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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most common form of chronic
liver disease in the Western world. It is more prevalent in male gender, and with
increasing age, obesity, and insulin resistance. Besides weight loss, there are
limited treatment options. The use of anti-diabetic medications has been studied
with mixed results. In this review, we discuss the use of anti-diabetic medications
in the management of NAFLD with a specific focus on sodium-glucose
cotransporter 2 inhibitors. We shed light on the evidence supporting their use in
detail and discuss limitations and future directions.

Key words: Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; Sodium-
glucose cotransporter 2 inhibitors; Liver cirrhosis; Diabetes
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is the most common form of chronic
liver disease in the Western world. NAFLD is associated with obesity and insulin
resistance. Weight loss is the cornerstone of therapy with no other proven pharmacologic
therapy, Sodium-glucose co-transporter 2 (SGLT2) inhibitors may play a role in
preventing and treating NAFLD. SGLT2 inhibitors reduce hepatic steatosis,
steatohepatitis, and fibrosis in patients with NAFLD.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the leading cause of liver disease in
Western countries[1] and its prevalence worldwide is increasing substantially. NAFLD
constitutes a spectrum of liver disease that extends from simple hepatic steatosis to
nonalcoholic steatohepatitis (NASH), a more progressive form of the disease that can
lead to advanced fibrosis or cirrhosis. The worldwide prevalence is approximately
10%-35%[2]. In the United States, it is estimated that NAFLD affects more than 20% of
the population[3,4]. Cardiovascular disease remains the most common cause of death in
patients with NAFLD[5].

The underlying pathophysiology of NAFLD is not fully understood, but genetics
and  insulin  resistance  seem  to  play  key  roles[6].  Certain  risk  factors  have  been
identified in NAFLD. Gender, age, ethnicity, and the presence of obesity or type 2
diabetes  mellitus  (T2DM)  are  differentially  associated  with  NAFLD.  Males  are
affected more often than females with approximately a 2:1 ratio. Most patients are
diagnosed  in  their  40  s  and  50  s.  Studies  demonstrate  a  higher  prevalence  in
Hispanics, medium prevalence in Caucasians, and relatively low prevalence amongst
blacks[7]. Certain genetic polymorphisms (i.e., PNPLA-3 and TM6SF2) have also been
implicated in the disease process leading to more progressive form of NAFLD[8].

The  multifaceted  pathophysiologic  nature  of  NAFLD  has  challenged  the
development of targeted therapeutic strategies for this growing disease. Thus far,
weight  loss  is  the  most  effective  therapy  with  3%-5%  weight  loss  resulting  in
improvement of liver transaminases and reversal of steatosis[9,10], and 7%-10% weight
reduction resulting in reversal of abnormal histologic features[11].

Pharmacologic therapies for NAFLD have not yet gained widespread use, mainly
due to the poor quality of evidence supporting their use.  Evaluated medications
include those with anti-oxidative effects (Vitamin E)[12],  anti-inflammatory effects
(Ursodeoxycholic  acid)[13],  lipid-lowering  effects  (Atorvastatin)[14],  anti-diabetic
medications, and other nutritional supplements (Omega-3 fatty acids)[15].

In  this  review, we focus on the use of  anti-diabetic  agents  in the treatment of
NAFLD,  more  specifically  on  the  newly  emerging  class  of  Sodium-glucose  co-
transporter 2 (SGLT2) inhibitors. We shed light on the evidence supporting their use
in detail and discuss future directions.

SEARCH CRITERIA
MEDLINE  search  was  conducted  using  the  keywords  “SGLT2  inhibitors”  and
“NAFLD” OR “NASH” and all the studies were included. There were no excluded
articles. The studies were mainly focused on the role of SGLT2 inhibitors in NAFLD
and were included up to December 2018.

ANTI-DIABETICS IN NAFLD
A  cornerstone  in  the  management  of  NAFLD  is  treating  concomitant  diabetes
mellitus. The relationship between NAFLD and type-2 diabetes mellitus (T2DM) is
well  established and is  often relayed as  a  bidirectional  relationship.  There  is  an
association between the prevalence of NAFLD and T2DM, as multiple prospective
observational  studies  shown  NAFLD  independently  increases  the  incidence  of
T2DM[16-21].  In  one  study,  NAFLD  was  independently  associated  with  impaired
glucose metabolism[22]. Previous reports show a high prevalence of NAFLD in patients
with T2DM[23,24]. T2DM was also associated with worsening NAFLD and progression
to NASH and hepatocellular  carcinoma (HCC)[25-27].  The underlying mechanisms
between NAFLD and T2DM is complicated, but stems from the critical role the liver
plays in regulating glucose and lipid metabolism, where the inciting event is thought
to  be  a  fat-associated chronic  low-grade inflammatory response[28,29].  As  there  is
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overwhelming evidence that NAFLD and T2DM share a common pathogenesis[30], the
treatment of T2DM had been suggested as an important key in the management of
NAFLD.

METFORMIN
Metformin is the most commonly used medication in the management of T2DM. It
reduces hepatic glucose production and promotes skeletal muscle glucose uptake.
Given the pathogenesis of NAFLD and T2DM, multiple investigations have been
carried out regarding its use in NASH. However, a meta-analysis published in 2010
demonstrated that  metformin failed to  improve hepatic  steatosis,  inflammation,
hepatocyte ballooning, Alanine aminotransferase (ALT) levels, liver fibrosis, or body
mass index (BMI) in subjects with simple steatosis or biopsy-proven NASH[31]. As a
result,  metformin is  not  recommended for  use in NAFLD, even in patients  with
T2DM.

THIAZOLIDINEDIONES
Thiazolidinediones are PPAR-gamma agonists that enhance insulin sensitivity[32]. A
study investigating the effect of pioglitazone on patients with NASH but without
T2DM showed a significant reduction in ALT levels and improvement in histological
features of NAFLD such as steatosis, inflammation, and hepatocyte ballooning when
compared to placebo[33],  however it did not slow down the progression of hepatic
fibrosis[33].

INCRETIN-BASED THERAPY
GLP-1 agonists are incretin-based therapies that are used in the management of T2DM
by promoting glucose-dependent insulin secretion[34]. An investigation comparing
liraglutide  and placebo in  patients  with  NASH showed that  liraglutide  led to  a
significant resolution of steatosis as determined by an end-of-treatment liver biopsy[35].
It was also shown to slow down the progression to fibrosis[35].

Dipeptidyl-peptidase  4  (DPP-4)  inhibitors,  such  as  sitagliptin,  inhibit  the
degradation of incretins, which in turn stimulate secretion of insulin in patients with
T2DM. They have been shown to have extra-pancreatic effects, including protective
effects on hepatocytes against diet-induced steatosis and ultimately NAFLD[36]. Not
only do they prevent the development of NAFLD, but they seem to exert an effect in
treating it by influencing the serum levels of ALT, Aspartate aminotransferase (AST)
and gamma-GT[37].  They  were  also  found to  be  safe  in  patients  with  T2DM and
NAFLD,  and  had  been  suggested  as  a  potential  mono-therapeutic  agent  for
NAFLD[38]. However, there are yet to be randomized controlled trials showing their
therapeutic effects in NAFLD.

