopathy

Cytomegalovirus Hepatiitis Myopericarditis

HIV Hepatitis, granuloma Myocarditis , cardiomyopathy

Malaria Hepatic necrosis Cariac failure

Dengue fever Hepatic necrosis Myocarditis

Amebiasis Hepatitis, hepatic abscess Pericarditis, effusion
Metabolic

Wilson disease Cirrhosis, hepatitis Left ventricular remodeling

Hemochromatosis Cirrhosis, hepatitis Cardiomyopathy
Systemic

SIEE Steatosis, hepatomegaly Endocarditis, pericarditis

Amyloidosis Hepatomegaly, cholestasis Cardiomyopathy

Sarcoidosis Granuloma, cholestasis Conduction defects, HF
Chronic alcoholism Cirrhosis Cariomyopathy
Autoimmune

Grave’s disease Hepeatitis, cholestasis HF

Autoimmune hepatitis Hepatitis, cirrhosis Carditis

HF: Heart failure.

gastro-esophageal varices and congestive gastropathy
in patients with portal hypertension. Liver biopsy may
be needed in some cases. MELD or modified MELD
scores should be calculated. Higher MELD scores pre-
dict higher postoperative complication rates, including
reoperation for bleeding, bacterial infections, and in-
hospital death!™".

Patients with chronic hepatitis C or chronic hepatitis
B should be treated before HTx to avoid antiviral drug
intake after HTx which may be associated with graft
rejection“zs]. Finally, patients with heart failure and ir-
reversible cirrhosis could be offered combined heart and
liver transplantationm(’].

DISEASES AFFECTING BOTH THE HEART
AND THE LIVER

There are many systemic diseases in addition to chronic
alcoholism, that affect both the liver and the heart. This
fact may have important implications, because the heart
and the liver also interact particularly during surgical
procedures, OLT, and TIPS insertion, thereby influenc-
ing the outcomes. The spectrum of these diseases in-
clude congenital , autoimmune, metabolic and infectious
causes (shown in Table 3). We highlight some examples

of these diseases.

Congenital causes

The famous example is Alagile syndrome (AS), which
is a multisystemic disease that is autosomal dominant,
with variable expression. The major clinical manifesta-
tions are as follows: chronic cholestasis, congenital heart
disease, posterior embryotoxon in the eye, characteristic
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facial phenotype, and butterfly vertebrae. AS is caused
by mutations in JAGGED1 (more than 90%) and in
NOTCH2. Cholestasis, pruritus and xanthomas have
been successfully treated with choleretic agents (ursode-
oxycholic acid) and other medications (cholestyramine,
rifampin, naltrexone). In certain cases, partial external
biliary diversion has also proven successful. Liver trans-
plantation is indicated in children with cirrhosis and liver
failure .

Infections

Cytomegalovirus (CMV) infection in inmunocompetent
hosts generally is asymptomatic; whoever, it rarely can
lead to severe organ complications. A rare, but serious
complication of cytomegalovirus infection is the pres-
ence of myopericarditis concomitant with hepatitis with
a possible role of oral valganciclovir in these patientsms].

Metabolic causes

Wilson disease: Wilson disease is an inhetited autoso-
mal recessive disorder of the copper metabolism result-
ing in the pathological accumulation of copper in the
liver, brain and other tissues. One of the reported mani-
festations is cardiac involvement. Cardiac involvement
in Wilson disease patients is characterized by LV parietal
thickening with an increased prevalence of concentric LV
remodelling. Children with Wilson diseases were asymp-
tomatic upon cardiological examination, but had signifi-
cantly lower mitral E velocities, mitral E/A ratios as esti-
mated by pulsed wave Doppler echocardjographym‘)’130].

Hemochromatosis: Hemochromatosis is an autosomal

recessive disorder affecting the white population. In
this disorder, the inappropriate absorption and deposi-
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tion of dietary iron may result in the development of
hepatic and non-hepatic end-organ injury, leading to
liver cirrhosis, hepatocellular carcinoma, diabetes, arthri-
tis, skin pigmentation and cardiac diseases!™". Cardiac
involvement in hemochromatosis affects mainly the
myocardium: iron overload of the myocytes reduces left
ventricular distensibility. Heart failure is the most fre-
quent manifestation of cardiac involvement. Diagnosis
of cardiac involvement depends essentially on Doppler
echocardiography showing abnormal left ventricular fill-
ing and, later, ventricular dilatation with left ventricular
systolic dysfunction. Magnetic resonance imaging can
quantify intrahepatic and intramyocardial iron levels. The
two principal means of treatment by iron depletion are
phlebotomy in primary hemochromatosis and excretion
of iron by chemical chelation in secondary hemochro-
matosis. Early diagnosis and iron depletion improve
survival by reducing the organ iron overload, especially
in the liver and myocardium. The recent guidelines is-
sued by Anaes (national agency for health evaluation)
make it possible to identify risk factors for complications
early, to determine the disease stage, and to provide ap-
propriate management as a function of disease severity.
Combined liver transplantation and cardiac surgery may
be needed in cases of hemochromatosis with end stage
liver disease and heart failure!™™”.

