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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 

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[1-3]. Ischemia 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 

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.4254/wjh.v6.i1.1
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Woolbright discusses in greater detail the cellular and 
molecular participants in post ischemic stress of  IRI[4]. 
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[5]. 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 problem[6]. 
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  in 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 Ca2+ 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 injury[7]. 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 early 

phase of  ischemia focus was directed at the resident 
macrophages of  the liver, the Kupffer cells, as possible 
mediators of  glutathione oxidation[8,9]. Given that cir-
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[8,10,11]. 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[2,12]. These 
ROS are then capable of  injuring the hepatocyte with 
the mitochondria being principal targets[13,14].

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-
tion[15]. 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[16]. 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 
the restoration of  oxygen supply thereby supporting the 
model of  IRI in that the tissue injury is amplified during 
the post ischemic stress phase[14]. 

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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animal models of  IRI have displayed promise[6]. 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 RNS 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[17], 
many studies have established the concept of  ischemic 
preconditioning (IP) in multiple organs[18-20] and across 
various species, including humans[18,21,22]. 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[3-5], 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 

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-
ing[23] 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 phase[25]. 
Mechanistic studies have revealed that adenosine, brady-
kinin, or perhaps other circulating factors signal through 
G-protein coupled receptors[26]. This initiates a signal-
ing cascade involving activation of  protein kinase C[27], 
heat shock factor 1[28], and mitogen-activated protein 
kinase[29]. 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 eNOS[30-32]. 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[33].
Attempts to translate preconditioning whether pre-, 

post-, or remote into human disease has had mixed re-
sults[34]. 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-
evance of  IP on liver transplantation outcomes[35].

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[36]. 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 via 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 IRI[37,38]. 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, iNOS 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[39]. 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 compartments[40,41]. 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[42,43]. Additionally, clinical trials of  NAC and GSH 

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[44]. 
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 
in more effective and safer strategies[45].

α-Tocopherol
α-Tocopherol is an orally administered analogue of  
vitamin E that limits lipid peroxidation. In general, 
α-tocopherol therapy studies have led to mixed results. In 
IRI of  the liver, pre-treatment of  α-Tocopherol in mice 
was shown to be protective. In humans, α-Tocopherol 
had no effect on biomarkers of  hepatic damage after 
hepatic ischemia; however, patients in the α-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 α-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[46]. 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[47,48]. 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[49]. 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-
efit and cause for further investigation[50,51].

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 via 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[52,53]. Consistent with 
protective effects of  eNOS are gene therapy studies that 
show overexpression of  this enzyme in the liver protects 
against IRI in mice[54].

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)[55]. 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[56,57] 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 re-
plete NO-signaling in areas of  ischemia[58]. 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[59-64]. 
Supporting this rationale is the protective effects of  
inhaled NO in preventing IRI and improving graft 
function in liver transplant patients[52]; 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[61].

CONCLUSION
Further appreciation of  the time course and media-
tors of  IRI has led to the discovery of  many potential 

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 IRI 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.

REFERENCES
1	 Jaeschke H. Mechanisms of reperfusion injury after warm 

ischemia of the liver. J Hepatobiliary Pancreat Surg 1998; 5: 
402-408 [PMID: 9931389 DOI: 10.1007/s005340050064]

2	 Teoh NC, Farrell GC. Hepatic ischemia reperfusion injury: 

� January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Patel RP et al . Redox therapeutics in hepatic ischemia reperfusion injury



pathogenic mechanisms and basis for hepatoprotection. J 
Gastroenterol Hepatol 2003; 18: 891-902 [PMID: 12859717 DOI: 
10.1046/j.1440-1746.2003.03056.x]

3	 Jaeschke H. Molecular mechanisms of hepatic ischemia-
reperfusion injury and preconditioning. Am J Physiol Gastro-
intest Liver Physiol 2003; 284: G15-G26 [PMID: 12488232 DOI: 
10.1152/ajpgi.00342.2002]

4	 Jaeschke H, Woolbright BL. Current strategies to minimize 
hepatic ischemia-reperfusion injury by targeting reactive 
oxygen species. Transplant Rev (Orlando) 2012; 26: 103-114 
[PMID: 22459037 DOI: 10.1016/j.trre.2011.10.006]

5	 Busuttil RW, Tanaka K. The utility of marginal donors in 
liver transplantation. Liver Transpl 2003; 9: 651-663 [PMID: 
12827549 DOI: 10.1053/jlts.2003.50105]

6	 Mendes-Braz M, Elias-Miro M, Jimenez-Castro MB, Casillas-
Ramirez A, Ramalho FS, Peralta C. The current state of 
knowledge of hepatic ischemia-reperfusion injury based on 
its study in experimental models. J biomed biotechnol 2012; 
2012: 298657 [PMID: 22649277 DOI: 10.1155/2012/298657]

7	 Massip-Salcedo M, Roselló-Catafau J, Prieto J, Avíla MA, Peral-
ta C. The response of the hepatocyte to ischemia. Liver Int 2007; 
27: 6-16 [PMID: 17241376 DOI: 10.1111/j.1478-3231.2006.01390.x]

8	 Jaeschke H, Bautista AP, Spolarics Z, Spitzer JJ. Superoxide 
generation by Kupffer cells and priming of neutrophils dur-
ing reperfusion after hepatic ischemia. Free Radic Res Com-
mun 1991; 15: 277-284 [PMID: 1666625 DOI: 10.3109/1071576
9109105223]

9	 Caldwell-Kenkel JC, Currin RT, Tanaka Y, Thurman RG, 
Lemasters JJ. Kupffer cell activation and endothelial cell dam-
age after storage of rat livers: effects of reperfusion. Hepatol-
ogy 1991; 13: 83-95 [PMID: 1988348 DOI: 10.1016/0270-9139(9
1)90219-L]

10	 Shibuya H, Ohkohchi N, Seya K, Satomi S. Kupffer cells gen-
erate superoxide anions and modulate reperfusion injury in 
rat livers after cold preservation. Hepatology 1997; 25: 356-360 
[PMID: 9021947 DOI: 10.1053/jhep.1997.v25.pm0009021047]

11	 Liu P, McGuire GM, Fisher MA, Farhood A, Smith CW, Jae-
schke H. Activation of Kupffer cells and neutrophils for reac-
tive oxygen formation is responsible for endotoxin-enhanced 
liver injury after hepatic ischemia. Shock 1995; 3: 56-62 [PMID: 
7850581]

12	 Siriussawakul A, Zaky A, Lang JD. Role of nitric oxide in 
hepatic ischemia-reperfusion injury. World J Gastroenterol 
2010; 16: 6079-6086 [PMID: 21182222 DOI: 10.3748/wjg.v16.
i48.6079]

13	 Nieminen AL, Byrne AM, Herman B, Lemasters JJ. �����Mito-
chondrial permeability transition in hepatocytes induced 
by t-BuOOH: NAD(P)H and reactive oxygen species. Am J 
Physiol 1997; 272: C1286-C1294 [PMID: 9142854]

14	 Nieminen AL, Saylor AK, Tesfai SA, Herman B, Lemasters 
JJ. Contribution of the mitochondrial permeability transi-
tion to lethal injury after exposure of hepatocytes to t-bu-
tylhydroperoxide. Biochem J 1995; 307 (Pt 1): 99-106 [PMID: 
7718000]

15	 Murphy MP. How mitochondria produce reactive oxygen 
species. Biochem J 2009; 417: 1-13 [PMID: 19061483 DOI: 
10.1042/BJ20081386]

16	 Lemasters JJ, Qian T, He L, Kim JS, Elmore SP, Cascio WE, 
Brenner DA. Role of mitochondrial inner membrane permea-
bilization in necrotic cell death, apoptosis, and autophagy. 
Antioxid Redox Signal 2002; 4: 769-781 [PMID: 12470504 DOI: 
10.1089/152308602760598918]

17	 Murry CE, Jennings RB, Reimer KA. Preconditioning with 
ischemia: a delay of lethal cell injury in ischemic myocar-
dium. Circulation 1986; 74: 1124-1136 [PMID: 3769170]

18	 Selzner N, Selzner M, Jochum W, Clavien PA. ������������� Ischemic pre-
conditioning protects the steatotic mouse liver against reperfu-
sion injury: an ATP dependent mechanism. J Hepatol 2003; 39: 
55-61 [PMID: 12821044 DOI: 10.1016/S0168-8278(03)00147-8]

19	 Cao C, Wang S, Fan L, Wan X, Liu X, Chen X. Renal protec-

tion by ischemic preconditioning is associated with p50/p50 
homodimers. Am J Nephrol 2010; 31: 1-8 [PMID: 19851061 
DOI: 10.1159/000252844]

20	 Saeki I, Matsuura T, Hayashida M, Taguchi T. Ischemic 
preconditioning and remote ischemic preconditioning have 
protective effect against cold ischemia-reperfusion injury of 
rat small intestine. Pediatr Surg Int 2011; 27: 857-862 [PMID: 
21113784 DOI: 10.1007/s00383-010-2810-3]

21	 Arai M, Thurman RG, Lemasters JJ. Contribution of adenos-
ine A(2) receptors and cyclic adenosine monophosphate to 
protective ischemic preconditioning of sinusoidal endothe-
lial cells against Storage/Reperfusion injury in rat livers. 
Hepatology 2000; 32: 297-302 [PMID: 10915736 DOI: 10.1053/
jhep.2000.8896]

22	 Azoulay D, Lucidi V, Andreani P, Maggi U, Sebagh M, Ichai 
P, Lemoine A, Adam R, Castaing D. Ischemic precondition-
ing for major liver resection under vascular exclusion of the 
liver preserving the caval flow: a randomized prospective 
study. J Am Coll Surg 2006; 202: 203-211 [PMID: 16427543 
DOI: 10.1016/j.jamcollsurg.2005.10.021]

23	 Zhao ZQ, Corvera JS, Halkos ME, Kerendi F, Wang NP, 
Guyton RA, Vinten-Johansen J. Inhibition of myocardial in-
jury by ischemic postconditioning during reperfusion: com-
parison with ischemic preconditioning. Am J Physiol Heart 
Circ Physiol 2003; 285: H579-H588 [PMID: 12860564 DOI: 
10.1152/ajpheart.01069.2002]

24	 Przyklenk K, Bauer B, Ovize M, Kloner RA, Whittaker P. 
Regional ischemic ‘preconditioning’ protects remote virgin 
myocardium from subsequent sustained coronary occlusion. 
Circulation 1993; 87: 893-899 [PMID: 7680290 DOI: 10.1161/01.
CIR.87.3.893]

25	 Dickson EW, Reinhardt CP, Renzi FP, Becker RC, Porcaro 
WA, Heard SO. Ischemic preconditioning may be transfer-
able via whole blood transfusion: preliminary evidence. J 
Thromb Thrombolysis 1999; 8: 123-129 [PMID: 10436142 DOI: 
10.1023/A:1008911101951]