SGLT2 INHIBITORS
SGLT2 inhibitors are a class of drugs that inhibit glucose reabsorption in the kidney
via  inhibition of  the SGLT channels  which are primarily located in the proximal
convoluted tubules epithelial cells, thus promoting glucosuria. Their mechanism of
action is independent of insulin secretion making the use of these drugs useful in
patients with limited pancreatic beta cell activity. The hypothesized mechanism of
SGLT2 inhibitors in NAFLD stems from their glycosuric effect leading to total loss of
energy which results in increased pancreatic secretion of glucagon while suppressing
insulin secretion. SGLT2 inhibitors also work as alpha-cells secretagogues by directly
stimulating  glucagon  release  via  neuronal  stimulation [39].  This  mild  hyper-
glucagonemic  state  induces  hepatic  gluconeogenesis,  ketogenesis  and  lipolysis,
leading to an overall reduction in the amount of fatty acids. Furthermore, SGLT2
inhibitors exert a direct neurogenic effect that enhances gluconeogenesis and lipolysis
in the liver[40]. The sum of such effects leads to reduction in hepatic steatosis and halts
the progression of NAFLD (Figure 1). Albeit being of the same group of medications,
different SGLT2 inhibitors demonstrated different effects on NAFLD. In the following
section, we discuss the evidence that supports the use of different members of this
family of drugs in SGLT2.
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Figure 1

Figure 1  Mechanism of action of Sodium-glucose co-transporter-2 inhibitors in non-alcoholic fatty liver
disease. Obesity-induced insulin resistance leading to diabetes are the major risk factors for non-alcoholic fatty liver
disease (NAFLD). The increase in insulin secretion and inhibition of glucagon secretion by the islet cells in the
pancreas ultimately leads to the stimulation of lipogenesis, ultimately shifting the balance towards hepatic steatosis
and NAFLD. Sodium-glucose co-transporter inhibitors primary effect is inducing glycosuria causing lowering of the
blood glucose levels. This inhibits the secretion of insulin and stimulates glucagon secretion, causing a higher insulin-
to-glucagon ratio, which increases the lipolytic, gluconeogenetic, and ketogenetic pathways. This results in reduction
in the hepatic steatosis in NAFLD.

CANAGLIFLOZIN
Canagliflozin is the most commonly prescribed SGLT2 inhibitors for patients with
T2DM. In animal models of NAFLD, canagliflozin used in high-fat diet fed mice
reduced  ALT  levels  and  prevented  the  development  of  cirrhosis  as  evident  by
reduced steatosis on histologic examination[41]. Canagliflozin also showed favorable
outcomes when pitted against sitagliptin, a DPP4-inhibitor, in the management of
Japanese patients with biopsy-proven NAFLD[42]. It demonstrated reductions in BMI,
fasting blood glucose, body weight, HbA1c, and ALT levels[42]. It is worth noting that
the study was a retrospective cohort  study and the results  could not  be directly
attributed to canagliflozin[42]. Canagliflozin used for 24 wk in patients aged 20-64 years
with biopsy-proven NAFLD complicated with T2DM showed significant reductions
in  BMI,  fasting  blood  glucose,  waist  circumference,  ferritin  level,  gamma-
glutamyltransferase (GGT) level, and type IV collagen 7S[43]. Furthermore, there was a
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decrease in the NAFLD score in all patients included in the study[43]. However, the
study was a single center,  single arm study and only involved 5 patients.  Hence,
extrapolation to the general population was difficult[43]. A systemic analysis pooled the
results of 4 studies in which canagliflozin was used for 26 or 52 wk vs  placebo or
sitagliptin, and showed significant reductions in HbA1c, body weight, ALT, AST,
alkaline phosphatase and gamma-glutamyl transferase. The favorable changes in liver
function tests were attributed to reductions in HbA1c and body weight[44]. In western-
diet  fed  murine  models,  canagliflozin  showed  significant  improvements  in
hyperglycemia,  hyperinsulinemia and liver  function tests  as  early  as  8  wk after
initiation, and significant improvements in hepatic fibrosis after 20 wk of treatment.
There was additionally a significant reduction in the number of liver tumors after 1
year of canagliflozin treatment[45]. More recent evidence emerged on the positive effect
of canagliflozin with a human study demonstrating significant reductions in hepatic
steatosis, hepatocyte ballooning, fibrosis, and inflammation after 24 wk of treatment
in  patients  with  T2DM  and  NAFLD[46].  Another  prospective  cohort  study  also
demonstrated significant reductions in ALT, AST, GGT, triglycerides, HbA1c, and
body weight[47].

IPRAGLIFLOZIN
Ipragliflozin  used  in  high  fat  diet  fed  murine  models  that  had  streptozocin
nicotanamide-induced  T2DM showed improvement  in  glucose  tolerance,  blood
glucose,  insulin,  and lipid  levels[48].  Moreover,  there  were  reductions  in  hepatic
steatosis and liver levels of oxidative stress biomarkers as well as improvement in
aminotransferase  levels  after  4  wk of  treatment[48].  Another  murine based study
demonstrated similar results by demonstrating improvement in insulin resistance,
free fatty acids, AST and ALT levels, and liver fat content with an 8 wk course of
ipragliflozin[49].  Murine models  fed a  choline-deficient  l-amino acid-defined diet
developed liver triglyceride increase, liver fibrosis, and mild inflammation[50]. These
changes  were prevented with 5  wk of  ipragliflozin therapy which suggests  that
SGLT2 inhibitors might play a role in the prevention of hepatic fibrosis[50]. In human
subjects, ipragliflozin used for 16 wk in patients with T2DM showed significantly
reduced fatty  liver  index,  fasting plasma glucose,  HbA1c,  body weight,  visceral
adipose tissue,  and subcutaneous tissue and fat  mass[51].  When ipragliflozin was
compared to pioglitazone, a PPAR agonist, in patients with T2DM, similar effects
were observed with regards to blood glucose, HbA1c, liver to spleen ratio, AST and
ALT  levels.  There  was  a  significantly  reduced  body  weight  and  fat  area  with
ipragliflozin[52]. The co-administration of ipragliflozin with incretin-based drugs such
as GLP-1 analogs or DPP-4 inhibitors showed significant reductions in HbA1c, body
weight,  serum  ALT  levels,  and  fibrosis-4  index[53].  The  most  important  aspect
observed here is that ALT levels were not normalized with incretin-based therapies
until  combined  with  iprafliglozin,  which  suggests  a  synergistic  effect  between
incretin-based therapies and SGLT2 inhibitors[53]. In a larger multicenter prospective
study involving patients with T2DM and NAFLD, ipragliflozin administration for 24
wk showed significant reductions in HbA1c, AST, ALT, body weight, and steatosis[54].
It further suggests that SGLT2 inhibitors can help in the management of patients with
T2DM with metabolic syndrome[55].