Autoimmune diseases: The atypical clinical presenta-
tions of Graves’ disease (GD) include anemia, vomit-
ing, jaundice, and right heart failure. Hyperthyroidism
may present with jaundice, and on the other hand, deep
jaundice may develop with the onset of overt hyperthy-
roidism in previously compensated chronic liver disease
patients. Jaundice may be caused by hepatitis or intrahe-
patic cholestasis. Pulmonary hypertension is reported to
be associated with GD and to respond to its treatment.
GD-related pulmonary hypertension may be so severe
that it produce isolated right-sided heart failure, which is
occasionally identified as the presenting manifestation of

GD[BS].

Chronic alcoholism: Patients with chronic alcoholism
can be presented with both hepatic and cardiac compli-
cations. Actively drinking alcoholics with cirrhosis have
significantly lower mean ejection fraction and shortening
fraction, as well as a greater mean end-diastolic diameter
and left ventricular mass than abstaining alcoholics with
cirrhosis. Alcoholics admitted solely for cardiomyopathy
have a higher prevalence of cirrhosis than unselected
alcoholics without heart disease. Actively drinking alco-
holics admitted only for cirrhosis show impaired cardiac
performance, whereas abstaining alcoholics with liver
disease tend to manifest normal cardiac function". Pa-
tients with alcoholic cirrhosis should be screened for car-
diomyopathy for at least three reasons: (1) asymptomatic
systolic and diastolic dysfunctions can precede the overt
manifestation of cardiomyopathy; (2) hyperdynamic cir-
culatory syndrome may disguise the clinical expression
of initial heart failure; and (3) prevention or treatment
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of some complications of cirrhosis, such as hepatorenal
syndrome, is based on plasma expansion with albumin
and the administration of vasoconstrictors. This would
lead to deleterious effects if latent heart failure goes un-
recognizedmﬂ.

CONCLUSION

Chronic liver diseases may induce systolic and diastolic

dysfunctions in addition to electrophysiological changes,
and the prolongation of QT interval in conditions of
cirrhotic cardiomyopathy; all of these may improve com-
pletely after liver transplantations. Recent studies have
found cardiac changes in patients with NAFLD, hepati-
tis C and primary biliary cirrhosis. On the contrary, acute
and chronic heart failure have been shown to lead to
acute hepatic injury and chronic congestive hepatopathy
with manifestations of liver failure and laboratory data
specific to ischemic hepatitis or congestive hepatopathy.
There are systemic diseases that affect both the heart
and the liver, thus necessitating good cardiac and hepatic
evaluation. Collaboration between hepatologists and
cardiologists is needed in these categories of patients
for better diagnosis, treatment and prognosis. Liver and
cardiac transplantation may solve this problem in some
patients with heart and liver failure.
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Abstract

AIM: To investigate the diagnosis, pathogenesis, natu-
ral history, and management of nodular regenerative
hyperplasia (NRH) in patients with human immunodefi-
ciency virus (HIV).

METHODS: We performed a systematic review of the
medical literature regarding NRH in patients with HIV.
Inclusion criteria include reports with biopsy proven
NRH. We studied the clinical features of NRH, in partic-
ular, related to its presenting manifestation and labora-
tory values. Combinations of the following keywords
were implemented: “nodular regenerative hyperpla-
sia”, “human immunodeficiency virus”, “noncirrhotic
portal hypertension”, “idiopathic portal hypertension”,
“cryptogenic liver disease”, “highly active antiretroviral
therapy” and “didanosine”. The bibliographies of these
studies were subsequently searched for any additional
relevant publications.
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RESULTS: The clinical presentation of patients with
NRH varies from patients being completely asymp-
tomatic to the development of portal hypertension —
namely esophageal variceal bleeding and ascites. Liver
associated enzymes are generally normal and synthetic
function well preserved. There is a strong association
between the occurrence of NRH and the use of anti-
viral therapies such as didanosine. The management
of NRH revolves around treating the manifestations of
portal hypertension. The prognosis of NRH is generally
good since liver function is preserved. A high index of
suspicion is required to make a identify NRH.

CONCLUSION: The appropriate management of HIV-
infected persons with suspected NRH is yet to be out-
lined. However, NRH is a clinically subtle condition that
is difficult to diagnose, and it is important to be able to
manage it according to the best available evidence.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Human immunodeficiency virus; Nodular
regenerative hyperplasia; Ascites; Systematic review;
Liver complications

Core tip: Liver complications in patients with human
immunodeficiency virus (HIV) is emerging as a public
health concern. The appropriate management of HIV-
infected persons with suspected nodular regenera-
tive hyperplasia (NRH) is yet to be outlined. However,
NRH is a clinically subtle condition that is difficult to
diagnose, and it is important to be able to manage it
according to the best available evidence. We believe
the implications of our manuscript will have immediate
clinical implications.