26	 Peralta C, Hotter G, Closa D, Prats N, Xaus C, Gelpí E, Roselló-
Catafau J. The protective role of adenosine in inducing nitric 
oxide synthesis in rat liver ischemia preconditioning is medi-
ated by activation of adenosine A2 receptors. Hepatology 1999; 
29: 126-132 [PMID: 9862858 DOI: 10.1002/hep.510290104]

27	 Carini R, De Cesaris MG, Splendore R, Vay D, Domenicotti 
C, Nitti MP, Paola D, Pronzato MA, Albano E. Signal path-
way involved in the development of hypoxic precondition-
ing in rat hepatocytes. Hepatology 2001; 33: 131-139 [PMID: 
11124829 DOI: 10.1053/jhep.2001.21050]

28	 Ricciardi R, Shah SA, Wheeler SM, Quarfordt SH, Callery 
MP, Meyers WC, Chari RS. Regulation of NFkappaB in hepat-
ic ischemic preconditioning. J Am Coll Surg 2002; 195: 319-326 
[PMID: 12229938 DOI: 10.1016/S1072-7515(02)01229-2]

29	 Schulz R, Cohen MV, Behrends M, Downey JM, Heusch 
G. Signal transduction of ischemic preconditioning. Cardio-
vasc Res 2001; 52: 181-198 [PMID: 11684066 DOI: 10.1016/
S0008-6363(01)00384-4]

30	 Zapletal C, Fallsehr C, Reidel M, Löffler T, Gebhard MM, 
Golling M, Klar E. Induction of HSP70 shows differences in 
protection against I/R injury derived by ischemic precon-
ditioning and intermittent clamping. Microvasc Res 2010; 80: 
365-371 [PMID: 20478315 DOI: 10.1016/j.mvr.2010.05.005]

31	 Li Y, Cai M, Xu Y, Swartz HM, He G. Late phase ischemic 
preconditioning preserves mitochondrial oxygen metabo-
lism and attenuates post-ischemic myocardial tissue hyper-
oxygenation. Life Sci 2011; 88: 57-64 [PMID: 21050865 DOI: 
10.1016/j.lfs.2010.10.022]

32	 Yang C, Talukder MA, Varadharaj S, Velayutham M, Zweier 
JL. Early ischaemic preconditioning requires Akt- and PKA-
mediated activation of eNOS via serine1176 phosphoryla-
tion. Cardiovasc Res 2013; 97: 33-43 [PMID: 22977010 DOI: 
10.1093/cvr/cvs287]

33	 Rüdiger HA, Graf R, Clavien PA. ����������������������������  Sub-lethal oxidative stress 

� January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Patel RP et al . Redox therapeutics in hepatic ischemia reperfusion injury



triggers the protective effects of ischemic preconditioning in 
the mouse liver. J Hepatol 2003; 39: 972-977 [PMID: 14642614 
DOI: 10.1016/S0168-8278(03)00415-X]

34	 Gurusamy KS, Kumar Y, Sharma D, Davidson BR. Isch-
aemic preconditioning for liver transplantation. Cochrane 
Database Syst Rev 2008; (1): CD006315 [PMID: 18254099 DOI: 
10.1002/14651858.CD006315.pub2]

35	 Hausenloy DJ, Yellon DM. Remote ischaemic precondition-
ing: underlying mechanisms and clinical application. Car-
diovasc Res 2008; 79: 377-386 [PMID: 18456674 DOI: 10.1093/
cvr/cvn114]

36	 Cason BA, Gamperl AK, Slocum RE, Hickey RF. Anesthetic-
induced preconditioning: previous administration of isoflu-
rane decreases myocardial infarct size in rabbits. Anesthesiol-
ogy 1997; 87: 1182-1190 [PMID: 9366471 DOI: 10.1097/000005
42-199711000-00023]

37	 Lv X, Yang L, Tao K, Liu Y, Yang T, Chen G, Yu W, Lv H, 
Wu F. Isoflurane preconditioning at clinically relevant doses 
induce protective effects of heme oxygenase-1 on hepatic 
ischemia reperfusion in rats. BMC Gastroenterol 2011; 11: 31 
[PMID: 21453462 DOI: 10.1186/1471-230X-11-31]

38	 Zaugg M, Lucchinetti E, Spahn DR, Pasch T, Schaub MC. 
Volatile anesthetics mimic cardiac preconditioning by prim-
ing the activation of mitochondrial K(ATP) channels via 
multiple signaling pathways. Anesthesiology 2002; 97: 4-14 
[PMID: 12131097 DOI: 10.1097/00000542-200207000-00003]

39	 Beck-Schimmer B, Breitenstein S, Urech S, De Conno E, 
Wittlinger M, Puhan M, Jochum W, Spahn DR, Graf R, Cla-
vien PA. A randomized controlled trial on pharmacological 
preconditioning in liver surgery using a volatile anesthetic. 
Ann Surg 2008; 248: 909-918 [PMID: 19092335 DOI: 10.1097/
SLA.0b013e31818f3dda]

40	 Liu P, Fisher MA, Farhood A, Smith CW, Jaeschke H. Ben-
eficial effects of extracellular glutathione against endotoxin-
induced liver injury during ischemia and reperfusion. Circ 
Shock 1994; 43: 64-70 [PMID: 7834822]

41	 Knight TR, Ho YS, Farhood A, Jaeschke H. Peroxynitrite is a 
critical mediator of acetaminophen hepatotoxicity in murine 
livers: protection by glutathione. J Pharmacol Exp Ther 2002; 
303: 468-475 [PMID: 12388625 DOI: 10.1124/jpet.102.038968]

42	 Schauer RJ, Kalmuk S, Gerbes AL, Leiderer R, Meissner H, 
Schildberg FW, Messmer K, Bilzer M. Intravenous adminis-
tration of glutathione protects parenchymal and non-paren-
chymal liver cells against reperfusion injury following rat 
liver transplantation. World J Gastroenterol 2004; 10: 864-870 
[PMID: 15040034]

43	 Fusai G, Glantzounis GK, Hafez T, Yang W, Quaglia A, 
Sheth H, Kanoria S, Parkes H, Seifalian A, Davidson BR. 
N-Acetylcysteine ameliorates the late phase of liver isch-
aemia/reperfusion injury in the rabbit with hepatic steatosis. 
Clin Sci (Lond) 2005; 109: 465-473 [PMID: 15982189 DOI: 
10.1042/CS20050081]

44	 Jegatheeswaran S, Siriwardena AK. Experimental and clini-
cal evidence for modification of hepatic ischaemia-reperfu-
sion injury by n-acetylcysteine during major liver surgery. 
HPB (Oxford) 2011; 13: 71-78 [PMID: 21241423 DOI: 10.1111/
j.1477-2574.2010.00263.x]

45	 Smith RA, Adlam VJ, Blaikie FH, Manas AR, Porteous CM, 
James AM, Ross MF, Logan A, Cocheme HM, Trnka J, Prime 
TA, Abakumova I, Jones BA, Filipovska A, Murphy MP. 
Mitochondria-targeted antioxidants in the treatment of dis-
ease. Academy Sci 2008; 1147: 105-111 [PMID: 19076435 DOI: 
10.1196/annals.1427.003]

46	 Nordström G, Seeman T, Hasselgren PO. ���������������������  Beneficial effect of 
allopurinol in liver ischemia. Surgery 1985; 97: 679-684 [PMID: 
4002116]

47	 Metzger J, Dore SP, Lauterburg BH. ����������������������  Oxidant stress during 
reperfusion of ischemic liver: no evidence for a role of xan-
thine oxidase. Hepatology 1988; 8: 580-584 [PMID: 3371874 
DOI: 10.1002/hep.1840080324]

48	 Jeon BR, Yeom DH, Lee SM. Protective effect of allopurinol 
on hepatic energy metabolism in ischemic and reperfused 
rat liver. Shock 2001; 15: 112-117 [PMID: 11220638 DOI: 10.10
97/00024382-200115020-00006]

49	 Atalla SL, Toledo-Pereyra LH, MacKenzie GH, Cederna JP. 
Influence of oxygen-derived free radical scavengers on isch-
emic livers. Transplantation 1985; 40: 584-590 [PMID: 2866612 
DOI: 10.1097/00007890-198512000-00002]

50	 Yabe Y, Kobayashi N, Nishihashi T, Takahashi R, Nishikawa 
M, Takakura Y, Hashida M. Prevention of neutrophil-medi-
ated hepatic ischemia/reperfusion injury by superoxide dis-
mutase and catalase derivatives. J Pharmacol Exp Ther 2001; 
298: 894-899 [PMID: 11504782]

51	 Wheeler MD, Katuna M, Smutney OM, Froh M, Dikalova 
A, Mason RP, Samulski RJ, Thurman RG. Comparison of the 
effect of adenoviral delivery of three superoxide dismutase 
genes against hepatic ischemia-reperfusion injury. Hum ther 
2001; 12: 2167-2177 [PMID: 11779401 DOI: 10.1089/10430340
152710513]

52	 Stenager E, Knudsen L, Jensen K. Acute and chronic pain 
syndromes in multiple sclerosis. Acta Neurol Scand 1991; 84: 
197-200 [PMID: 1950460 DOI: 10.1172/JCI31892]

53	 Lang JD, Teng X, Chumley P, Crawford JH, Isbell TS, Chacko 
BK, Liu Y, Jhala N, Crowe DR, Smith AB, Cross RC, Frenette L, 
Kelley EE, Wilhite DW, Hall CR, Page GP, Fallon MB, Bynon 
JS, Eckhoff DE, Patel RP. Inhaled no accelerates restoration of 
liver function in adults following orthotopic liver transplanta-
tion. J Clin Invest 2007; 117: 2583-2591 [PMID: 17717604 DOI: 
10.1097/01.TP.0000128188.45553.8C]

54	 Duranski MR, Elrod JW, Calvert JW, Bryan NS, Feelisch M, 
Lefer DJ. Genetic overexpression of eNOS attenuates hepatic 
ischemia-reperfusion injury. Am J Physiol Heart Circ Physiol 
2006; 291: H2980-H2986 [PMID: 16877550 DOI: 10.1152/ajp-
heart.01173.2005]

55	 Kevil CG, Patel RP. Preserving vessel function during isch-
emic disease: new possibilities of inorganic nitrite therapy. 
Expert Rev Cardiovasc Ther 2008; 6: 1175-1179 [PMID: 18939904 
DOI: 10.1586/14779072.6.9.1175]

56	 Chouchani ET, Methner C, Nadtochiy SM, Logan A, Pell 
VR, Ding S, James AM, Cochemé HM, Reinhold J, Lilley KS, 
Partridge L, Fearnley IM, Robinson AJ, Hartley RC, Smith 
RA, Krieg T, Brookes PS, Murphy MP. Cardioprotection by 
S-nitrosation of a cysteine switch on mitochondrial complex 
I. Nat Med 2013; 19: 753-759 [PMID: 23708290 DOI: 10.1038/
nm.3212]