DAPAGLIFLOZIN
Dapagliflozin is a highly selective competitive inhibitor of SGLT2. In genetic murine
models of obesity and diabetes, such as db/db, dapagliflozin was shown to improve
markers of liver injury such as MPO and reactive oxygen species[56].  Even in diet-
induced obesity,  dapagliflozin showed decreased serum ALT, AST, hepatic lipid
accumulation, and hepatic fibrosis in mice that were fed western diet compared to
low-fat diet. Dapagliflozin also attenuated the western diet-mediated increases in
body weight, plasma glucose, plasma triglycerides, and renal fibrosis[57]. This suggests
that  dapagliflozin  can  be  used  for  reversal  of  hepatic  steatosis  associated  with
NAFLD,  even  in  humans.  Indeed,  the  use  of  dapagliflozin  and  empagliflozin
demonstrated a significant  reduction in ALT levels  in patients  with T2DM. This
change was independent of HbA1c and fasting glucose levels[58]. Dapagliflozin also
showed significant improvement in BMI,  AST levels,  ALT levels,  fasting plasma
glucose and HbA1c when used for 24 wk in patients with biopsy-proven NASH and
T2DM[59]. More recently, a study investigating the use of dapagliflozin for 24 wk in
patients with T2DM and NASH showed a significant reduction in ALT and GGT
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levels  as  well  as  significant  improvement  in  liver  stiffness  measurement[60].
Dapagliflozin was also found to significantly reduce hepatic steatosis and attenuate
severe liver fibrosis in patients with T2DM and NAFLD[60]. A randomized double-
blind  placebo-controlled  trial  involving  84  patients  with  T2DM  and  NAFLD
demonstrated significant reduction of liver fat content with combination dapagliflozin
and n-3 carboxylic acid for 12 wk. Dapagliflozin monotherapy also decreased hepatic
injury biomarkers and as mentioned earlier, ALT, AST, GGT and body weight[61].

EMPAGLIFLOZIN
Empagliflozin, vs combination empagliflozin and linagliptin, a DPP-IV inhibitor, vs
placebo demonstrated that  empagliflozin  monotherapy reduced the  severity  on
NASH at  21  d in  NASH mouse-models[62].  Furthermore,  the  combination of  em-
pagliflozin  and  linagliptin  led  to  reduction  in  body  weight  and  liver  collagen
deposition  i.e.,  fibrosis  indicating  a  probable  synergistic  effect  upon  coad-
ministration[62]. The E-LIFT trial which involved patients with T2DM and NAFLD,
showed that empagliflozin in addition to standard diabetes management causes a
significant reduction in liver fat content and ALT and a non-significant difference in
GGT and AST levels[63].  A subgroup analysis  from the  EMPA-REG trial  showed
significant reduction in ALT independently of changes in HbA1c or body weight[64].

REMOGLIFLOZIN
Mice placed on a high fat diet for 11 wk followed by administration of remogliflozin
or placebo for 4 wk resulted in significant reduction of ALT and ALT levels. Both liver
weight and hepatic triglyceride content were significantly reduced. Furthermore,
when compared to canagliflozin and dapagliflozin, remogliflozin had a significantly
higher  effect  with  regards  to  oxygen  radial  absorbance  capacity.  This  study
demonstrated that remogliflozin had clear significant effects on mice with NAFLD
and NASH[65]. Similar studies are yet to occur in humans.

LUSEOGLIFLOZIN
Mice models receiving streptozotocin and nicotinamide to reduce insulin secretion
followed by administration of luseogliflozin or placebo exhibited reductions in ALT
levels along with reduction in the increase of collagen deposition in the treatment
group[66]. A human-based study in which luseogliflozin was compared to metformin
in patients with type 2 diabetes and NAFLD demonstrated significantly lower liver-
to-spleen ratio, visceral fat, HbA1c, and BMI with luseogliflozin after 6 months of
use[67]. Another prospective study showed significant reductions in ALT, AST, BMI,
and GGT levels after 24 wk of therapy in patients with T2DM and NAFLD[68].

POTENTIAL ANTITUMORIGENIC EFFECTS OF SGLT2I
One of the dreadful complications of NAFLD is the development of HCC, which
appears to be increasing[69], regardless of the presence cirrhosis. One in vitro study
showed  that  the  effects  of  canagliflozin  on  HCC  showing  effects  that  include
antiproliferation, cellular arrest, and apoptosis of cancer cells[70]. Such effects were also
shown to decrease HCC tumor burden in a murine xenograft model of human HCC.
Interestingly, those effects were glycemic-state independent[70].  Although the data
supporting the antitumorigenic effects of SGLT2 inhibitors is limited, it is potentially a
promising medication in preventing HCC in patients with NAFLD. Since normal and
cancer colonic tissue express SGLT2, in one case report of colon cancer with liver
metastasis,  treatment with dapagliflozin in combination with cetuximab showed
substantial response to therapy[71]. Although such results remain in need of validation,
they show the potential of SGLT2 inhibitors in the carcinogenesis that could not only
be HCC-specific.

ADVERSE REACTIONS DUE TO SGLT2 INHIBITORS
There have been a few reported side effects with regards to SGLT2 inhibitors use,
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namely  vulvovaginal  candidiasis  and  urinary  tract  infections[72],  hypotension[73]

through  osmotic  diuresis  causing  hypovolemia,  acute  kidney  injury[74]  likely
secondary to  hypoperfusion of  the  kidneys  in  the  setting  of  hypovolemia,  bone
fractures[75], increased risk of amputation[76], and euglycemic diabetic ketoacidosis[77].
Although the mechanisms of SGLT2 inhibitors ketoacidosis is not fully understood,
the food and drug administration (FDA) has recognized it as an important side effect
to watch for,  especially in patient with type-1 diabetes mellitus[78].  Monitoring of
kidney function is essential during treatment particularly in those taking concomitant
diuretics and other medications that predispose to hypovolemia and acute kidney
injury[79]. A major potentially lethal rare consequence of SGLT2 inhibitors use is the
development of Fournier’s gangrene. However, it has only been reported in 12 cases,
but was serious enough the FDA issued an official warning statement for clinicians to
be aware of[80]. Further, it is important to acknowledge that SGLT2 inhibitors were
only FDA-approved as recently as 2013[81], and as such there is ongoing research for
their long-term safety profile[79] (Table 1).

CONCLUSION
Limited pharmacologic options with proven efficacy makes the treatment of NAFLD
challenging. Apart from weight-loss, there are few pharmacologic treatment options.
However, recent emerging evidence of the use of SGLT2-inhibitors in patients with
NAFLD  is  promising.  Those  agents  have  shown  to  improve  levels  of  serum
transaminases,  decrease  steatosis,  prevent  cirrhosis  and HCC,  and reduce  body
weight. They are also gaining wide popularity due to their anti-diabetic effect and
potential cardiovascular benefits.  However, prior to establishing the use of those
agents clinically, further studies including randomized controlled trials should be
conducted.

WJH https://www.wjgnet.com July 27, 2019 Volume 11 Issue 7

Dokmak A et al. SGLT2 inhibitors in NAFLD

568



Table 1  Sodium-glucose co-transporter inhibitors and their use in non-alcoholic fatty liver disease

SGLT2
inhibitor ALT AST GGT Bilirubin BMI Steatosis Inflam-

mation Fibrosis HCC Adverse
effects

Study
organism Ref.