Sood A, Castrejon M, Saab S. Human immunodeficiency virus
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INTRODUCTION

Nodular regenerative hyperplasia (NRH) is the diffuse
transformation of the liver parenchyma into micronod-
ules without intervening fibrosis". NRH is associated
with a number systemic diseases, including human im-
munodeficiency virus (HIV) infection, and over the past
several years, it has become an increasingly recognized

entity that causes noncirrhotic portal hypertension
(NCPH)".

The pathogenesis of NRH is thought to be vascular
in origin, initiated by endothelial damage and causing an
uneven distribution of obliteration of the small portal
venules throughout the liver parenchyma. In addition
to endothelial damage, recurrent micro-thrombosis of
the portal vasculature is also thought to contribute to the
obliterative phenomenon. These micronodules tend to
form in areas of preserved blood flow and are thought
to represent a compensatory hypertrophic response to
the neighboring acini with impaired blood flow'. The
diagnosis of NRH is definitively made with the histo-
logical presence of micronodules not greater than 3 mm
thick and without intervening fibrosis'".

The pathogenesis of NRH in HIV infection remains
unclear. Several theories have been proposed, includ-
ing a “two-hit” model in which recurrent gut bacterial
translocation to the portal tract in combination with
vascular endothelial damage ultimately results in portal
hypertension”. Other theories suggest that direct viral or
immune-mediated damage contribute to the obliterative
venopathy”. However drug-induced hepatotoxicity has
become the prevailing theory. The prolonged exposure
to highly active antiretroviral therapy (HAART), namely
didanosine (DDI) has been strongly correlated, and in all
cases of proposed HAART-associated NRH, DDI has
been present in each”™ .

The significance of the association between NRH
and HIV is underscored by the evolving patterns of dis-
ease in HIV-infected persons. Approximately 34 million
people are currently infected with the virus worldwide.
In developed nations, where individuals have ready ac-
cess to HAART the mortality of HIV is decreasing”.
The causes of death are shifting and studies have shown
that liver disease accounts for as high as 18% of deaths
in the post-HAART era"”. These findings place liver dis-
ease in the top three causes of mortality in HIV-infected
persons, out ranking opportunistic infections and ac-
quired immune deficiency syndrome (AIDS)-defining
llnesses. While hepatic viral co-infection accounts for a
majority of the liver disease in HIV patients, both alco-
holic and non-alcoholic liver diseases are also important.
Of emerging relevance, is the burden of NCPH, namely
NRH.
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The purpose of this paper is to perform a systematic
review of the clinical syndrome and outcomes in patients
with NRH specifically related to HIV. The manifesta-
tions of NRH in HIV patients are similar to those that
have previously been well defined in patients with NRH
of other etiologies. We will focus on the clinical manifes-
tations reported and suggest a methodical approach to
the HIV patient with known or suspected NRH.

MATERIALS AND METHODS

We performed a search of the MEDLINE database for
all published studies in all available languages on NRH
in HIV-infected patients. Combinations of the follow-
ing keywords were implemented: “nodular regenera-

tive hyperplasia”, “human immunodeficiency virus”,

idiopathic portal
hypertension”, “cryptogenic liver disease”, “highly active
antiretroviral therapy” and “didanosine”. The bibliog-
raphies of these studies were subsequently searched for

o«

“noncirrhotic portal hypertension”,

any additional relevant publications.

Our search yielded 68 unique hits (Figure 1). These
publications were reviewed for relevance to the topic
of interest. A total of 49 publications pertaining to the
phenomenon of NCPH in the context of HIV-infection
and its treatment were found. The papers were then re-
viewed in further detail to identify cases where the spe-
cific diagnosis of NRH was made, and cases were only
included if diagnosis was based on histologic identifica-
tion. A total of 95 cases that met our inclusion criteria
were found. We excluded any cases where the diagnosis
of NCPH was attributed to conditions other than NRH,
therefore cases of hepatoportal sclerosis (HPS) and
other obilterative portal venopathies not meeting diag-
nostic criteria for NRH were excluded. Of note, we did
include cases where both HPS and NRH were found in
the same liver. We excluded any cases where liver biopsy
was not done and therefore no definitive diagnosis of
NRH could be made.

RESULTS
Epidemiology

NRH is a rare condition, and although it has become
increasingly recognized, its epidemiology remains pootly
understood. The incidence in the general population is
approximately 2.6%, an estimate that comes from a large
autopsy study done in 1990!". The majority of the exist-
ing data is based from case reports and case series, and
the incidence appears to be increasing as NRH is be-
coming more widely recognized”. The diagnosis is fre-
quently missed as liver biopsy is usually only undertaken
in symptomatic patients and NRH often exists sub-
clinically. Moreover, diagnosis requires adequate speci-
men, appropriate use of reticulin staining and evaluation
by a skilled pathologist, making histologic confirmation
difficult"”.