57	 Prime TA, Blaikie FH, Evans C, Nadtochiy SM, James AM, 
Dahm CC, Vitturi DA, Patel RP, Hiley CR, Abakumova I, 
Requejo R, Chouchani ET, Hurd TR, Garvey JF, Taylor CT, 
Brookes PS, Smith RA, Murphy MP. A mitochondria-tar-
geted s-nitrosothiol modulates respiration, nitrosates thiols, 
and protects against ischemia-reperfusion injury. Proc Natl 
Acad Sci USA 2009; 106: 10764-10769 [PMID: 19528654 DOI: 
10.1073/pnas.0903250106]

58	 Lundberg JO, Gladwin MT, Ahluwalia A, Benjamin N, 
Bryan NS, Butler A, Cabrales P, Fago A, Feelisch M, Ford 
PC, Freeman BA, Frenneaux M, Friedman J, Kelm M, Kevil 
CG, Kim-Shapiro DB, Kozlov AV, Lancaster JR, Lefer DJ, 
McColl K, McCurry K, Patel RP, Petersson J, Rassaf T, Re-
utov VP, Richter-Addo GB, Schechter A, Shiva S, Tsuchiya 
K, van Faassen EE, Webb AJ, Zuckerbraun BS, Zweier JL, 
Weitzberg E. Nitrate and nitrite in biology, nutrition and 
therapeutics. Nat Chem Biol 2009; 5: 865-869 [PMID: 19915529 
DOI: 10.1038/nchembio.260]

59	 Duranski MR, Greer JJ, Dejam A, Jaganmohan S, Hogg N, 
Langston W, Patel RP, Yet SF, Wang X, Kevil CG, Gladwin 
MT, Lefer DJ. Cytoprotective effects of nitrite during in vivo 
ischemia-reperfusion of the heart and liver. J Clin Invest 2005; 
115: 1232-1240 [PMID: 15841216 DOI: 10.1172/JCI22493]

60	 Kelpke SS, Chen B, Bradley KM, Teng X, Chumley P, Bran-
don A, Yancey B, Moore B, Head H, Viera L, Thompson JA, 

� January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Patel RP et al . Redox therapeutics in hepatic ischemia reperfusion injury



Crossman DK, Bray MS, Eckhoff DE, Agarwal A, Patel RP. 
Sodium nitrite protects against kidney injury induced by 
brain death and improves post-transplant function. Kidney Int 
2012; 82: 304-313 [PMID: 22534964 DOI: 10.1038/ki.2012.116]

61	 Shiva S, Sack MN, Greer JJ, Duranski M, Ringwood LA, 
Burwell L, Wang X, MacArthur PH, Shoja A, Raghavachari N, 
Calvert JW, Brookes PS, Lefer DJ, Gladwin MT. Nitrite aug-
ments tolerance to ischemia/reperfusion injury via the mod-
ulation of mitochondrial electron transfer. J Exp Med 2007; 
204: 2089-2102 [PMID: 17682069 DOI: 10.1084/jem.20070198]

62	 Okamoto T, Tang X, Janocha A, Farver CF, Gladwin MT, Mc-
Curry KR. Nebulized nitrite protects rat lung grafts from isch-

emia reperfusion injury. J Thorac Cardiovasc Surg 2013; 145: 
1108-1116 [PMID: 23142117 DOI: 10.1016/j.jtcvs.2012.04.006]

63	 Sugimoto R, Okamoto T, Nakao A, Zhan J, Wang Y, Kohmo-
to J, Tokita D, Farver CF, Tarpey MM, Billiar TR, Gladwin 
MT, McCurry KR. Nitrite reduces acute lung injury and 
improves survival in a rat lung transplantation model. Am J 
Transplant 2012; 12: 2938-2948 [PMID: 23016570 DOI: 10.1111/
j.1600-6143.2012.04169.x]

64	 Li W, Meng Z, Liu Y, Patel RP, Lang JD. The hepatoprotec-
tive effect of sodium nitrite on cold ischemia-reperfusion 
injury. J Transplant 2012; 2012: 635179 [PMID: 22530108 DOI: 
10.1155/2012/635179]

P- Reviewers: De Toni EN, Ioannis D, Pallottini V    
S- Editor: Qi Y    L- Editor: A    E- Editor: Liu XM

� January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Patel RP et al . Redox therapeutics in hepatic ischemia reperfusion injury



REVIEW

Complementary and alternative medications in hepatitis C 
infection

Dina L Halegoua-De Marzio, Jonathan M Fenkel

Dina L Halegoua-De Marzio, Jonathan M Fenkel, Division 
of Gastroenterology and Hepatology, Thomas Jefferson Univer-
sity Hospital, Philadelphia, PA 19107, United States
Author contributions: Halegoua-De Marzio DL and Fen-
kel JM both outlined, researched the topics, and wrote the 
manuscript.
Correspondence to: ����������������������   Jonathan M Fenkel, MD, Division of 
Gastroenterology and Hepatology, Thomas Jefferson Univer-
sity Hospital, 132 S. 10th Street, Suite 480, Main Building, 
Philadelphia, PA 19107, 
United States. jonathan.fenkel@jefferson.edu
Telephone: +1-215-9558900  Fax: +1-215-5032146
Received: October 9, 2013      Revised: December 22, 2013
Accepted: January 6, 2014
Published online: January 27, 2014

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.

Key words: Hepatitis C infection; Natural molecules; Di-

rect acting antivirals; Hepatotoxicity; Herbal treatments

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 numbers 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.
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INTRODUCTION
Hepatitis C virus (HCV) infection affects an estimated 
180 million people globally and is a leading cause of  
chronic hepatitis, cirrhosis, and liver cancer[1,2]. 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-α 
(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[3]. 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[4-7].

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[8]. In 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[9,10]. 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[11,12]. The Cochrane Library includ-
ed nearly 50 systematic reviews of  complementary medi-
cine interventions as of  2003[13]. 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[13]. 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 products[14]. 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 products[11,15]. 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 (Silybum 
marianum), has been used to treat chronic liver disease 
since the time of  the ancient Greeks[16]. 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[16,17]. 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[14]. 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[16]. 

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[18]. Silymarin appears to in-
hibit HCV infection at two or more different levels: (1) 

it inhibits HCV replication in cell culture; and (2) it dis-
plays anti-inflammatory and immunomodulatory actions 
that may contribute to its hepatoprotective effect[19,20]. 
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 
variety of  liver diseases have yielded inconsistent results 
and low bioavailability of  oral silymarin components[21]. 
Studies with Ⅳ silibinin have shown substantial antiviral 
effect against HCV in liver transplant recipients, and 
even in nonresponders with good safety outcomes[22-24]. 
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, is comprised of  several polyphenolic com-
pounds called catechins, and can be concentrated into 
a green tea extract (GTE). Epigallocatechin-3-gallate 
(EGCG) is the most abundant and potent catechin con-
tained within GTE, comprising typically approximately 
40% of  the total polyphenol content[25]. 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 
patients[26,27]. 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[28-34].

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 (Arkopharma, 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 injury[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[36]. Recent animal studies with high 
doses of  GTE and EGCG have described dose-depen-
dent hepatotoxicity resulting in severe morbidity and 
mortality[37]. 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[38-40]. 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 β-lipoproteins [very low density 
lipoprotein (vLDL) and low-density lipoprotein (LDL)] 
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circulating in blood[41]. 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[42]. Recent research has found that 
of  HCV secretion is dependent on both apolipoprotein 
B (ApoB) expression and vLDL assembly in a chromo-
somally integrated complementary DNA (cDNA) model 
of  HCV secretion[43].

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 vivo[44,45]. 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)[44,46]. 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 particles[43]. 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[43]. 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 Glycyrrhiza glabra, has been used for more than 20 
years as a treatment for chronic hepatitis[47]. 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[48]. In an attempt to use glycyrrhizin as a 
treatment for “allergic” hepatitis it was found to lower 
the transaminases. In a study by Suzuki et al[49] 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[50]. 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[51]. Use of  glycyrrhizin is not without side ef-
fects. It has been found to cause pseudo-aldosteronism, 
manifested by sodium retention, hypokalemia and hyper-

tension[52]. Cardiac arrhythmia and acute rhabdomyolysis 
due to severe hypokalemia caused by excess licorice con-
sumption have also been reported[52-54].

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[55-57]. 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[58,59]. Oxymatrine is considered to be an 
antifibrotic, likely through inhibition of  lipid peroxida-
tion[60-62]. 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 group[61]. 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[63-70]. 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 monotherapy[63,64]. 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[69]. 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 via 
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[71,72].

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[72]. One study found 
that mean 25-OH Vit D serum levels were significantly 
lower in CHC (25 μg/L) than in the controls (43 μg/L)[73]. 
Importantly, low Vit D has been linked to increased fi-
brosis and impaired sustained virologic response (SVR) 
in IFN-based therapy[71]. 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 CHC[74]. Regarding the underly-
ing molecular mechanisms, an in vitro study showed that 
Vit D remarkably inhibits HCV production in Huh7.5 
hepatoma cells[75]. 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[14]. 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 injury[76]. Existence of  oxidative stress 
in CHC is well documented, as oxidized protein and 
nucleic acid markers are increased and antioxidant levels 
are decreased[77-80]. Studies have shown levels of  oxidative 
stress markers to correlate with disease severity, HCV 
RNA, iron overload, and insulin sensitivity[78,79]. Oxida-
tive stress has also been shown to be an early event in 
carcinogenesis and is a risk factor for development of  
HCC in patients with chronic HCV[81]. 

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[82-93]. 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-

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[94]. 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[94]. 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[95].

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[96]. 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[15,97,98]. 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 U.S. 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[99]. 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

the HCV nucleotide polymerase inhibitor sofosbuvir[100]. 
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[101] (Table 1). Garlic extracts, grapefruit 
juice, and germander also have cytochrome P450 3A4 
interactions[102].

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. 
Poorly 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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Abstract
Causality assessment of suspected drug induced liver 
injury (DILI) and herb induced liver injury (HILI) is 
hampered by the lack of a standardized approach to 
be used by attending physicians and at various sub-
sequent evaluating levels. The aim of this review was 
to analyze the suitability of the liver specific Council 

for International Organizations of Medical Sciences 
(CIOMS) scale as a standard tool for causality assess-
ment in DILI and HILI cases. PubMed database was 
searched for the following terms: drug induced liver 
injury; herb induced liver injury; DILI causality assess-
ment; and HILI causality assessment. The strength of 
the CIOMS lies in its potential as a standardized scale 
for DILI and HILI causality assessment. Other advan-
tages include its liver specificity and its validation for 
hepatotoxicity with excellent sensitivity, specificity and 
predictive validity, based on cases with a positive reex-
posure test. This scale allows prospective collection of 
all relevant data required for a valid causality assess-
ment. It does not require expert knowledge in hepa-
totoxicity and its results may subsequently be refined. 
Weaknesses of the CIOMS scale include the limited 
exclusion of alternative causes and qualitatively graded 
risk factors. In conclusion, CIOMS appears to be suit-
able as a standard scale for attending physicians, 
regulatory agencies, expert panels and other scientists 
to provide a standardized, reproducible causality as-
sessment in suspected DILI and HILI cases, applicable  
primarily at all assessing levels involved.