Canagli-
flozin

↓ ↓ ↓ ↑ ↓ ↓ ↓ ↓ ↓ Urogenital
tract
fungal
infections,
DKA,
amputat-
ions, bone
fractures

Human
[44,46,76]

Ipraglif-
lozin

↓ - - NR ↓ ↓ ↓ ↓ NR Urinary
tract
infections

Human/
Mouse

[49,51]

Dapagli-
flozin

↓ ↓ ↓ NR ↓ ↓ ↓ NR NR Urogenital
tract
infections,
bladder
cancer,
DKA,
amputat-
ions

Human
[59,61,76,81]

Empagl-
iflozin

↓ - - - ↓ ↓ ↓ ↓ NR Genital
tract
infections,
DKA

Human/
Mouse

[62-64]

Remogl-
iflozin

↓ ↓ NR NR ↓ ↓ ↓ NR NR Urogenital
tract
fungal
infections

Mouse
[65]

Luseogl-
iflozin

↓ or - ↓ ↓ NR ↓ ↓ ↓ ↓ or - NR Vaginal
itching,
dehydra-
tion

Human/
Mouse

[66-68]

SGLT2: Sodium-glucose co-transporter 2; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyltransferase; BMI: Body
mass index; HCC: Hepatocellular carcinoma; DKA: Diabetic ketoacidosis; NR: Not reported; ↓: Decreases; ↑: Increases; -: No change.
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Abstract
Three-dimensional (3D) printing has recently emerged as a new technique in
various liver-related surgical fields. There are currently only a few systematic
reviews that summarize the evidence of its impact. In order to construct a
systematic literature review of the applications and effects of 3D printing in liver
surgery, we searched the PubMed, Embase and ScienceDirect databases for
relevant titles, according to the PRISMA statement guidelines. We retrieved 162
titles, of which 32 met the inclusion criteria and are reported. The leading
application of 3D printing in liver surgery is for preoperative planning. 3D
printing techniques seem to be beneficial for preoperative planning and
educational tools, despite their cost and time requirements, but this conclusion
must be confirmed by additional randomized controlled trials.

Key words: Three-dimensional printing; Three-dimensional models; Liver; Surgery;
Hepatic phantom models
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Core tip: Three-dimensional printing is an emerging technology that seems to have useful
applications in various medical fields. The most thoroughly studied applications are in
medical education and preoperative planning. However, the financial and time
requirements for its use remain issues to be resolved. In this Minireview, we analyze the
uses of three-dimensional printing models which are reported in the literature, with
special emphasis on their role in surgical education in hepatic surgery.
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INTRODUCTION
Three-dimensional  (3D)  printing is  a  rapid prototyping additive  manufacturing
technology that offers the opportunity to create numerous artificial parts and objects,
made of different materials with various mechanical and physical properties[1,2]. The
first  3D printed  object  was  reported  by  Hideo  Kodama in  1982.  Since  then,  the
technological  aspects  of  3D  printing  procedures  have  achieved  an  exponential
development rate and, nowadays, big specialized companies, as well as individuals
with their personal printers, can construct a variety of 3D objects, ranging in cost and
quality depending on their intended use. 3D printing is an emerging technological
achievement that could be deployed for a variety of applications in many medical
fields, such as preoperative planning and medical education. This state-of-the-art
technology  displays  certain  advantages  against  older  techniques,  and  seems  to
overcome some existing limitations, although there are still some drawbacks to be
resolved[3-5]. 3D printed models seem to be capable of satisfying the needs for tactile
and spatial perception of human anatomical structures[6,7]. Thus, they can be used to
create 3D organ models for spatial and anatomical understanding, so that surgeons
can achieve a better preoperative plan and prepare their surgical manipulations on
3D, graspable models[4,6]. 3D printing also provides optimized strategies for device
testing[6] and serves educational purposes[8-10]. One of the most prominent medical
applications  of  3D  printing  is  the  development  of  medical  devices  and  instru-
mentation[4,9].  3D printing appears  to  be  a  significantly  useful  and cost-effective
technique compared to traditional cadaveric models. Surgeons can have an accurate
optical  and  tactile  sense  of  the  structures,  and  perform  complex  operations  on
them[6,11,12].  Moreover,  the  use  of  additive  manufacturing  technologies  in  tissue
engineering has been recently explored with revolutionary results. Many materials
are used to fabricate a scaffold and then print functional cells onto it in order to mimic
human tissue, which is a process called bioprinting[13,14].

Liver diseases, and especially those requiring surgical interventions, have led the
way for the implementation of 3D printing techniques for many applications. Liver
resection is the “gold standard” procedure in liver cancer that guarantees successful
treatment. Despite technological improvements, liver resections remain a challenging
area, especially for young surgeons. Although the knowledge of liver anatomy is
essential for safe surgical resections, there are many anatomical variations. To perform
an accurate hepatic resection, knowledge of the anatomical relationships among the
branches of Glisson’s sheath, the hepatic veins and the tumor is crucial[15]. Magnetic
resonance  imaging  (MRI)  and  computed  tomography  (CT)  are  conventional
diagnostic methods that estimate the location of the lesions and their relationship with
neighboring  structures,  and  also  provide  2-dimensional  images.  Virtual  and
Augmented Reality tools can possibly offer a more comprehensive alternative for 3D
visualization,  but  still  lack  the  ability  to  provide  tactile  feedback.  Advanced
navigation systems during liver resections can provide us with some help, but they
demonstrate numerous limitations while maintaining a relatively high cost[16].  3D
printing  techniques  provide  an  effective  solution  for  preoperative  planning,  by
creating precise, patient-specific, graspable, 3D printed models of organs and lesions
based on imaging data. While liver surgery can be challenging, and requires technical
excellence and experience, implementation of a 3D printed pre-operative model seems
to be very promising[13]. The implementation of 3D objects in medical education and
surgical training also seems promising, as it provides live models that the trainees can
handle and better comprehend[17,18]. In the present study, we analyze the studies that
report the applications and the outcomes of 3D printing technologies in liver surgery,
with special emphasis on preoperative planning and surgical education.

BASIC PRINCIPLES OF 3D PRINTING
3D printing is similar to conventional inkjet printing. It is a process of layering a
material that initially has polymeric properties (or reaches a fluid state through heat),
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horizontally  deposited  and  solidified,  either  by  cooling  or  by  ultraviolet  light
irradiation, to eventually create a complete 3D model. Every horizontal section of the
final  printed product  closely  resembles  the  way images  of  an  axial  or  magnetic
tomography are acquired. In 3D printing, instead of having a detection level that
records the different densities corresponding to the different web structures between
the irradiation head and its recorder, the print head composes an artefact in three
dimensions.

The resemblance of how a printed item is created by the process of reconstituting a
CT scan helps physicians' understanding of both the printing process and its necessity
in both medicine and surgery. CT and MRI scans are the most frequent preoperative
examinations performed during the investigation of many pathological conditions,
and  guide  the  treating  physician  in  finding  the  optimal  therapeutic  approach.
However,  the  nature  of  CT is  completely  different  from the  3D reality,  and the
physician's  perception  is  constrained  by  the  two-dimensional  representation  of
sequential tomography images, which often result in the erroneous assessment of an
existing disease state. CT and MRI data files (Digital Imaging and Communications in
Medicine, DICOM format) were usually stored in CAD software (©Google sketchup).
After isolating the relevant structures in each image set, 3-D volume reconstruction
was performed. The final model was saved in the STL format. This extension STL
supported the visualization of the model as a fully rotated virtual 3-D representation
(360° on the x, y and z axes). A physical model of the processed 3-D digital model was
created by a 3-D printer using commercially available polymeric filament materials. In
all studies, “Digital Imaging and Communications in Medicine” (DICOM) files from
MRI  or  CT  tomography  are  reconstructed  using  computer-aided  design  (CAD)
drawings software. Digital 3-D objects are sent to a 3-D printer, and 3-D models are
then ready for use[3] (Figure 1).