The first published case of a patient with HIV found
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68 unique hits

49 publications of interest

27 publications and 95 cases

Figure 1 Flow diagram outlining methods of search. NRH: Nodular regenerative hyperplasia; HIV: Human immunodeficiency virus.

Table 1 Literature review of nodular regenerative hyperplasia in human immunodeficiency virus positive patients (biopsy confirmed)

Ref. Study type Number of patients Clinical presentation

Arey et al®" Case report 1 Abdominal distention, abdominal, pain, EV
Bihl et al™ Case report 1 Abdominal pain, ALP, ascites, EV, GIB, splenomegaly
Bissonnette et al"" Case report 2 Ascites, EV, GIB

Cachay et al™ Case series 1 ALP

Saifee et al™ Case series 11 Ascites, EV, GIB

Cesari et al™ Case control 5 Ascites, EV, GIB, splenomegaly

Cotte et al™ Case control 13 Abdominal pain, ALP, ascites, EV, GIB, splenomegaly
Alvarez Diaz et al™ Case report 2 ALP, ascites, EV, GIB

Ding et al™ Case report 1 ALP, EV, GIB, ascites

Dinh et al® Case control 3 Ascites, encephalopathy, EV
Fernandez-Miranda et al"” Case report 1 Unknown

Garvey et al™ Case report 2 EV, splenomegaly
Hofmaenner et al®™ Case report 1 Epigastric pain, ALP

Kochin et al® Case report 1 EV, GIB

Kovari et al™ Case control 1 EV

Maida et al"” Case series 2 Splenomegaly

Mallet et al'*! Case control 13 ALP, EV, GIB

Mallet et al'™” Case report Portal hypertension

Mallet et al™ Case series ALP, ascites, EV, splenomegaly
Mendizabal et al™ Case control EV, GIB

Podevin et al™

Case report
Case report
Case report
Case report
Retrospective cohort

Case report

Sandrine ef al™
Santiago et al™”
Schiano et al™

Scourfield et al
1[61]

[60]

Schouten et a

W W N Wk === =0 o=

Stebbing et al™ Retrospective cohort
Tateo et al"™ Case report
Vispo et al*” Case report

Ascites, EV, splenomegaly
ALP, ascites, EV, splenomegaly
Abdominal distention, splenomegaly
ALP, EV, splenomegaly
Unknown
EV, GIB
ALP
ALP, ascites, EV, GIB
ALP, ascites, EV, GIB

ALP: Abnormal liver panel; EV: Esophageal varices; GIB: Gastrointestinal bleed.

to have NRH was reported from Spain in 1993 in a pa-
tient with HIV infection and visceral leishmaniasis”. We
identified a total of 94 additional cases of biopsy-con-
firmed NRH in HIV-positive patients, most of which
wete reported within the last decade (Table 1). Given that
the same limitations in diagnosis apply to HIV-infected
persons, the incidence is likely grossly underestimated in
this patient population as well. Epidemiological studies
geared toward select patient populations are needed and
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may shed more light on the actual incidence of NRH in
HIV patients as well as in the general population.

Clinical presentation

The clinical presentation of the cases found was highly
variable. The diagnosis was prompted by incidental lab
abnormalities in asymptomatic patients, and in other
cases, patients presented with manifestations of portal
hypertension such as esophageal varices, ascites, and
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Table 2 Manifestations of portal hypertension in patients

with nodular regenerative hyperplasia and human immunode-
ficiency virus 7 (%)

Manifestation Patients References
identified

Ascites 30 (32) [4,12,19,20,28,33,52,53,58,60]

Esophageal varices 61 (66) [4,12,19,20,28,33,52,53,58,60]

Hepatic encephalopathy 1 (1.1) [54]

Splenomegaly 25 (27) [4,12,19,20,31,52,53,54,58,60]

Portal thrombosis 11 (12) [4,12,19,20,31,52,53,54,58]

hypersplenism (Table 1). Jaundice was universally not
reported. According to our findings, the most common
manifestation of NRH in HIV-positive patients was
esophageal varices, which were identified in at least 66
of 95 cases. Only 28 patients developed gastrointestinal
bleeding in the setting of esophageal varices (Table 2).
In many cases, once the clinical syndrome of portal hy-
pertension was identified, patients underwent screening
esophagogastroduodenoscopy and were placed on pro-
phylactic non-selective beta-blockers (NSBB) if varices
were found. Patients were reported to be on NSBB in
almost all cases.

Liver synthetic function as indicated by INR and al-
bumin is well preserved across all cases in which it was
reported. Liver associated enzymes may be only mildly
elevated (Table 3). Patients were also not uncommonly
found to have thrombophilias including protein C and
protein S deficiencies, which may be associated with the
pathogenesis of NRH and the development of portal
vein thrombosis in these patients (Table 3).