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

Key words: Drug induced liver injury; Drug hepatotox-
icity; Herb induced liver injury; Herbal hepatotoxicity; 
Causality assessment

Core tip: We propose that the attending physicians car-
ing for patients with assumed drug induced liver injury 
and herb induced liver injury should use the Council 
for International Organizations of Medical Sciences 
(CIOMS) scale for causality assessment. This approach 
includes the option of subsequent refinement of the 
CIOMS based results by expert panels and regulatory 
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  
DOI: http://dx.doi.org/10.4254/wjh.v6.i1.17

INTRODUCTION
Drug induced liver injury (DILI) and herb induced liver 
injury (HILI) are complex diseases and often overdiag-
nosed[1-5]. 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[1]. Misdiagnosis was a com-
mon phenomenon in other DILI studies[2-4], including 
publications in which DILI was initially assumed, but 
hepatitis E virus infection later on evolved as the cor-
rect diagnosis[2,3]. Similarly, in a recent assessment of  
initially suspected HILI, correct diagnoses were missed 
in 278/573 cases, corresponding to 48.5%[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[6,7] or HILI[4,8-10], whereas other reports fo-
cused on various basic features like clinical course, prog-
nosis, alternative causes, case definition and phenotype 
standardization[5,11-17]. 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[18-20]. 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 

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[21,22], as has been summarized recently[10,14,23-25]. For 
DILI and HILI case reports, the CIOMS scale based 
on international consensus meetings[21,22,26,27] is the com-
monly applied method to assess causality[4,5,10,14,23,24,28,29]. 
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[4,14,24] 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 Or-
ganizations of  Medical Sciences (CIOMS), with details 
published in 1993[21,22]. 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[26] and qualitative CIOMS method of  
1990[27]. The basis for the CIOMS scale was provided 
by eight experts in hepatology from 6 countries and in-
cluded J P Benhamou (France), J Bircher (Germany), G 
Danan (France), W C Maddrey (United States), J Neu-
berger (United Kingdom), F Orlandi (Italy), N Tygstrup 
(Denmark) and H J Zimmerman (United States)[21]. This 
expert panel evaluated DILI cases for case characteris-
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tics, hepatotoxicity criteria, liver injury pattern and reex-
posure criteria, standardized DILI case assessment with 
specific, quantitative items[21], and the experts validated 
their method with established positive reexposure DILI 
case results[22]. 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[29], 
with modifications of  the CIOMS scale based on im-
proved diagnostic instruments[14].

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 easily 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 HILI, 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[24,30-33], 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 HILI, 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[4,24]. The CIOMS items are spe-
cially tailored to liver injury and not applicable to liver 
unrelated adverse drug reactions[24]. All current core ele-
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/herbs; search for alternative 
causes, previously known drug/herb hepatotoxicity; and 
response to unintentional reexposure[21-25] based on spe-
cific criteria (Table 4). The individual items are transpar-
ent and facilitate quick and precise answers.

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

and scoring (Tables 1 and 2)[4,5,10,14,21,23,24,29]. Each 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)[12,24,30-32].

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[21]. 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[14]. Whereas the DILI Expert Working 
Group recommendations were based on expert opinion 
alone[14], those of  the CIOMS expert panel were derived 
from both expert opinion and assessment of  reference 
reexposure DILI cases[21,22].

Raising the ALT cut off  to 5N increases the specific-
ity of  the hepatotoxicity causality assessment[24], 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)[24]. 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 overreporting[8,12,17,24,34-48]. 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 activity[36]. 
None withstanding, regulatory assessment attributed 
a possible causality for the incriminated herb to all 22 
cases[36,42]. In other spontaneous case collections, initial 
ALT values were available in 5/24 cases (21%)[35], 19/22 
cases (86%)[37], 12/15 cases (80%)[38], and 7/13 cases 
(54%)[39]. The corresponding figures for ALT in pub-
lished case reports of  HILI were 16/16 cases (100%)[35], 
21/21 cases (100%)[32], and 5/8 cases (63%)[33]. 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)[6]. 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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fialuridine hepatotoxicity[14]. Aspartate aminotransferase 
(AST) activities may be used instead if  ALT activities 

are unavailable[14,44,45] and other pathologies for AST 
increases are excluded[14]. ALP increases should be paral-
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The CIOMS scale is based on the original CIOMS scale[21] and was adapted from previous modifications[4,14,23,24,44,45]. 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[14,44,45]. 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. 

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 > 90 d (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 30th day  0 -
   Decrease < 50 % after the 30th 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 □ -
   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 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 Ⅱ
   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  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

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
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leled by γ-glutamyltranspeptidase (γGT) to rule out iso-
lated increases of  ALP activities due to bone rather than 
hepatobiliary disease. However, γGT alone is not an ap-
propriate parameter for liver cell injury[14,36], contrary to 
published claims[42]. In addition, isolated hyperbilirubine-
mia is not DILI or HILI specific and may be caused by 

Gilbert’s syndrome[1,14].

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 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 Tick if negative -
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 
   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 Ⅱ
   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  1 -
   Reaction unknown  0 -
7 Response to unintentional readministration
   Doubling of ALP with the drug/herb alone, provided ALP below 5N before reexposure  3 -
   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 -2 -
   Other situations  0 -
Total score for patient

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

□ □ □ -

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

□ □ □ -

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

□ □ □ -

Autoimmune hepatitis (AIH) type Ⅰ - Gamma globulins, ANA, SMA, AAA, SLA/LP □ □ □ -
Autoimmune hepatitis (AIH) type Ⅱ - Gamma globulins, anti-LKM-1 (CYP 2D6), anti-LKM-2 (CYP 2C9), anti-
LKM-3 

□ □ □ -

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

□ □ □ -

Toxin Screening - cocaine, ecstasy and other amphetamines □ □ □ -
Rare intoxications - toxin screening for household and occupational toxins □ □ □ -
Hereditary hemochromatosis - serum ferritin, total iron-binding capacity, genotyping for C2824 and H63D muta-
tion, hepatic iron content

□ □ □ -



therefore provides two different subscales[21,23,24] for the 
hepatocellular type of  injury (Table 1) and for the chole-
static or mixed type (Table 2). These types are differenti-
ated by the ratio R, calculated as the ALT/ALP activity 
measured at the time liver injury is suspected, with both 
activities expressed as multiples of  N[21,24]. Injury is he-
patocellular, if  only ALT > 2N, alternatively if  R ≥ 5; 
cholestatic injury is assumed, if  only ALP > 2N or R ≤ 
2; mixed damage is prevalent, if  ALT > 2N and ALP is 
increased, with R > 2 and R < 5[21,23,24]. Of  note, R may 

vary during the later course of  the liver injury indepen-
dent from the initial attribution of  damage type.

Time to onset from the beginning of the drug/herb
Clear challenge criteria are defined with a time frame 
between beginning of  the drug/herb use as the first day 
of  intake and the onset of  increased liver enzymes or 
symptoms at the time of  ongoing use, with a high score 
for 5-90 d and a lower one for < 5 d or > 90 d (Tables 
1 and 2). If  drug/herb use has been terminated prior to 
the onset of  challenge criteria, then this specific condi-
tion must be considered and scored exclusively. Scoring 
is only possible when the onset occurs within 15 d after 
cessation for the hepatocellular injury (Table 1) or 30 d 
for the cholestatic or mixed type (Table 2), a longer in-
terval commonly excludes causality (Tables 1 and 2). An 
exemption is provided for slowly metabolized chemicals 
like amiodarone, leflunomide and clavulanate[44,45]; no 
definitive time frame can be provided in these cases due 
to varying half  lives. The time frame of  challenge and 
latency period were neither specified nor individually 
scored by other causality assessment methods[4,24], includ-
ing the DILIN method[49,50].

Course of liver enzymes after cessation of the drug/herb
Precise dechallenge criteria are cornerstones of  the CI-
OMS scale and facilitate causality assessment (Tables 1 
and 2). In analogy to the periods mentioned, the physi-
cian can easily determine relevant future time points 
for repeated liver enzyme tests. When dechallenge data 
are missing in retrospective analyses, the CIOMS scale 
considers this and provides 0, but not negative points, so 
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Wilson’s disease - copper excretion (24 h urine), ceruloplasmin in serum, free copper in serum, coombs-negative 
hemolytic anemia, hepatic copper content, Kayser-Fleischer-Ring, neurologic-psychiatric work-up, genotyping

□ □ □ -

Porphyria - corphobilinogen in urine, total porphyrines in urine □ □ □ -
α1 - antitrypsin deficiency - α1- Antitrypsin in serum □ □ □ -
Biliary diseases - clinical and laboratory assessment, hepatobiliary sonography, endosonography, CT, MRT, MRC □ □ □ -
Pancreatic diseases - clinical and laboratory assessment, sonography, CT, MRT □ □ □ -
Celiac disease - TTG antibodies, endomysium antibodies, duodenal biopsy □ □ □ -
Anorexia nervosa - clinical context □ □ □ -
Parenteral nutrition - clinical context □ □ □ -
Cardiopulmonary diseases with shock liver (cardiac hepatopathy, ischemic hepatitis) - cardiopulmonary assess-
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 □ □ □ -
Thyroid diseases - TSH basal, T4, T3 □ □ □ -
Grand mal seizures - clinical context of epileptic seizure (duration > 30 min) □ □ □ -
Heat stroke - shock, hyperthermia □ □ □ -
Polytrauma - shock, liver injury □ □ □ -
Systemic diseases - specific assessment of M. Boeck, amyloidosis, lymphoma, other malignant tumors, sepsis, and 
others

□ □ □ -

Graft vs host disease - clinical context □ □ □ -
Other diseases - clinical context □ □ □ -

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.