LITERATURE REVIEW
We performed a  thorough review of  the  literature  in  accordance  with  PRISMA
statement  guidelines,  using  the  PubMed,  Embase  and  ScienceDirect  indexing
databases[19]. “3D printing”, “three-dimensional printing” and “rapid prototyping”, in
combination with “liver”,  “hepatic”  or  “surgical”,  were used as  search terms to
identify relevant titles.  We included only original  papers written in English and
published  between  January  2008  and  August  2018.  Moreover,  we  excluded  the
semantically irrelevant studies that did not refer to the use of 3D printing in liver
surgery, based on the content of the abstract and the full text. The studies involving
non-human subjects, as well as those referring to 3D bioprinting, were also excluded
(Figure 2).

CURRENT STATUS AND CHALLENGES OF 3D PRINTING IN
HEPATIC SURGERY

Data extraction and appraisal
The initial  search retrieved 162 titles.  Two expert  reviewers screened the papers
independently, and after the removal of studies not meeting the inclusion criteria, 32
full-text papers were included (Figure 2). All included papers refer to 3D printing
applications strictly related to liver surgery. Characteristics, such as the study type,
the field of application, the study setting, the clinical or practical outcome and the
time and cost required, were extracted and are presented (Table 1).

Preoperative planning is the leading application of 3D printing technology. Fifteen
of the 32 studies refer to the utilization of 3D printed organs, based on the patients’
CT and MRI imaging data, to establish a better understanding of the lesions and the
surrounding structures  pre-operatively[16,20-33].  Ten studies  refer  to  the  use  of  3D
printed objects for educational uses[28,32,34-41], while seven studies describe and evaluate
the technical  properties  of  3D printed models[34-36,42-45].  Other uses of  3D printing
techniques account for six of the included studies[32,46-50]. Additionally, 20 of the studies
were case reports, reporting the use or the properties of one 3D printed model, while
seven were case series, involving more than one object. There were a limited number
of cohort studies and randomized controlled trials (RCT), constituting only seven and
four of the included studies, respectively. Cohort studies quantitatively explore the
characteristics of a group of 3D printed models or of a cohort of patients/trainees
where a 3D printing method is employed. RCTs compare the outcome (clinical or
educational)  of  a  3D printing method to  another  conventional  one.  Some of  the
studies described more than one application field using different study designs, and
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Figure 1

Figure 1  Long way from bedside to three-dimensional printed objects.

thus are included in more than one category. The results are summarized (Table 2).

Principles of function, and requirements of 3D printing
In the majority of the cases, 3D printers are “fed” with real patients’ data obtained
from CT and MRI imaging files. In particular, 26 of the 32 studies used CT-derived
images as the pool of data for the printer. In four of the 26 cases, the use of MRI
imaging was included. One study did not clarify the source of the 3D model’s data,
while the remaining five studies used alternative sources of data. The segmentation of
the images, and the conversion of the data to a “3D-printer-friendly” format, is a time-
consuming procedure, lasting from a few hours to a few days, and can be performed
by a variety of different software systems[18]. An .STL file, which is compatible with
the majority of 3D printers, is produced. The printer uses the .STL file to construct a
3D artificial object,  which simulates the shape of the individual’s structures with
precision. There is a variety of different 3D printers, each one compatible with specific
fabrication materials, selected according to the desired application. Both conventional,
personal 3D printers and professional, sophisticated 3D printing systems from big
companies were used. Printing time can also be time-consuming. Different structures,
such  as  the  biliary  tract,  gallbladder,  vessels,  parenchyma  and  tumor,  are
manufactured with different materials and colored in different colors, a procedure
often performed manually. In most cases, the parenchyma is transparent to allow
visibility of the inner structures, while in some cases it is not printed at all. Depending
on the  system employed,  the  materials  used,  the  size  and the  complexity  of  the
printed object, the time necessary for segmentation, conversion and printing, as well
as the economic cost can vary substantially[13,17,18]. Eighteen studies do not provide
clues about the time required, and 14 studies do not refer to the cost of printing.
Neither the cost, nor the time requirements are included in 11 of the studies. The
economic data and time information from the rest of the studies are inhomogeneous
and of poor quality. We can roughly say that the whole procedure time ranges from 1-
3 d, although there are many factors that determine this variable, and significant
deviations are observed[28,38]. The cost also displays a wide range, depending on the
method used and the size of the object. Seven studies use more economical settings at
a cost of around $100, four studies reach a cost of approximately $400-$600, and four
studies use high accuracy materials and techniques that exceed the cost of $1000
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Figure 2

Figure 2  PRISMA statement chart.

(Table 1). However, there are also numerous factors, such as the cost of the dyes, the
materials and the handmade work cost, that can drastically affect the cost and are
vaguely explained in most of the studies.

Preoperative planning
Preoperative planning is the most popular application of 3D printing in liver surgery,
and is referred to in 15 (47%) of the studies. The authors describe the potent use of 3D
printed models of the patients’ organs in helping them better understand the lesions
and the surrounding structures, as well as plan a more efficient surgical strategy. The
individualized, artificially manufactured liver replicates hold many advantages, such
as the tactile feedback, the ability to distinctly demonstrate the different structures by
using different colors, and the ability to reveal small lesions that could be invisible
intraoperatively[22]. However, there are also drawbacks regarding the cost and the
time they require[13,18]. Eleven of the studies describe its use in tumor resection and
partial  hepatectomy,  while  in  one  of  them it  is  mentioned that  the  surgery  was
abandoned, as the 3D printed model revealed that the tumor was unresectable[32]. One
study describes the use of 3D printing for reducing the radiation dose and detecting
small tumors[27],  while three studies exhibit the usefulness of 3D printing in liver
transplantations[20,23,26]. The majority of the studies referring to preoperative planning
with 3D printing are case reports (13 of the 15 studies, 87%)[21-33], while there are also
two (13%) case series,  one with six subjects (three organ donors and three LDLT
recipients), and the other with two[16,20].

Most of the studies report good results regarding the usefulness of 3D printing in
preoperative planning, although there is no objective evidence for any significantly
beneficial clinical outcome, as there are no RCTs that could compare the outcome of
these applications with the more traditional ones. Zein et al[19] was the first to describe
the application of 3D printing in liver surgery and the crucial field of transplantation.
This study employed 3D printed models to visualize the donors’  and recipients’
livers, and used them to both identify better anatomical landmarks and optimize
preoperative planning. It is mentioned that the mean errors of the measurements are
< 4 mm for the whole liver and < 1.3 mm for the diameter of the vessels. In 2014 and
2015, the number of publications concerning the use of 3D printing in preoperative
planning for liver surgery began to rise. There were three studies advocating the
beneficial role of 3D printing in partial hepatectomy for tumor removal[21,22,24], one
study testing these methods in pediatric patients with malignant tumors[25], and also
one study concerning transplantation[23].  Soejima et al[25]  tried to use a 3D printed
model to simulate the liver of a 11-mo-old female receiving LDLT for biliary atresia
after a failed Kasai procedure, as well as the liver of the donor father. The results were
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Table 1  Report of studies referring to 3D printing applications in liver diseases