When compared to the clinical presentation of pa-
tients with NRH without HIV, similar findings have
been reported. In one recent series including 42 patients,
the most common presenting abnormality was an abnor-
mal liver profile, existing in 76% of cases. Varices were
detected in 26% of patients. None of these patients
had synthetic liver dysfunction as implicated by normal
INR"™. In another series of 24 patients, similar rates of
various clinical features of NRH were reportedm. These
findings mimic those of other similar case reports and
are also similar to the findings presented in patient’s spe-
cifically with NRH and HIV.

Diagnosis

Tthe diagnosis of NRH is a histologic one, requiring
liver biopsy. Histologic features are shown in Figure 2.
The use of a reticulin stain is usually necessary to make
the diagnosis. Important features on the reticulin stain
include: nodular apperance, characterized by alternating
hypertrophic and atrophic hepatocytes. Highlighting the
frequent delay in diagnosis, in one report of 13 patients
on HAART who developed NRH, the mean time from
presentation to diagnosis of NRH was approximately 38
mo'?. This point highlights the sub-optimal diagnosis of
NRH, leading to its under-appreciation as an important
clinical entity in the HIV population. Diagnosis is further
limited by the presence of a clear workup bias in that it
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is usually either the symptomatic patient, or the patient
with long-term DDI exposure who undergoes diagnostic
testing for NRH. Furthermore, consideration of NRH is
certainly more common in the academic settjngm].

Radiologically, the diagnosis of NRH is also difficult.
Findings are variable and range from none to diffuse hy-
poechoic nodules. On ultrasound, findings may include
widespread nodularity of the liver can mimic cirrhosis'™¥.
On computed tomography, the nodules are usually hy-
podense and typically do not enhance with contrast. Fi-
nally on magnetic resonance imaging, suface nodularity
and nodules of similar signal intensity to the liver may
be noted"”. Because the findings on imaging are non-
specific and non-diagnostic, clinical correlation is key in
determining the next best step in diagnosis.

Natural history

The natural history of NRH is poorly understood. There
is likely an inherent bias to diagnose and report symp-
tomatic cases, and NRH is likely more indolent than ap-
preciated. This notion is supported by the large autopsy
study by Wanless in which only one of 64 patients had
been diagnosed with NRH prior to death. Few of these
patients had developed manifestations of portal hyper-
tension prior to death!. These findings are likely ex-
plained by the preservation of hepatic synthetic function
observed in patients with NRH. From the available data,
the presentation of NRH is variable and ranges from
subtle findings on serum liver tests, to vague abdominal
symptoms, to overt gastrointestinal hemorrhage and
other severe manifestations of portal hypertension. To
date, the overall prognosis has not been well defined, as
there have not been substantial outcomes data reported
in the literature. In one long-term follow up study of a
cohort of eight HIV-infected patients with NCPH, there
was only one death, which was attributed to non-NCPH
related causes. The remainder of the patients underwent
regular screening EGD and was placed on NSBB therapy.
If the patients were found to have NCPH prior to the
development of variceal bleeding, they tended to remain
minimally symptomatic with supportive and preventative
care. On the other hand patients who were not treated in
a timely manner tended to develop refractory bleeding,
One patient with severe NRH required repeated TIPS
and was placed on the liver transplant waiting list while

another underwent surgical hepatorenal shunt!,

Associated conditions and medications

Nodular regenerative hyperplasia has long been associ-
ated with rheumatologic, autoimmune, hematologic and
myeloproliferative disorders. Of particular clinical
consequence is the link between NRH and thrombo-
philias. The association is theoretically attributed to the
increased chronic micro-thrombosis of the small portal
venules, leading to their constriction, obliteration and
eventually to intrahepatic portal hypertensionm. Many
of these patients are also predisposed to the develop-
ment of portal vein thrombosis, which can lead to end-
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Table 3 Select laboratory tests associated with nodular regenerative hyperplasia

Laboratory test Range References
Albumin (g/dL) 1.9-4.5 [22,28,52,54,55]
Aspartate transaminase (IU/L) 15-139 [4,8,20-22,30,31,38,54,55,59,60]
Alanine transaminase (IU/L) 13-196 [3,7,19-21,30,31,52,54,55,59,60]
Alkaline Phosphatase (IU/L) 92-541 [4,20-23,28,31,52,53,55,59,60]
Total bilrubin (mg/dL) 0.6-3.6 [21,22,31,52,54,55,59,60]
Gamma glutamyl transpeptidase (IU/L) 12-771 [4,20,22,28,31,53,55,59,60]
White blood cell count (cells/ mm’) 1090-4800 [4,21,22,28,30,31,33,53-55,60]
Hemoglobin (g/dL) 6.6-13 [22,55,60]

Platelet (1000/ mm3) 61-273 [4,22,23,52,54,55,59,60]

Figure 2 Needle liver biopsy of male infected with human immunodeficiency virus. A: His risk factor for the development of Nodular Regenerative Hyperplasia
was long term use of didanosine. Hepatocytes size varies zonally, occasional areas of small hepatocytes with increased nuclear cytoplasmic ratio alternate with areas
of a more normal appearing morphology in the hematoxylin-eosin stain (original magnification x 100); B: The reticulin stain highlights and confirms nodular regenera-
tion throughout the specimen with nodular areas of regenerative hepatocytes as characterized by widened hepatocellular plates alternating with areas of normal ap-
pearing lobular architecture and then areas of narrowed, attenuated hepatocytes (original magnification x 100).

stage disease. In one study, 12 out of 2600 persons with
HIV infection were found to have NCPH, and NRH
was a common histologic diagnosis. Of the 12 patients
with NCPH, half were found to have portal thrombo-
sis"”. Among all cases, the percentage of patients with
portal thrombosis was close to 15% (Table 2).