Table 4  Conditions of unintentional reexposure tests in drug 
induced liver injury and herb induced liver injury cases

Reexposure test result  Hepatocellular type 
of liver injury

Cholestatic or mixed 
type of liver injury

ALTb ALTr ALPb  ALPr

Positive < 5N ≥ 2ALTb < 5N ≥ 2ALPb
Negative < 5N < 2ALTb < 5N < 2ALPb
Negative ≥ 5N ≥ 2ALTb ≥ 5N ≥ 2ALPb  
Negative ≥ 5N < 2ALTb ≥ 5N < 2ALPb  
Negative ≥ 5N NA ≥ 5N NA
Uninterpretable < 5N NA < 5N NA
Uninterpretable NA NA NA NA

Conditions and criteria for an unintentional reexposure test are described 
in previous reports[4,21,22,24,26,27]. ����������������������������������������     Accordingly, required data for the hepa-
tocellular type of liver injury are the ALT levels just before reexposure, 
designed as baseline ALT or ALTb, and the ALT levels during reexposure, 
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-
pretable results. ���������������������������������������������������������         For the cholestatic or mixed type of liver injury, corre-
sponding values of ALP are to be used rather than of ALT. �������������� ALP: Alkaline 
phosphatase; ALT: Alanine aminotransferase; NA: Not available.
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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[49,50] or by virtually any of  the other methods[4,24].

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)[21], as sug-
gested by DILI cases with positive reexposure[21,22]. 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)[14]. This limit is in line with the recom-
mendations of  NIH LiverTox equalling 1 drink to 10 g 
ethanol[44,45].

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)[12,30,32,36-39,46-48]. In 
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 6). 
In the single case (patient 16), alcohol as risk factor 
raised the overall CIOMS scoring from 0 to +01 point, 
i.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)[12,30,32,

36-39,46-48]. In 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, i.e., 
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, 

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[4,24,49,50], including the DILIN 
method[49,50]. 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 algorithm[14].

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 transparency, 
each comedicated drug or herb requires a separate analy-
sis by the complete CIOMS scale. This is feasible and 
easily tabulated (Table 7)[30,47,48]. 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[45]. Complications of  underlying 
disease(s) are exemplified, such as sepsis, autoimmune 
hepatitis, chronic hepatitis B or C, primary biliary cir-
rhosis and sclerosing cholangitis and genetic liver diseases 
(Tables 1 and 2), in accordance with recent suggestions[45]. 
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)[24].

To improve its performance when used as an inves-
tigational tool, criteria for competing liver injury causes 
have been proposed for the CIOMS scale[14,29,44,45,49,50] 
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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 (n ) Cases scored with risk factors (n ) Total cases scored with risk factors 
n (%)

Cases with references

Alcohol Age Alcohol + Age
Kava   26 0   6 1   7 (26.9) Cases 2, 4, 10, 17, 20, 24, 26[12]

Kava     5 0   3 0   3 (60.0) Cases 1-3[46]

Ayurvedic herbs     1 0   1 0     1 (100.0) Case 1[30]

Black cohosh     4 2   1 0   3 (75.0) Cases 2, 3, 4[47]

Black cohosh     9 1   1 0   2 (22.2) Cases 4, 9[48]

Black cohosh   22 4   2 0   6 (27.3) Cases 2, 8, 10, 16, 17, 21[36] 
Greater Celandine   22 1   9 0 10 (45.5) Cases 3, 5, 8, 11, 14-18, 21[37]

Greater Celandine   21 0   7 0   7 (33.5)  Cases 4,9, 11, 16-18, 20[32] 
Pelargonium sidoides   15 0   3 0   3 (20.0) Cases 1, 7, 14[38]

Pelargonium sidoides   13 0   7 0   7 (53.9) Cases 2, 3, 5, 8, 9, 11, 13[39]

Herbalife     8 0   3 0   3 (37.5) Cases 1, 2, 4[33]

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.
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and were included in the updated CIOMS scale (Tables 
1 and 2)[24]. 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[23,24]. The update of  the original 
CIOMS scale substantially improved specificity, i.e., 

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 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[12]

Kava + +    -1/Excluded    -3/Excluded 0 Case 4[12] 

Kava 0 +  +1/Unlikely     0/Excluded ↓   Case 10[12] 

Kava 0 +    -1/Excluded    -2/Excluded 0   Case 17[12] 

Kava 0 +  +8/Probable  +7/Probable 0   Case 20[12] 

Kava 0 +    -1/Excluded    -2/Excluded  0   Case 24[12] 

Kava 0 +    -1/Excluded    -2/Excluded 0   Case 26[12] 

Kava 0 + +5/Possible +4/Possible 0 Case 1[46]

Kava 0 +  +6/Probable +5/Possible  ↓ Case 2[46] 
Kava 0 +  +8/Probable  +7/Probable 0 Case 3[46]

Ayurvedic herbs 0 +  +8/Probable  +7/Probable 0 Case 1[30]

Black cohosh 0 +    -2/Excluded    -3/Excluded 0 Case 1[47]

Black cohosh + 0    -2/Excluded    -3/Excluded 0 Case 2[47]

Black cohosh + 0    -3/Excluded    -4/Excluded 0 Case 3[47]

Black cohosh 0 +  +1/Unlikely      0/Excluded ↓   Cases 4[48]

Black cohosh + 0 +1/Unlikely      0/Excluded ↓ Case 9[48]

Black cohosh + 0    -1/Excluded     2/Excluded 0 Case 2[36]

Black cohosh 0 +    -1/Excluded    -2/Excluded 0 Case 8[36]

Black cohosh 0 +    -1/Excluded    -2/Excluded 0   Case 10[36]

Black cohosh + 0     0/Excluded    -1/Excluded 0   Case 16[36]

Black cohosh + 0     0/Excluded    -1/Excluded 0   Case 17[36]

Black cohosh + 0    -2/Excluded    -3/Excluded 0   Case 21[36]

Greater Celandine 0 +               +9/Highly probable  +8/Probable ↓ Case 2[37] 
Greater Celandine 0 +             +10/Highly probable               +9/Highly probable 0 Case 5[37]

Greater Celandine 0 +  +6/Probable +5/Possible ↓ Case 8[37]

Greater Celandine 0 +  +5/Possible +4/Possible 0   Case 11[37]

Greater Celandine 0 +  +8/Probable  +7/Probable 0   Case 14[37]

Greater Celandine 0 + +5/Possible +4/Possible 0   Case 15[37]

Greater Celandine 0 +    -1/Excluded    -2/Excluded 0   Case 16[37]

Greater Celandine 0 +  +8/Probable  +7/Probable 0   Case 17[37]

Greater Celandine 0 +      0/Excluded    -1/Excluded 0   Case 18[37]

Greater Celandine + 0 +4/Possible +3/Possible 0   Case 21[37]

Greater Celandine 0 + +5/Possible +4/Possible 0 Case 4[32]

Greater Celandine 0 +  +6/Probable +5/Possible ↓ Case 9[32]

Greater Celandine 0 + +3/Possible +2/Possible 0   Case 11[32]

Greater Celandine 0 +  +7/Probable  +6/Probable 0   Case 16[32]

Greater Celandine 0 +  +7/Probable  +6/Probable 0   Case 17[32]

Greater Celandine 0 + +5/Possible +4/Possible 0   Case 18[32]

Greater Celandine 0 +  +7/Probable  +6/Probable 0   Case 20[32]

Pelargonium sidoides 0 +     0/Excluded    -1/Excluded 0 Case 1[38]

Pelargonium sidoides 0 +  +2/Unlikely  +1/Unlikely 0  Case 7[38]

Pelargonium sidoides 0 +  +1/Unlikely      0/Excluded ↓   Case 14[38] 
Pelargonium sidoides 0 +  +1/Unlikely      0/Excluded ↓ Case 2[39]

Pelargonium sidoides 0 + +4/Possible +3/Possible 0 Case 3[39]

Pelargonium sidoides 0 +      0/Excluded    -1/Excluded 0 Case 5[39]

Pelargonium sidoides 0 +      0/Excluded    -1/Excluded 0 Case 8[39]

Pelargonium sidoides 0 +  +2/Unlikely  +1/Unlikely 0 Case 9[39]

Pelargonium sidoides 0 +  +2/Unlikely  +1/Unlikely 0   Case 11[39]

Pelargonium sidoides 0 +     0/Excluded    -1/Excluded 0   Case 13[39]

Herbalife 0 +  +7/Probable  +6/Probable 0 Case 1[33]

Herbalife 0 +  +2/Unlikely  +1/Unlikely 0 Case 2[33]

Herbalife 0 +  +2/Unlikely  +1/Unlikely 0 Case 4[33]

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.
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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 
corylifolia

Acacia 
catechu 

Eclipta 
alba

Vetivexia 
zizaniodis

1 Time to onset from the beginning of the herb 5-90 d (rechallenge: 1-15 d)  2
   < 5 or > 90 d (rechallenge: > 15 d )  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  3 3 3 3 3
   Decrease ≥ 50% within 30 d  2
   No information or continued herbal use  0       
   Decrease ≥ 50% after the 30th day  0
   Decrease < 50% after the 30th 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 0 0 0 0
   Age ≥ 55 yr  1 1 1 1 1
   Age < 55 yr  0
4 Concomitant herbs(s) and drug(s)
   None or no information  0
   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 
   suggestive time to onset

-2 -2 -2 -2

   Concomitant herb or drug with evidence for its role in this case (positive 
   rechallenge or validated test)

-3

5 Search for non 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 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 Ⅱ
   All causes-groups Ⅰ and Ⅱ - reasonably ruled out  2 2 2 2 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 herb cause highly probable -3
6 Previous information on hepatotoxicity of the herb
   Reaction labelled in the product characteristics  2
   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  3
   Doubling of ALT with the herb(s) and drug(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 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[30], 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[21] 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)[24]. 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[32,33,36-39]. 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[44,45].

Response to unintentional readministration
To classify an unintentional reexposure test as positive, 
few criteria are required (Tables 1 and 2), as specified 
(Table 4)[21,22,24,26,27]. 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
Each item of  the CIOMS scale receives an individual 
score 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)[21].

Sensitivity, specificity and predictive value
Cases with positive reexposure tests were proposed for 
validation of  the CIOMS scale and used as gold stan-
dard[22]. 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[22]. Most importantly, 
the discriminative power of  the score was quantified 

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[51], confirming the validation 
of  the CIOMS scale.

The interrater reliability of  CIOMS assessment was 
good by one group[52] but mediocre by the DILIN 
group[49]. 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’’[49]. 
Considering these limitations and numerous confounding 
variables, poor case data quality likely results in mediocre 
assessment quality, including low interrater reliability[49]. 
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[49]. 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[11,49]. In another study comparing the 
CIOMS scale with the DILIN method, there was consid-
erable interobserver variability in both methods[50].