Authors[REF], year Study type Field of application Imaging tools Outcome

Zein et al[19], 2013 Case series PP CT and MRI Accurate in providing liver
volume and size

measurement

Takagi et al[20], 2014 Case report PP, TP CT Reported reproducibility of
the model and possible future
aid to surgical procedures

Igami et al[21], 2014 Case report PP CT Helpful in preoperative
planning. Detects small
tumors invisible with
intraoperative US

Watson[36], 2014 Case series ET CT and MRI Ability of creating patient-
simulated 3D printed

liver models at low cost

Baimakhanov et al[22], 2015 Case report PP (transplantation) CT Helpful in preoperative
planning and surgical
training

Xiang et al[23], 2015 Case report PP (hepatectomy for tumor) CT Helpful in preoperative
planning

Dhir et al[33], 2015 Cohort study ET, TP MRCP Accurate understanding liver
anatomy

Souzaki et al[24], 2015 Case report PP CT Assists surgical planning
understanding of the
anatomy

Soejima et al[25], 2016 Case report PP CT Useful for small infants or
neonates Realistic liver graft
that is helpful in optimizing
the procedure

Leng et al[26], 2016 Case report PP CT Could be useful in reducing
radiation dose and detecting
small liver lesions

Kong et al[35], 2016 RCT, Cohort study ET, TP CT Αnatomy teaching and
significantly improved
knowledge

Kong et al[34], 2016 RCT, Cohort study ET, TP CT Τeaching of hepatic segments

Burdall et al[41], 2016 Cohort study TP CR, MRI Scored 5.6/10 for fidelity,
6.2/10 for complexity and
7.36/10 for usefulness. All
would suggest it and think it
is reproducible

Takao et al[42], 2016 Case series TP CT High accuracy of 3D

Koganemaru et al[45], 2016 Case report PP CT Successful embolization and
follow-up markers

Javan et al[37], 2016 Case series ET CT Useful in comprehending
difficult anatomical
structures

Witowski et al[12,27], 2017 Case report PP, ET CT Useful for planning
procedures like hepatic
resection and for educational
purposes.

Kuroda et al[15], 2017 Case series PP CT Successful resection

Madurska et al[28], 2017 Case report PP CT, MRI Anatomical structures and
lesions were clearly
demonstrated

Oshiro et al[29], 2017 Case report PP CT The surgical procedure was
easier, and the visibility of
small tumors was improved

Perica et al[17,30], 2017 Case report PP CT Possible benefit in
preoperative planning and
intraoperative guidance

Andolfi et al[31], 2017` Case report PP ET, PE VR Clearer observations of the
relationship between the
mass and blood vessels

Trout et al[46], 2017 Case series PP CT, MRI A new technique to
standardize hepatic
sectioning was used
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Weng et al[47], 2017 Case report PP, TP CT, MRI Positive comments from
relatives and experts

Choi et al[43], 2017 Cohort study TP CT, US No significant difference in
tumor size was found
between the CT images and
3D model measured with US

Bücking et al[44], 2017 Case series TP CT High accuracy in fidelity

Igami et al[32], 2017 Case report PP CT The 3D printed model was
useful in determining the
resection line

Yang et al[48], 2018 Cohort study PE CT Parental understanding of
basic liver anatomy

Li et al[38], 2018 RCT ET CT The 1st group, trained with
the 3D printed model

Yang et al[39], 2018 RCT ET CT Better understanding liver
anatomy

Javan et al[40], 2018 Case report ET CT, MRI Abscess drainage, artery
embolization, and catheter
placement procedures were
well-exhibited

Tang et al[49], 2018 Case report VR CT Navigation was effective,
although stability in tracking
was not satisfactory

3D: Three-dimensional; PP: Preoperative planning; ET: Education and training; PE: Patient education; TP: Evaluation of technical properties; RCT:
Randomized controlled trial; CT: Computed tomography; MRI: Magnetic resonance imaging; LDLT: Living donor liver transplantation; MRCP: Magnetic
resonance cholangiopancreatography; VR: Virtual reality; AR: Augmented reality; 2D: Two-dimensional; US: Ultrasound.

reported as encouraging. Leng et al[26] developed a method, involving 3D printed liver
models, to reduce radiation dose and detect small liver lesions. In 2017, there were six
original papers that described the beneficial effects of 3D printing in the preoperative
planning of liver surgeries[16,28-32], while no similar studies were published in 2018.
Although these studies clearly explain the concept of involving 3D printing in hepatic
surgery, and the opinions are expressed by prominent professionals, they have been
designed as case reports or case series, so it is therefore impossible to objectively
compare their results to another preoperative planning method. Moreover, there is
insufficient  information  in  most  of  the  studies  concerning  the  time  and  cost
requirements that would allow for the accurate evaluation of their overall efficiency in
the context of these two critical factors.

Education and training
Both  student  education  in  liver  anatomy and resident  training  in  liver  surgical
techniques with the use of 3D printed models are the second most widely studied
application. Ten studies refer to this field, five of which were designed as case reports
or  case  series[28,32,37,38,41],  one  was  an  observational  cohort  study[34]  and four  were
RCTs[35,36,39,40]. The case reports and case series state that 3D printed models could help
in both the understanding of liver anatomy and surgical training, but fail to provide
objective evidence. Dhir et al[33] was the first to use 3D printed liver models to train a
cohort of 15 individuals in EUS-guided biliary drainage (EUS-BD) and, moreover, to
measure the educational outcomes. The success rates were: 100% for needle puncture,
82.35% for  wire  manipulation and 80% for  stent  placement.  However,  the  more
experienced trainees were found to score lower in stent  placement.  This  may be
attributed to the small sample size that may not have supported safe comparison
tests.  Two RCTs were published in 2016[35,36],  and two in 2018[39,40],  comparing the
educational  impact  of  3D printing to  more conventional  strategies.  Kong et  al[34]

randomized 61 medical students into three cohorts: the 1st was trained in 3D printed
models, the 2nd in 3D virtual models on computers and the 3rd in traditional anatomy
atlases. The results favored both 3D printed and virtual models against the traditional
atlases. However, the sample was small, and there was no cost analysis to the use of
3D printing against 3D virtual methods. In another study that same year, Kong et al[35]

randomized 92 students into four groups, and trained them in different settings: The
1st was trained on a 3D printed model with hepatic segments without parenchyma, the
2nd on a 3D printed model with hepatic segments with transparent parenchyma, the 3rd

on a biliary tract model with segmental partitions and the 4th on traditional anatomic
atlases.  In  general,  the  3rd  group was  found to  have better  results,  although the
samples in the randomized groups may also lack enough statistical power. Li et al[38]

tried to use 3D printed models against virtual, computer-based 3D models in order to
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Table 2  Cross-tabulation of the study characteristics

Field of application
Type of study

Sum
Case report Case series Cohort studies RCT

Preoperative planning 13 2 0 0 15

ET 3 2 1 4 10

TP 0 2 5 0 7

Other 4 1 1 0 6

Sum 20 7 7 4

ET: Education and training; TP: Evaluation of technical properties; RCT: Randomized controlled trial. Five of
the studies belong to more than one application group, and they display different study types for each
application, thus belonging to more than one cell.

train 20 individuals in choledochoscopy. Although the randomized sample was also
small, the design was sophisticated, and the results showed 3D printed models to be
superior. Yang et al[39] evaluated the educational impact of 3D printed models against
3D virtual models and CT-based tools, and found them to be superior. These studies
provide significant evidence that 3D printing could be applied in education and
training in liver surgery, although they may have some methodological weaknesses.