The association between NRH and antiretroviral ther-
apy has been identified mostly through case reports and
small case-control studies. In particular, specific associa-
tions have been made with DDI. One of the earliest
associations with DDI and NCPH and NRH was from
a case-control analysis'"™. Their findings were supported
in a number of succeeding publications*'*""*", More
recently, the results of another analysis suggested that
patients with NRH had a longer exposure not only to
DDI, but stavudine, tenofovir, and a combination of
DDI and stavudine and DDI and tenofovir as well”.,

Aside from HAART, other medications have also
been linked to NRH. Its association with azathioprine
(AZA), 6-mercaptopurine, 6-thioguanine, busulphan,
cyclophosphamide and most recently, oxaliplatin-based
therapies have also been reported”*. A presumed mech-
anism is damage of the endothelium in the small hepatic
veins leading to the phenomenon of obliterative portal
venopathy. Interestingly, in one report of AZA-induced
NRH, some patients demonstrated normalization of liver
enzyme markers and histological regression of NRH after
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withdrawal of AZAP. Such histological regression has
never been reported in the case of HAART and HIV-
associated NRH.

Treatment
There is no definitive treatment for NRH. The mainstay
of management is removal of the offending agent and
prevention and supportive care of disease manifesta-
tions. It is important to note that in many of the cases
in which NRH was linked to DDI, the exposure had
been long-since stopped prior to the time of NRH di-
agnosis. Cessation of DDI or other implicated HAART
agents may improve outcomes, however it has not been
shown to result in reversal of the disease processm]. In
part because of its associated hepatotoxicity, the use of
DDI has declined substantially and it is now regarded as
a lower-tier anti-retroviral medication"”. Although it is
clear that DDI-induced NRH does persist for years after
cessation of the medication; interruption has still been
associated with an overall better prognosisng].
Treatment of the clinical manifestations of NRH
revolves around the primary prophylaxis of esophageal
variceal bleeding in asymptomatic patients. For cases in
which details were provided, we observed that in almost
all asymptomatic cases of esophageal varices, primary
prophylaxis with NSBB was started, and propranolol
was the usual drug of choice. Many patients also under-
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went endoscopic band ligation (EBL), cither as primary
prophylaxis or after manifestation with bleeding, There
were several cases of failure of NSBB or EBL, for
which patients underwent transjugular intrahepatic por-
tosystemic shunt (TIPS). At least one of these cases was
documented as refractory and TIPS was done as bridge
to transplant“sl. In contrast to non-HIV related NRH,
ascites was not uncommonly reported in our review of
HIV patients with NRH. At least 12 cases of ascites
were reported, however the need for paracentesis was
not reported. Ascites is infrequently reported in NRH
with patients without HIv!".

The utility of anticoagulation in patients with NRH
is a burgeoning concept. Mallet ez al™ described a seties
of 21 patients with clinical evidence of prothrombotic
state in the setting of NCPH. The median protein S level
in this group was nearly half of normal. The coagula-
tion abnormalities in patients with NRH have particular
significance as suggested by Bihl ez al™ who reported
a case in which the patient’s clinical course improved
dramatically after initiation of anticoagulation. It appears
that the benefit of anticoagulation in these patients may
be multifactorial. One theory is that it slows disease pro-
gression by preventing the micro-thrombosis thought
to play a pathogenic role in NRH. In addition, given the
noted thrombophilias in these patients, anticoagulation
prevents portal vein thrombosis, which can lead to re-
fractory manifestations of portal hypertension and end-
stage liver disease™ . These findings suggest potential
benefit of anticoagulation therapy and warrant further
studies specifically in the context of NRH.

Patients with severe liver disease and intractable
symptoms of portal hypertension should be considered
for liver transplant, which has been successfully de-
scribed in 7 cases of patients with HIV and NRH",
In most of these cases, the indication for liver transplant
was severe and intractable symptoms portal hyperten-
sion, with or without complete portal vein thrombosis.
In one case, the indication to consider transplant was
hepatic encephalopathy secondary to TIPS placernentm].
All 7 patients who underwent liver transplant reportedly
had excellent survival. However, it is important to note
that there have been cases in which NRH reappears in
the transplanted liver™ although this has yet to be de-
scribed in a patient with NRH in the setting of HIV. Re-
gardless, for this reason, continued anticoagulant therapy
even after transplant may be warranted and necessitates
further investigation.