Usage frequency
The CIOMS scale for hepatotoxicity assessment in its 
original or updated form[4,5,10,14,23,24,28,29] has been exten-
sively used in epidemiological studies, clinical trials, case 
reports, case series, regulatory analyses and genotyping 
studies[4]. Additional efforts are still needed to reevaluate 
causality in most HILI reports for 60 different herbs and 
herbal products[53]. CIOMS based results were published 
by the DILIN group[49,50] and by the European Medi-
cines Agency (EMA)[54]. Individual studies[10,16,55,56], the 
NIH LiverTox[44,45], the international DILI Expert Work-
ing Group[14], the Spanish Group for the Study of  Drug-
Induced Liver Disease[29], and the Hong Kong Herb-
Induced Liver Injury Network (HK-HILIN)[57] 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[28] and HILI (Table 8)[5], seen for 
573 cases from 23 HILI reports evaluating alternative 
causes[12,32,34,36-39,42,43,47,48,54,57-67].

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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corresponding causality levels, to improve data transpar-
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[24,30,31] or case 
series[12,24,32]. 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.

Comparison to precursor scales
The CIOMS scale resulted from intensive expert discus-
sions[21], integrating medical progress and improving the 
initial qualitative RUCAM[26] and the qualitative CIOMS 
method[27]. 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[26]. As an improved version of  the qualita-
tive RUCAM[26], the qualitative CIOMS method differ-
entiated the hepatocellular, the cholestatic and the mixed 
type of  liver injury[27]. However, both the qualitative 

RUCAM[26] and the qualitative CIOMS method[27] were 
not quantitative, as opposed to the current quantitative 
CIOMS scale[21] that is now the preferred tool[24].

Other liver specific methods
The scale of  Maria and Victorino (MV)[68] 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[68]. Compared to the original CIOMS scale[21], 
the MV scale[68] showed shortcomings and the results are 
not equivalent, causing major concern[10,14,23,24,29,44,45,69-71]. 
This may explain why the MV scale was used in a few 
DILI studies[1,72,73], but not in 38 other publications of  
DILI cases[28] or in 23 publications of  HILI cases[5]. The 
MV scale is not commonly recommended for assessing 
causality in assumed DILI and HILI cases and is cer-
tainly no substitute for the CIOMS scale[24].

The TTK scale[25], named for the first three authors 
Takikawa, Takamori, Kumagi et al[74], is a modification 
of  the CIOMS scale[21] with different evaluations of  
the chronology, exclusion of  comedication, inclusion 
of  the drug lymphocyte stimulation test (DLST) and 
of  eosinophilia in their assessment system[74,75]. The 
TTK scale is widely used in Japan[74], as recently re-
viewed[75]. In other countries, this scale is not or rarely 

28 January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Table 8  Compilation of causality assessment methods used in suspected herb induced liver injury cases

Herbs/Herbal products Ad hoc 
(n)

WHO 
(n)

CIOMS 
(n)

Naranjo
(n)

DILIN
(n)

KL
(n)

Ref.

Kava 20 BfArM[58] 
Kava   30 Denham et al[59]

Kava 20 Teschke et al[60]

Kava   36 Stickel et al[61]

Kava   80 Schmidt et al[62]

Greater Celandine 23 BfArM[63] 

Black cohosh   31 EMA[54]

Herbalife products   12 Elinav et al[64]

Herbalife products   12 Schoepfer et al[65]

Kava   26 Teschke et al[12]

Black cohosh 30 Mahady et al[42]

Green tea 34 Sarma et al[43]

Black cohosh     4 Teschke et al[47]

Black cohosh     9 Teschke et al[48]

Kava   31 Teschke[34]

Hydroxycut 17 Fong et al[66]

Black cohosh   22 Teschke et al[36] 

Greater Celandine   22 Teschke et al[37]

Herbalife products 20 Manso et al[67]

Various herbs   45 Chau et al[57]

Greater Celandine   21 Teschke et al[32]

Pelargonium sidoides   15 Teschke et al[38]

Pelargonium sidoides   13 Teschke et al[39]

Sum (n) 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 (n = 573) comprising the study cohort[5]. 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.
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considered[5,10,14,24,28,29,44,45,76]. Limited access and lack of  
standardization have prevented general clinical use of  
the DLST and consequently TTK scale applications 
outside Japan[29]; this may be due to methodological dif-
ficulties with false positive and false negative cases in the 
DLST[25,75]. For clinicians, the TTK scale cannot replace 
the CIOMS scale[25].

The DILIN method provided by the DILIN group 
requires an expert panel[3,6,11,24,44,45,49,50,77,78], in contrast 
to the CIOMS scale[21,24]. Consequently, the DILIN 
method is of  limited availability to physicians in need 
of  early results for therapeutic decisions[24]. In particu-
lar, the DILIN method is not an appropriate substitute 
for the CIOMS scale, nor are other expert panel based 
approaches[24]. This includes the �����������������������  novel Causality Assess-
ment Tool (CAT) specifically designed for herbs and di-
etary supplements (HDS), which was presented as an ab-
stract[15]. As opposed to CIOMS based results with trans-
parent data presentation (Table 7)[12,30,32,36-39,47,48,71], publi-
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[3,6,11,49,50,77,78]. 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.

Liver unspecific methods
In contrast to the liver specific core elements of  the origi-
nal and updated CIOMS scale (Tables 1 and 2)[4,21-24], nu-
merous causality algorithms are liver unspecific[4,24,76,79,80], 
including the Naranjo scale[81], the World Health Organi-
zation (WHO) global introspection method as the WHO 
method in short[82], and the KL method of  Karg and 
Lasagna[83]. Particularly intensive discussions focused on 
the Naranjo scale[4,24,25,84-87], the WHO method[4,24,84,87], and 
the KL method[24,25]. 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[14,44,45]; 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)[30].

Dechallenge criteria
Missing ALT dechallenge data are factored as 0 points 
given (Table 1); this condition has been interpreted as a 

limitation of  the CIOMS scale[14]. Retrospective studies 
commonly lack dechallenge results[6,12,32,34-39] which are 
included in prospective evaluations (Table 7)[30]. 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, 0 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[21]. Diabetes, metabolic syn-
drome, sex, ethnicity and body mass index[14], as well as 
genetic predisposition[29], are also proposed as potential 
risk factors; the lack of  inclusion in the CIOMS scale 
has been considered as a limitation[14,29]. 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)[24].

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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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.

Ozturk Y, Soylu OB. Fatty liver in childhood. World J Hepatol 
2014; 6(1): 33-40  Available from: URL: http://www.wjg-
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org/10.4254/wjh.v6.i1.33

INTRODUCTION
Fat is stored as triglyceride (TG) in human liver. Steato-
sis is defined as fat accumulation in hepatocytes and is 
seen in many liver diseases[1-3].

Nonalcoholic fatty liver disease (NAFLD) defines the 
spectrum of  histological changes in liver in which mac-
rovesicular steatosis is outstanding[3]. 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[4-6].

In many ways, the NASH pattern and characteristics 
differ between children and adults[7]. 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[8]. These children are younger and 
more obese compared to children displaying type 1 pat-
tern. Type 2 NASH is more common in boys than girls. 
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[9].

There has been an increase in NAFLD frequency 
in the last 30 years [1,8-11]. Nowadays, NAFLD is the 
most common form of  liver disease in children[7]. A 
chronic obesity associated condition, NAFLD can lead 
to cirrhosis and liver failure over time[8]. It is also an 
independent risk factor for cardiovascular disease and 
liver cancer[9]. Studies have demonstrated differences in 
NAFLD prevalence rates across race/ethnicity, gender 
and weight status[12-14].

EPIDEMIOLOGY
In developed countries, hepatosteatosis is seen in 20%-30% 
of  an unselected population[15]. 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[16].

The frequency of  NASH is considered to be 2%-3%. 
It is reported that 10%-29% of  NASH cases develop 
cirrhosis in 10 years[17]. Cirrhosis may progress to liver 
cancer. Hepatocellular carcinoma may occur in 4%-27% 
of  the individuals with NASH-induced cirrhosis[18-20].

Since childhood obesity became epidemic in devel-
oped countries, NAFLD became the most common 
cause of  chronic liver disease in pediatrics[7].

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: 1[7,20-23].

It is suggested that NAFLD prevalence increases 
with age, with a mean age at diagnosis between 11 and 
13 years[24]. This tendency is explained by adolescent 
hormonal changes which result in an increase in serum 
insulin levels and fat accumulation in the liver[25,26].

Obesity and insulin resistance are the most common 

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[27-35].

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[28]. It is suggested that long term 
survival of  NAFLD pediatric patients is shorter than 
non-affected patients[29].

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 
problems[1].

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 95th percentile 
or more than 55 mg per gram of  liver tissue in a healthy 
lean person[2]. 

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 appearance[3].

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, kwashiorkor, 
AIDS, total parenteral nutrition therapy, phosphorus in-
toxication and steroid treatment[3].

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%[1,5]. 

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[1,36]. 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[1,37]. 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[38-40].

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[41].

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[42]. 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[43]. Hepatic fat accumulation leads 
to exacerbating insulin resistance by interfering with 
phosphorylation of  insulin receptor substrates[44]. 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[45]. 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 fibrogenesis[46].

Hepatic progenitor cell activation is correlated with 
fibrosis and NASH progression[47]. 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 

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-inflammatory cytokines and an in-
crease in the release of  pro-inflammatory molecules[48]. 
Tumor necrosis factor-α and interleukine-6 levels are 
elevated in the liver and blood of  NASH patients. These 
cytokines are involved in Kupffer and hepatic stellate cell 
activation in myofibroblasts[49]. NAFLD results from the 
relationship between multiple organs, including adipose 
tissue, liver, gut and the pancreas[50,51].

CLINICAL FINDINGS
Most of  the cases are asymptomatic but nonspecific symp-
toms like abdominal pain may be present[30]. 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  NAFLD[30,31].

Obesity is distinctive[7-15,31]. In adults, 10%-75% of  fat-
ty liver occurs with insulin resistant type 2 diabetes. Fatty 
liver is defined in poorly regulated type 1 diabetes (Mauriac 
syndrome) in children. Children with typical NAFLD 
have insulin resistance with hyperinsulinemia but they 
are euglycemic. Type 2 diabetes mellitus is present in 
5.5% of  NASH cases[15,32]. 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[33-35].

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 Alström syndrome. 
Liver fibrosis is reported in Turner’s syndrome. Also, in 
lipodystrophy, cases are present with cirrhosis with liver 
transplantation[35,52].

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 

35 January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Ozturk Y et al . Fatty Liver



not present[32-57]. Serum IgG and nonspecific tissue auto-
antibodies imply autoimmunity. Mostly, the anti-smooth 
muscle antibody is positive at low titer[52-54].

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  
NAFLD[54]. 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[15,55-57]. 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 μg/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[58]. 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[59-71]. 
However, adiponectin and tumor necrosis factor-alpha 
gene polymorphism were not shown to be associated 
with NAFLD or significant fibrosis in Chinese people[72]. 

Urea, electrolytes, 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[72]. 

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-
er[73]. 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[15]. 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[74,75].

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[74-81].

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 

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[30,82].

TREATMENT
In childhood, fatty liver does not have a proven treat-
ment[83]. 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[86-88]. Vitamin E or metformin is not efficient in 
fatty liver in children[89].