Evaluation of technical properties
There are also a number of studies that aim to evaluate the technical properties of 3D
printed models, such as their accuracy in simulating the real organ. There are seven
published studies, two of which are case series[43,45] and five of which are observational
cohort studies[34,36,36,42,44]. The case series mention high accuracy and fidelity of the 3D
printed models when compared with the CT-derived models. Choi et al[43] printed 20
CT-based 3D livers with tumors, and measured the sizes of the anatomical structures
with US. The results were not significantly different from those derived from CT,
indicating high accuracy. Burdall et al[41] constructed a liver-like base with a cuboid
slot in which a sponge with a green balloon, simulating the gallbladder, was placed.
This setting was evaluated by ten trainees for its possible educational effect,  and
scored high for fidelity, complexity, usefulness and reproducibility. Dhir et al[33], Kong
et al[34] and Kong et al[35], except for measuring the differences in the educational impact
between the different cohorts of trainees, also employed independent teams of experts
to quantitatively evaluate the settings. The results showed 3D printed models to be
equal to or more satisfactory than computer-based virtual 3D models, and better than
older, traditional strategies.

Additional applications
Additional uses of 3D printing in liver surgery are described in six studies. Andolfi et
al[31] and Yang et al[48] describe the effect 3D printed liver models can have on patient
education. They can enlighten the patients about their condition, and contribute to the
facilitation of a better understanding and patient-physician collaboration. Tang et al[49]

proposes the use of 3D printed models when training in AR-assisted endoscopy.
Although the  setting  and equipment  were  described thoroughly,  there  were  no
quantitative variables in the study that could measure the benefit of this method.
Weng et al[47] describes an alternative use of 3D printing. 3D printed objects were used
to replace the heart, the kidneys and the liver of a brain-dead patient whose organs
were removed for transplantation. In this study, the motives and the relevant ethical
issues  are  explained,  as  well  as  the cost  and the procedure.  Koganemaru et  al[45]

reported the use of a CT-based, 3D printed copy of a portacaval shunt following
transplantation, to better understand the complication and decide the embolization
technique and material. Additionally, Trout et al[46]  described a 3D printing-based
technique for applying better sectioning to explants, resulting in better pathology
results.

Impact of 3D printing technology in the era of hepatobiliary surgery
In this systematic review, we analyzed and reported the findings of 32 original studies
concerning the role of 3D printing models in liver surgery. As indicated from the
literature, 3D printing has already been applied to a variety of relevant fields, with
preoperative  planning  as  the  one  most  commonly  reported.  The  second  most
encountered application is for educational and training purposes. The remaining
studies evaluate the technical aspects of 3D printed models, or refer to some less
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frequent uses. 3D printed models of patients’ livers have been found to be useful in
preoperative planning, as they provide a more realistic view of the lesion and the
surrounding anatomical structures, a conclusion shared by other reviews as well[13,15,18].
These models can also offer the ability to interact with a graspable object, so that
surgical manipulations can be tested, in contrast with 3D visualizations based on a
computer  setting.  Although  virtual  and  augmented  reality  techniques  can  also
provide tactile feedback, they lack fidelity with the current equipment available[50].
The most  common type of  surgery was partial  hepatectomy for  the  resection of
malignant tumors, while three studies applied 3D printing methods in LDLT[20,23,26].
The application in transplantation seems to be extremely helpful, as it can provide
models  for  both  donor  and recipient  livers,  thus  enabling  the  surgeon to  better
understand the crucial landmarks and structures, as well as better prepare for the
procedure and avoid the large-for-size syndrome[26]. Education offers a great field for
3D printing applications, as the innovative technology can address the need for high
quality visualization of the interior, tactile feedback and reproducible models. 3D
printed copies are used both in anatomy teaching and for providing tools for training
in advanced interventions, such as choledochoscopy. Some studies have evaluated the
accuracy and reproducibility of 3D printed models in a positive manner. Remarkably
interesting are some rarely encountered uses of 3D printing in liver surgery, such as
its use in filling the hollow cavities of brain-dead patients after the removal of their
organs, or its involvement in a novel technique for better sectioning of explants for
pathology purposes[47,48]. These are examples of the numerous yet unknown uses of
such techniques and technologies, and can lead the way for further exploration.

Although 3D printing exhibits significant advantages, there are certain drawbacks
that may undermine its wide use. The large eco nomic cost and the extended time
required for printing are often referred as such in the literature[13,31]. Unfortunately,
these types of information are inadequately reported in the included studies, and
when  they  do,  there  are  numerous  factors  that  can  significantly  affect  these
parameters, which are rarely explained. As far as the cost is concerned, the price for
printing one model starts at around $100 and can exceed $1000. However, the printing
technique and the printer, the fabrication materials used, and the size of the model
can drastically change the cost. Moreover, in some studies, the printing is assigned to
third  specialized  companies,  which  may  include  extra  costs  in  the  final  price
(branding, shipping costs) or make marketing discounts. In some studies, the lesions,
biliary tract and vascular structures are printed, but not the parenchyma, not only for
educational/clinical reasons (touching the structures), but also to reduce the cost. In
terms of time, it seems that not only the printing procedure itself is a time-consuming
process, but so are the preliminary stages of image segmentation and data conversion
to a printer-compatible format. The size of the model, the desired quality and the
software used determine the needed time.

Our findings are in agreement with the conclusions of  other relevant reviews.
According to  our  search,  there  have  been four  reviews analyzing the  use  of  3D
printing in liver pathology[13,17,18,51,52]. Three of the reviews include less than or equal to
19 studies[17,18,51,52], while Witowski et al[12] also includes articles referring to 3D tissue
bioprinting. One review was published in 2016, two in 2017 and two in 2018. In the
current  review,  32  original  papers  were  included,  which  makes  it  the  most
comprehensive review in this rapidly developing field. One of the limitations of this
review is that the majority of the studies included were case reports or case series,
while there were only few observational cohort studies and RCTs. The observational
cohort design was mainly used in studies that evaluated the technical properties of
the models.  In most  cases,  a  group of  experts  evaluated specific  variables of  the
models, such as their accuracy, their potential usefulness (according to the evaluators’
subjective judgement)  or their  reproducibility.  In these studies,  the scores of  the
various  models  were  not  compared  to  other  standardized,  gold-standard  tech-
niques[34-36,42,44]. On the contrary, the included RCTs evaluated the effect of 3D printed
models against other conventional methods, such as 3D visualizations on computers
or CT imaging, mostly in the field of educational applications[35,36,39,40]. However, even
these papers,  which constitute the most robustly designed studies,  contain small
sample sizes that fail  to add statistical power to the tests used. All of the studies
referring  to  preoperative  planning are  case  reports  or  case  series,  reporting  the
subjective evaluation of the experts using these models in single cases. This can at
least  partly  be explained by the fact  that  an RCT would require  many different,
individualized 3D printed models of the livers of the intervention cohort,  which
would be discouragingly costly. Moreover, even if an RCT with sufficiently large
samples could show the clinical benefit of 3D printing, we would also have to assess
the cost of the intervention in order to conclude, not only if it is an effective method,
but also if it constitutes a cost-efficient and massively applicable one. More RCTs are
needed that will show the possible superiority of 3D printing methods against more
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conventional  ones,  and  will  extensively  report  the  time  and  cost  aspects.  This
thorough  evaluation  of  3D  printing  technology,  and  its  medical  and  surgical
applications,  is  critical,  as  the  key  question  remains  whether  this  impressive,
innovative technology will actually benefit our patients and their families. As we are
at the dawn of this new technology, we expect to continue seeing new evidence and
expanding our knowledge.