DISCUSSION

The burden of liver disease in HIV-infected persons is
substantial and a comprehensive and interdisciplinary ap-
proach to management is crucial. All HIV-positive individ-
uals should undergo regular liver function testing at least

biannually as they are routinely exposed to hepatotoxic
medications and are generally at increased risk for both
viral and non-viral hepatitidesw]. NRH should be consid-

(49

TR
JRaishideng®

WJH | www.wjgnet.com

60

ered in all HIV-positive patients with unexplained signs
and symptoms of portal hypertension. A thorough history
of past and current antiretroviral drug regimens should
be obtained as it has been shown that the effects of NRH
persist long after cessation of the offending agent.

Diagnosis of NRH requires a high index of suspi-
cion given its uncommon incidence and varied presenta-
tion of portal hypertension. Imaging techniques, such
as abdominal ultrasound or computed tomography (CT)
are frequently used to further evaluate patients with liver
disease. Hepatic nodularity may be appreciated on liver
ultrasound, and when combined with a clinical context
of relatively preserved hepatic function, NRH should re-
main high on the differential. The hepatic nodularity on
ultrasound is often followed up with CT imaging, how-
ever findings of diffuse micronodularity can also mimic
cirrhosis" .

NRH is one of the potential causes of non-cirrhotic
portal hypertension in patients with HIV. Other poten-
tial causes of non-cirrhotic intrahepatic portal hyperten-
sion include schistosomiasis, sinusoidal obstruction syn-
drome, and idiopathic portal hypertension (hepatoportal
sclerosis) ™", In particular, antiretroviral therapy has
been associated with both NRH and idiopathic portal
hypertension. It has been hypothesized that idiopathic
portal hypertension can lead to both NRH and portal
vein thrombosis™.

Accurate diagnosis of NRH requires the histologi-
cal assessment. Since the nodularity is often heteroge-
neously distributed, liver biopsy requires an ample sized
tissue. The transjugular route is often used to minimize
bleeding complicationsm]. However, there have been
cases where diagnosis was initially missed and later
found only via wedge biopsym]. Classification of non-
neoplastic, diffuse parenchymal liver disease necessi-
tates a sample of at least 2-3 cm in length and at least a
16-gauge caliber needle™”. The hepatocyte atrophy, a key
histologic feature is best identified with reticulin staining
which must be employed to make the diagnosis[m.

The pathogenesis of NRH is believe to be related to
the differential of blood supply to the liver that leaves
some areas ischemic, and other with compensatory hy-
pertrophy which leads to the formation of hepatic nod-
ules. There are multiple diseases, conditions, and medi-
cations associated with its developmentm. In contrast
to non-HIV patients, patients with HIV and NRH tend
to have a higher incidence of asictes. It is unclear why
the incidence differs but the variance may be potentially
related to the underlying cause of NRH in HIV patients
being largely pharmacologic from antiretroviral drugs.

DDI which has been most strongly linked to the de-
velopment of NRH, belongs to a class of medications
known as nucleoside reverse transcriptase inhibitors
(NRT]I). It functions as a purine analogue and interferes
with the transcription of DNA and RNA. Azathio-
prine, 6-mercaptopurine 6-thioguanine and other che-
motherapeutic agents that have been previously linked to
NRH have a similar mechanism of action™. Although
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current knowledge suggests that NRH is not a reversible
condition, several studies have shown improved out-
comes with cessation of causative medications.

Treatment of NRH generally revolves around mani-
festations of portal hypertension. Once the diagnosis
is confirmed, patients should undergo screening for
esophageal varices with esophagogastroduodenoscopy
(EGD)™. Patients with NRH should be considered for
screening for HCC. Although this remains a relatively
controversial topic, a possible pathogenetic relationshi
between NRH and HCC has been described!”**".
The inability to conclusively establish a propensity of
NRH to develop into HCC may be a result of its un-
derestimated incidence, rather than a lack of association
between the two conditions. Liver transplantation is an
uncommon treatment for NRH since liver function is
usually preserved. In a recently published systematic re-
view, the authors found severe portal hypertension as the
most common indication for liver transplantation[sﬂ.

The importance of NRH in HIV-infected individu-
als is growing, especially as patients are experiencing
increased longevity and longer exposure to medications.
High index of suspicion is required to make a diagnosis
since there are patients with HIV who develop manifes-
tations of portal hypertension such as ascites and vari-
ceal bleeding from cirrhotic and non-cirrhotic causes.
Treatment generally revolves around treating the mani-
festation of portal hypertension.

COMMENTS

Background
Nodular regenerative hyperplasia (NRH) causes portal hypertension in patients
with human immunodeficiency virus (HIV). Unlike cirrhosis, NRH is not associ-
ated with liver synthetic function. On imaging, NRH and cirrhosis appear similar
with nodular liver contours. Patients with NRH can present with ascites and
variceal bleeding.