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[11,90-94].

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[92]. Thiazolidinedione is reported 
to improve steatosis and inflammation but causes severe 
weight gain[85].

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 NAFLD[9,66,71,95,96].

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 
calorie restriction[96-98]. In the management of  obesity, 
family based behavior therapies increase success. The 
other valuable factor is exercise because it decreases hy-
perinsulinemia[99-101].

36 January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Ozturk Y et al . Fatty Liver



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 

review highlights these hepatocardiac diseases

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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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.
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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[1,2].

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[3,4]. 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 improved[5]. This 
review highlight the liver diseases affecting the heart, 
heart diseases affecting the liver and some systemic dis-
eases 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[6]. A role of  direct effect of  
HCV core proteins was suggested in the pathogenesis of  
cardiomyopathy[7]. 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[8]. 
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[9].

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 char-
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 inflammation and dys-
metabolic milieu. Interestingly, interferon-based therapies 

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[10-12]. 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[13-15]. Baroreflex 
has been shown to be an important determinant of  
electrical stability in the heart and can predict increased 
mortality and end-organ damage[16-19]. 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[20-22]. 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[23]. The criteria for the diagnosis of  
cirrhotic cardiomyopathy are shown in Table 1[24].

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. Similarly, the administration of  vaso-
constrictors, such as angiotensin Ⅱ 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[24]. 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[25,26].

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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in cirrhotic cardiomyopathy[26-28]. The diastolic dysfunc-
tion may adversely affect the prognosis of  patients with 
cirrhosis, by favouring the occurrence of  complications 
and impairing the outcomes of  manoeuvres that lead to 
rapid increases in preload, such as transjugular intrahe-
patic porto-systemic shunt (TIPS) insertion[24].

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[29-31]. 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[32]. 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[4,24,33].

Nonalcoholic fatty liver disease
It has been shown that the leading cause of  death in 
patients with nonalcoholic fatty liver disease (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 dyslipidaemia 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-

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 are 
4.7 times more likely to have a positive treadmill test[34-36].

In a recent study, asymptomatic obese children with 
NAFLD exhibited features of  early LV diastolic and sys-
tolic dysfunction. These abnormalities were more severe 
in those with NASH[37].

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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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

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

BNP: Brain natriuretic peptide; E/A: Early diastolic/atrial filling ratio; EF: Left-ventricular ejection fraction. 
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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[38,39]. 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[38,40]. 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[41,42]. Fur-
thermore, a significant peripheral muscle bioenergetics 
abnormality has also been reported in PBC[43]. 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 
peripheral mechanisms of  fatigue. A generic tendency to-
wards altered myocardial function was shown in PBC and 
did not typically appear to be symptomatic in terms of  
“classical” myocardial dysfunction symptoms[44].

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[46], which led in some 
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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.
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cases to right ventricular outflow obstruction and Budd 
Chiari syndrome[47,48]. Hepatocellular carcinoma patients 
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 
metastases[49]. The palliative treatments for tumor throm-
bi may include transcatheter chemotherapy, transarterial 
chemoembolization and radiation therapy with a partial 
improvement of  patient symptoms[50].

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[50,51]. 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-
wave ablation[52-55].

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 
either advanced liver disease and/or portal hyperten-
sion[56]. 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 hypertension[57,58]. 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 (or-
thodeoxia) are present in almost 25% of  HPS patients[59]. 
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[60,61]. Pulmonary function 
tests typically demonstrate a reduced diffusion capacity 
for carbon monoxide[61]. 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[62,63]. The administration of  garlic resulted in im-

provements in the PaO2, in two uncontrolled trials and a 
small randomized study[64].

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[65]. The se-
verity of  POPH does not correlate with the degree of  liv-
er dysfunction or the severity of  portal hypertension[66,67]. 
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[68]. 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[69,70]. 
Medical treatment includes the following: prostacyclin 
analogs (prostanoids), Endothelin receptor antagonist and 
Phosphodiesterase-5 inhibitors[71-73]. A single short-term 
study in patients with moderate to severe POPH, found 
that the use of  β-blockers was associated with worsening 
exercise capacity[72].

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[73]. 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[74]. Symptoms include cough, dyspnea, 
chest discomfort, hypoxia, and in the most severe cases 
respiratory failure with or without ascites[74,75]. 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/mm3 is diagnostic for SBPL 
in a pleural effusion, although SBPL with PMN between 
250-500 cells/mm3 is documented by positive pleural 
fluid culture[76]. 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[77]. 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[77]. 
Percutaneous drainage, and chest tube placement can be 
used in some cases[77,78]. The standard of  care treatment 
for refractory HH is TIPS placement with response rates 
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of  70% to 80%[79,80]. Video assisted thoracoscopy (VATS) 
with pleurodesis is a potential treatment alternative for 
patients with refractory HH, who are not eligible for or 
who have failed TIPS[81-83].

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[84].

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[85]. 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[85].

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[4,24,33].

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 (TR), 
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-

clining[24,86].

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. 
Moreover, 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[24,89,90].

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 
engorgement[87,91,92]. Untreated, longstanding congestion 
can lead to cardiac fibrosis and,ultimately cardiac cirrho-
sis[93]. acute HF (forward failure): most commonly arises 
in the context of  profound systemic hypotension from 
acute cardiopulmonary collapse after myocardial infarc-
tion, exacerbation of  HF, 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[94-96]. 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 hepatitis[97-101].

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[102].

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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sion injury[24,103].

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 
tubular necrosis[102].

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 HF. Ascites may be present in up to 25% 
of  these patients and splenomegaly is characteristically 
absent[86]. 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[5].

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[104,105].

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[102].

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 

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 Ⅱ receptor blockers), 
or medications likely to accumulate with evolving renal 
failure (like digoxin)[106]. 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 early 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[5,106].

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[107]. 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 HF. 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[108-111].

The use of  b-blockers is associated with a 30% re-
duction in total mortality in HF. Propranolol should be 
administered cautiously in patients with hepatic impair-
ment. No dose adjustments are necessary for atenolol, 
nadolol, esmolol, sotalol, or acebutolol[112-116].

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 

47 January 27, 2014|Volume 6|Issue 1|WJH|www.wjgnet.com

Fouad YM et al . Hepatocardiac disorders



Table 2  Comparison between acute and chronic hepatic complications of cardiac failure

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[115].

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 impairment[116].

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[117]. 

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[118,119]. 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[118,120]. However, pre-
existing or post-LVAD severe liver dysfunction strikingly 
influences patients’ prognosis and endangers their sur-

vival[121]. Liver dysfunction can also occur or worsen after 
LVAD implantation. Pre-, peri-, and post-operative fac-
tors, such as large doses of  vasopressors, prolonged car-
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[121]. 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 
concomitant anticoagulation[24,122].

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 LTx, 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[123,124].

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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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.
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Table 3  Diseases affecting both the liver and the heart concomitantly

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[124].

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[125]. Finally, patients with heart failure and ir-
reversible cirrhosis could be offered combined heart and 
liver transplantation[126].

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 

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[127].

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 patients[128].

Metabolic causes
Wilson disease: Wilson disease is an inherited 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 echocardiography[129,130].

Hemochromatosis: Hemochromatosis is an autosomal 
recessive disorder affecting the white population. In 
this disorder, the inappropriate absorption and deposi-
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Hepatic manifestations Cardiac manifestations

Congenital
   Allagile syndrome Cholestasis Congenital heart defects
   Situs Inversus totalis Concerns with liver or heart transplantation
Infections
   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
   SLE Steatosis, hepatomegaly Endocarditis, pericarditis
   Amyloidosis Hepatomegaly, cholestasis Cardiomyopathy
   Sarcoidosis Granuloma, cholestasis Conduction defects, HF
Chronic alcoholism Cirrhosis Cariomyopathy 
Autoimmune
   Grave’s disease Hepatitis, cholestasis HF
   Autoimmune hepatitis Hepatitis, cirrhosis Carditis

HF: Heart failure.
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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[131]. 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[132].

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[133].

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[134]. 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 

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-
recognized[135].

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.

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.
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INTRODUCTION
Nodular regenerative hyperplasia (NRH) is the diffuse 
transformation of  the liver parenchyma into micronod-
ules without intervening fibrosis[1]. 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)[2].

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[3]. 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[2,4]. The 
diagnosis of  NRH is definitively made with the histo-
logical presence of  micronodules not greater than 3 mm 
thick and without intervening fibrosis[1].

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[5]. Other theories suggest that direct viral or 
immune-mediated damage contribute to the obliterative 
venopathy[6]. 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[5-15].

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[5]. 
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[6]. 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 
illnesses. 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.

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”, 
“noncirrhotic portal hypertension”, “idiopathic portal 
hypertension”, “cryptogenic liver disease”, “highly active 
antiretroviral therapy” and “didanosine”. The bibliog-
raphies of  these studies were subsequently searched for 
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 poorly 
understood. The incidence in the general population is 
approximately 2.6%, an estimate that comes from a large 
autopsy study done in 1990[1]. 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[7]. 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[8].

The first published case of  a patient with HIV found 
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Table 1  Literature review of nodular regenerative hyperplasia in human immunodeficiency virus positive patients (biopsy confirmed)

to have NRH was reported from Spain in 1993 in a pa-
tient with HIV infection and visceral leishmaniasis[9]. We 
identified a total of  94 additional cases of  biopsy-con-
firmed NRH in HIV-positive patients, most of  which 
were 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 

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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Medline search; keywords: 'nodular 
regenerative hyperplasia, 'human 

immunodeficiency virus, 'noncirrhotic portal 
hypertension, "idiopathic protal hypertension, 

"cryptogenic liver disease, 'highly active 
antiretroviral therapy, ""didanosine

Initial review to determine relevance 
to topic of interest, namely pertaining 
to NRH and its relationship with HIV 

and its treatment

Detailed review to identify 
histologically confirmed cases 

of NRH and review of the 
associated bibliographies

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.

Ref. Study type Number of patients Clinical presentation

Arey et al[21] Case report   1 Abdominal distention, abdominal, pain, EV
Bihl et al[31] Case report   1 Abdominal pain, ALP, ascites, EV, GIB, splenomegaly
Bissonnette et al[11] Case report   2 Ascites, EV, GIB
Cachay et al[15] Case series   1 ALP
Saifee et al[52] Case series 11 Ascites, EV, GIB
Cesari et al[53] Case control   5 Ascites, EV, GIB, splenomegaly
Cotte et al[12] Case control 13 Abdominal pain, ALP, ascites, EV, GIB, splenomegaly
Alvarez Díaz et al[33] Case report   2 ALP, ascites, EV, GIB
Ding et al[54] Case report   1 ALP, EV, GIB, ascites
Dinh et al[55] Case control   3 Ascites, encephalopathy, EV
Fernandez-Miranda et al[9] Case report   1 Unknown
Garvey et al[19] Case report   2 EV, splenomegaly
Hofmaenner et al[27] Case report   1 Epigastric pain, ALP
Kochin et al[56] Case report   1 EV, GIB
Kovari et al[23] Case control   1 EV
Maida et al[8] Case series   2 Splenomegaly
Mallet et al[4] Case control 13 ALP, EV, GIB
Mallet et al[57] Case report   1 Portal hypertension
Mallet et al[30] Case series   8 ALP, ascites, EV, splenomegaly
Mendizabal et al[58] Case control   5 EV, GIB
Podevin et al[59] Case report   1 Ascites, EV, splenomegaly
Sandrine et al[20] Case report   1 ALP, ascites, EV, splenomegaly
Santiago et al[28] Case report   1 Abdominal distention, splenomegaly
Schiano et al[22] Case report   1 ALP, EV, splenomegaly
Scourfield et al[60] Retrospective cohort   4 Unknown
Schouten et al[61] Case report   3 EV, GIB
Stebbing et al[62] Retrospective cohort   2 ALP
Tateo et al[13] Case report   3 ALP, ascites, EV, GIB
Vispo et al[29] Case report   3 ALP, ascites, EV, GIB

ALP: Abnormal liver panel; EV: Esophageal varices; GIB: Gastrointestinal bleed.
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Table 2  Manifestations of portal hypertension in patients 
with nodular regenerative hyperplasia and human immunode-
ficiency virus  n  (%)

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[10]. In another series of  24 patients, similar rates of  
various clinical features of  NRH were reported[11]. 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[12]. 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 

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 setting[13].

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[14]. 
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[14]. 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[1]. 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[15].

Associated conditions and medications
Nodular regenerative hyperplasia has long been associ-
ated with rheumatologic, autoimmune, hematologic and 
myeloproliferative disorders[7]. 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 hypertension[16]. Many 
of  these patients are also predisposed to the develop-
ment of  portal vein thrombosis, which can lead to end-
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Manifestation Patients 
identified 

References

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]
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Table 3  Select laboratory tests associated with nodular regenerative hyperplasia

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[17]. 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[18]. Their findings were supported 
in a number of  succeeding publications[14,15,17,19-23]. 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[12].

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[24,25]. 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 

withdrawal of  AZA[26]. 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 process[27]. 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[12]. 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 prognosis[27-29].

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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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/mm3) 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]

A B

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 × 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 × 100). 
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went endoscopic band ligation (EBL), either 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[15]. 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[10].

The utility of  anticoagulation in patients with NRH 
is a burgeoning concept. Mallet et al[30] described a series 
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 et al[31], 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[30-32]. 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[13,30]. 
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 placement[33]. 
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[34], 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 hepatitides[35]. NRH should be consid-

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[14,36].

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)[7,22,37]. 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[2].

Accurate diagnosis of  NRH requires the histologi-
cal assessment[7]. Since the nodularity is often heteroge-
neously distributed, liver biopsy requires an ample sized 
tissue. The transjugular route is often used to minimize 
bleeding complications[38]. However, there have been 
cases where diagnosis was initially missed and later 
found only via wedge biopsy[39]. 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[40]. The hepatocyte atrophy, a key 
histologic feature is best identified with reticulin staining 
which must be employed to make the diagnosis[41].

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 development[7]. 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 
(NRTI). It functions as a purine analogue and interferes 
with the transcription of  DNA and RNA[27]. Azathio-
prine, 6-mercaptopurine 6-thioguanine and other che-
motherapeutic agents that have been previously linked to 
NRH have a similar mechanism of  action[42]. 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)[43]. Patients with NRH should be considered for 
screening for HCC. Although this remains a relatively 
controversial topic, a possible pathogenetic relationship 
between NRH and HCC has been described[1,25,44-50]. 
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[51].

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
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Nodular regenerative hyperplasia (NRH) causes portal hypertension in patients 
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variceal bleeding.
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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. 
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demia and metabolic disorders, cardiac imaging, pediatrics, nursing, 
and health promotion. Priority publication will be given to articles 
concerning diagnosis and treatment of  hepatology diseases. The fol-
lowing aspects are covered: Clinical diagnosis, laboratory diagnosis, 
differential diagnosis, imaging tests, pathological diagnosis, molecular 
biological diagnosis, immunological diagnosis, genetic diagnosis, 
functional diagnostics, and physical diagnosis; and comprehensive 
therapy, drug therapy, surgical therapy, interventional treatment, min-
imally invasive therapy, and robot-assisted therapy. 
    We encourage authors to submit their manuscripts to WJH. We 
will give priority to manuscripts that are supported by major national 
and international foundations and those that are of  great basic and 
clinical significance.
    WJH is edited and published by Baishideng Publishing Group 
(BPG). BPG has a strong professional editorial team composed of  
science editors, language editors and electronic editors. BPG current-
ly publishes 42 OA clinical medical journals, including 41 in English, 
has a total of  15471 editorial board members or peer reviewers, and 
is a world first-class publisher.

Columns
The columns in the issues of  WJH will include: (1) Editorial: The 
editorial board members are invited to make comments on an im-
portant topic in their field in terms of  its current research status 
and future directions to lead the development of  this discipline; (2) 
Frontier: The editorial board members are invited to select a highly 
cited cutting-edge original paper of  his/her own to summarize ma-
jor findings, the problems that have been resolved and remain to be 
resolved, and future research directions to help readers understand 
his/her important academic point of  view and future research direc-
tions in the field; (3) Diagnostic Advances: The editorial board mem-
bers are invited to write high-quality diagnostic advances in their field 
to improve the diagnostic skills of  readers. The topic covers general 
clinical diagnosis, differential diagnosis, pathological diagnosis, lab-
oratory diagnosis, imaging diagnosis, endoscopic diagnosis, biotech-
nological diagnosis, functional diagnosis, and physical diagnosis; (4) 
Therapeutics Advances: The editorial board members are invited to 
write high-quality therapeutic advances in their field to help improve 
the therapeutic skills of  readers. The topic covers medication therapy, 
psychotherapy, physical therapy, replacement therapy, interventional 
therapy, minimally invasive therapy, endoscopic therapy, transplanta-
tion therapy, and surgical therapy; (5) Field of  Vision: The editorial 
board members are invited to write commentaries on classic articles, 
hot topic articles, or latest articles to keep readers at the forefront of  
research and increase their levels of  clinical research. Classic articles 
refer to papers that are included in Web of  Knowledge and have re-
ceived a large number of  citations (ranking in the top 1%) after being 
published for more than years, reflecting the quality and impact of  
papers. Hot topic articles refer to papers that are included in Web of  
Knowledge and have received a large number of  citations after being 

published for no more than 2 years, reflecting cutting-edge trends in 
scientific research. Latest articles refer to the latest published high-
quality papers that are included in PubMed, reflecting the latest re-
search trends. These commentary articles should focus on the status 
quo of  research, the most important research topics, the problems 
that have now been resolved and remain to be resolved, and future 
research directions. Basic information about the article to be com-
mented (including authors, article title, journal name, year, volume, 
and inclusive page numbers; (6) Minireviews: The editorial board 
members are invited to write short reviews on recent advances and 
trends in research of  molecular biology, genomics, and related cut-
ting-edge technologies to provide readers with the latest knowledge 
and help improve their diagnostic and therapeutic skills; (7) Review: 
To make a systematic review to focus on the status quo of  research, 
the most important research topics, the problems that have now been 
resolved and remain to be resolved, and future research directions; 
(8) Topic Highlight: The editorial board members are invited to write 
a series of  articles (7-10 articles) to comment and discuss a hot topic 
to help improve the diagnostic and therapeutic skills of  readers; (9) 
Medical Ethics: The editorial board members are invited to write arti-
cles about medical ethics to increase readers’ knowledge of  medical 
ethics. The topic covers international ethics guidelines, animal studies, 
clinical trials, organ transplantation, etc.; (10) Clinical Case Conference 
or Clinicopathological Conference: The editorial board members 
are invited to contribute high-quality clinical case conference; (11) 
Original Articles: To report innovative and original findings in hepa-
tology; (12) Brief  Articles: To briefly report the novel and innovative 
findings in hepatology; (13) Meta-Analysis: Covers the systematic 
review, mixedtreatment comparison, meta-regression, and over-
view of  reviews, in order to summarize a given quantitative effect, 
e.g., the clinical effectiveness and safety of  clinical treatments by 
combining data from two or more randomized controlled trials, 
thereby providing more precise and externally valid estimates than 
those which would stem from each individual dataset if  analyzed 
separately from the others; (14) Case Report: To report a rare or 
typical case; (15) Letters to the Editor: To discuss and make reply to 
the contributions published in WJH, or to introduce and comment 
on a controversial issue of  general interest; (16) Book Reviews: To 
introduce and comment on quality monographs of  hepatology; and 
(17) Autobiography: The editorial board members are invited to write 
their autobiography to provide readers with stories of  success or 
failure in their scientific research career. The topic covers their basic 
personal information and information about when they started do-
ing research work, where and how they did research work, what they 
have achieved, and their lessons from success or failure.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should be 
described when they are used to verify the results; (2) Whether the 
statistical techniques are suitable or correct; (3) Only homogeneous 
data can be averaged. Standard deviations are preferred to standard 
errors. Give the number of  observations and subjects (n). Losses 
in observations, such as drop-outs from the study should be re-
ported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJH requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Med-
ical Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clinical 
Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accom-
panied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, 
Abstract, Introduction, Materials and Methods, Results, Discus-
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 
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Instructions to authors

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/. Authors are highly recom-
mended to consult the ONLINE INSTRUCTIONS TO AUTH-
ORS (http://www.wjgnet.com/1948-5182/g_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@wjgnet.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 JF, 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 L 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, 

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 vs 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.  

Illustrations
Figures should be numbered as 1, 2, 3, etc., 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: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., 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 horizontal 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. aP < 0.05, 
bP < 0.01 should be noted (P > 0.05 should not be noted). If  there 
are other series of  P values, cP < 0.05 and dP < 0.01 are used. A third 
series of  P values can be expressed as eP < 0.05 and fP < 0.01. Other 
notes in tables or under illustrations should be expressed as 1F, 2F, 
3F; 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 ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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REFERENCES
Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. 
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version 
of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-faced 
letters. The family name of  all authors should be typed with the in-
itial letter capitalized, followed by their abbreviated first and middle 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of  the cited article and italicized 
journal title (journal title should be in its abbreviated form as shown 
in PubMed), publication date, volume number (in black), start page, 
and end page [PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
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Chinese journal article (list all authors and include the PMID where applicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
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rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
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Books
Personal author(s)
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9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
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disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
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2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
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pean Conference on Genetic Programming; 2002 Apr 3-5; 
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Electronic journal (list all authors)
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (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, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 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 are 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  
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