Research frontiers

Further research in needed in the utility of non-invasive methods of making
the diagnosis of NRH. Studies are essential to determine the long term conse-
quences of NRH. More research is needed to understand the pathogenesis of
NRH.

Innovations and breakthroughs

There is increasing appreciation of the epidemiology and association of NRH
with HIV. There is also enhanced awareness of the association of certain anti-
retroviral medications such as didanosine and NRH.

Applications
The article adds to the literature the current understanding of the diagnosis, risk
factors, natural history and, management of NRH.

Terminology

The diagnosis of NRH requires a liver biopsy. Liver parenchymal cells are clus-
tered in nodules. Unlike cirrhosis, there are fibrotic bands encompassing the
nodule.

Peer review

One of the most important issues raised during peer review was that there may
be differences in the presentation in patients affected by NRH with and without
HIV. Patients with NRH and HIV are more likely to have ascites than those pa-
tients with NRH without HIV.
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sion, Acknowledgements, References, Tables, Figures, and Figure
Legends. Neither the editors nor the publisher are responsible for
the opinions expressed by contributors. Manuscripts formally ac-
cepted for publication become the permanent property of Baish-
ideng Publishing Group Co., Limited, and may not be reproduced
by any means, in whole or in part, without the written permission
of both the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors should
follow the relevant guidelines for the care and use of laboratory ani-
mals of their institution or national animal welfare committee. For
the sake of transparency in regard to the performance and report-
ing of clinical trials, we endorse the policy of the ICMJE to refuse
to publish papers on clinical trial results if the trial was not recorded
in a publicly-accessible registry at its outset. The only register now

January 27,2014 | Volume 6 | Issuel |



available, to our knowledge, is http://www.clinicaltrials.gov spon-
sored by the United States National Library of Medicine and we en-
courage all potential contributors to register with it. However, in the
case that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http:/ /www.wjgnet.com/esps/. Authots are highly recom-
mended to consult the ONLINE INSTRUCTIONS TO AUTH-
ORS (http://wwwiwijgnet.com/1948-5182/¢_info_20100316080002.
htm) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may send
an email describing the problem to bpgoffice@wijgnet.com, or by
telephone: +86-10-85381892. If you submit your manuscript online,
do not make a postal contribution. Repeated online submission for
the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde Med-
ical College, Chengde 067000, Hebei Province, China. One author
may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JE Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang I and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
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country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor
of Medicine, Chief, Liver Center, Gastroenterology Division, Uni-
versity of California, Box 0538, San Francisco, CA 94143, United
States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Abstract

There are unstructured abstracts (no less than 200 words) and struc-
tured abstracts. The specific requirements for structured abstracts
are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
tured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, e.g., 6.92 = 3.86 »s 3.61 £ 1.67,
P < 0.001), and CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

1llustrations

Figures should be numbered as 1, 2, 3, ez, and mentioned clearly in
the main text. Provide a brief title for each figure on a separate page.
Detailed legends should not be provided under the figures. This part
should be added into the text where the figures are applicable. Keep-
ing all elements compiled is necessary in line-art image. Scale bars
should be used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself. File names
should identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes in atrophic gas-
tritis after treatment. A: ...; B: .; Ci s D: s Bl Bl G Llete Tt s
our principle to publish high resolution-figures for the E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one hotizontal line under the title, a
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second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. "P < 0.05,
"P < 0.01 should be noted (P > 0.05 should not be noted). If there
are other seties of Pvalues, ‘P < 0.05 and ‘P < 0.01 are used. A third
series of P values can be expressed as P < 0.05 and ‘P < 0.01. Other
notes in tables or under illustrations should be expressed as 'E,°E,
°F; or sometimes as other symbols with a superscript (Arabic numer-
als) in the upper left corner. In a multi-curve illustration, each curve
should be labeled with @, o, m, 0, A, A, ef., in a certain sequence.
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Statistical data
Werite as mean * SD or mean * SE.

Statistical expression

HExpress 7 test as 7 (in italics), I test as I (in italics), chi square test as
x’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1948-5182/
g info_20100107115140.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations ate listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 ime or temperature, ¢ concentration, 4 area, /length,
m mass, I volume.

Genotypes: gyeA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http:/ /www.wignet.com/esps/NavigationInfo.aspxrid=15

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
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revision policies of Baishideng Publishing Group Co., Limited. The
revised version, along with the signed copyright transfer agreement,
responses to the reviewers, and English language Grade A certifi-
cate (for non-native speakers of English), should be submitted to
the online system zia the link contained in the e-mail sent by the edi-
tor. If you have any questions about the revision, please send e-mail
to esps@wjgnet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for re-
vision. (1) Grade A: priority publishing; (2) Grade B: minor language
polishing; (3) Grade C: a great deal of language polishing needed;
and (4) Grade D: rejected. Revised articles should reach Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-5182/¢_info_20100107114726.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wjgnet.com/1948-5182/
g info_20100107114601.htm.
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