CONCLUSION
3D  printing  is  a  novel  technique  that  has  applications  in  several  liver  surgical
conditions.  Most published studies refer to its  use in preoperative planning and
education.  Although the advantages  it  offers  seem numerous,  the cost  and time
required for the whole process is currently an important issue. As this technology has
emerged recently,  we can speculate that these drawbacks will  be resolved in the
future so that these methods will be widely accessible and better explored.
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Abstract
BACKGROUND
Acute liver failure (ALF) is a life-threatening syndrome with varying aetiologies
requiring complex care and multidisciplinary management. Its changing
incidence, aetiology and outcomes over the last 16 years in the Australian context
remain uncertain.

AIM
To describe the changing incidence, aetiology and outcomes of ALF in South
Eastern Australia.

METHODS
The database of the Victorian Liver Transplant Unit was interrogated to identify
all cases of ALF in adults (> 16 years) in adults hospitalised between January 2002
and December 2017. Overall, 169 patients meeting criteria for ALF were
identified. Demographics, aetiology of ALF, rates of transplantation and
outcomes were collected for all patients. Transplant free survival and overall
survival (OS) were assessed based on survival to discharge from hospital. Results
were compared to data from a historical cohort from the same unit from 1988-
2001.

RESULTS
Paracetamol was the most common aetiology of acute liver failure, accounting for
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50% of cases, with an increased incidence compared with the historical cohort (P
= 0.046). Viral hepatitis and non-paracetamol drug or toxin induced liver injury
accounted for 15% and 10% of cases respectively. Transplant free survival (TFS)
improved significantly compared to the historical cohort (52% vs 38%, P = 0.032).
TFS was highest in paracetamol toxicity with spontaneous recovery in 72% of
cases compared to 31% of non-paracetamol ALF (P < 0.001). Fifty-nine patients
were waitlisted for emergency liver transplantation. Nine of these died while
waiting for an organ to become available. Forty-two patients (25%) underwent
emergency liver transplantation with a 1, 3 and 5 year survival of 81%, 78% and
72% respectively.

CONCLUSION
Paracetamol toxicity is the most common aetiology of ALF in South-Eastern
Australia with a rising incidence over 30 years. TFS has improved, however it
remains low in non-paracetamol ALF.

Key words: Liver failure; Acute; Paracetamol; Australia; Victoria; Liver transplant

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Acute liver failure (ALF) is a life-threatening syndrome with varying
aetiologies based on geographic location. Paracetamol is the most common cause of ALF
in South Eastern Australia with a rising incidence over 30 years. Despite this,
transplantation for paracetamol induced ALF is lower than other large centres at 4% with
a comparable overall survival. Non-paracetamol ALF however portends a poor prognosis
with less than one third surviving without emergency liver transplantation.

Citation: Hey P, Hanrahan TP, Sinclair M, Testro AG, Angus PW, Peterson A, Warrillow S,
Bellomo R, Perini MV, Starkey G, Jones RM, Fink M, McClure T, Gow P. Epidemiology and
outcomes of acute liver failure in Australia. World J Hepatol 2019; 11(7): 586-595
URL: https://www.wjgnet.com/1948-5182/full/v11/i7/586.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i7.586

INTRODUCTION
Acute liver failure (ALF) is a clinical syndrome characterised by severe liver injury
associated with the development of coagulopathy and hepatic encephalopathy in the
absence of known pre-existing liver disease[1].  The causes of ALF differ markedly
based on geographic location[2]. In developing countries viral hepatitis is the most
common aetiology, whereas in the developed world, the majority of ALF cases are
due to paracetamol poisoning and / or other drug reactions[3-5].

Historically, ALF was associated with low rates of spontaneous survival and in
regions  with  transplant  programs,  the  majority  of  eligible  patients  underwent
emergency liver transplantation (ELT)[6].  However, more recently, transplant-free
survival (TFS) has improved[3,7,8]. In the United States, rates of liver transplantation for
ALF have been reported to be as low as 20% with an overall  survival to hospital
discharge of 75%[8]. For non-paracetamol aetiologies, however, TFS is less than 30%,
and ELT has an established survival benefit[9]. In contrast, for paracetamol induced
ALF, TFS is much higher and the survival advantage of transplantation is less clear [10].

The Victorian Liver Transplant Unit (VLTU) provides liver transplantation and
quaternary hepatology services for a population of 6.7 million in South-East Australia,
representing 27% of the total Australian population[11]. Essentially all cases of ALF are
referred to the VLTU, with only very few patients either not referred or dying prior to
transfer.  King’s  College  Criteria  is  used to  determine  suitability  for  liver  trans-
plantation.

The primary aim of this study was to report the aetiology, incidence and outcomes
of all adult cases of ALF presenting to the VLTU over the last 16 years. Our secondary
aim  was  to  compare  current  data  to  historical  data  by  the  same  unit[12].  We
hypothesised that the incidence and underlying causes of ALF across the population
would be unchanged, but that outcomes would be improved despite relatively low
utilization of ELT.
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MATERIALS AND METHODS
All adult patients with ALF aged greater than 16 years managed at the VLTU between
January 01, 2002 and December 31, 2017 were included in this study. ALF was defined
as  acute  liver  injury  with  the  development  of  coagulopathy  and  hepatic
encephalopathy within 26 wk of onset of symptoms, in the absence of known chronic
liver disease[13]. Data were extracted from the VLTU database for comparison with a
previously published historical cohort[12]. Patients with previous liver transplantation
and primary non-function of the graft were excluded.

Information was collected from the unit database and crosschecked against medical
records. The aetiology of ALF was determined by the treating team based on clinical
history, paracetamol levels, viral and autoimmune serology, metabolic testing and, if
available, histology from liver biopsy or explant specimens. Indeterminate ALF, also
known as non-A non-B hepatitis or seronegative hepatitis, was diagnosed when all
other aetiologies had been excluded.

Demographics,  aetiology of  ALF,  rates  of  transplantation and outcomes were
collected for all  patients. Transplant free survival and overall survival (OS) were
assessed  based  on  survival  to  discharge  from hospital.  Patients  who  recovered
without the need for liver transplantation were typically discharged back to the care
of  the  referring health  service  and therefore,  long-term outcomes are  unknown.
Medical records of patients who undergo liver transplantation, however, are regularly
updated and were used to calculate post-transplant survival.

This  study was  approved through the  Austin  Health  Human Research Ethics
Committee.

Statistical analysis
The incidence of ALF was calculated based on annual local population data available
from the Australian Bureau of Statistics. Where data was normally distributed (by
Shapiro-Wilk  analysis),  two-tailed  student  t-tests  were  used  to  compare  for
significance. Data not meeting normality criteria were reported as median (IQR) and
compared using the Mann-Whitney U test. To assess differences in endpoints and
changes in aetiology over time, data were first analysed by comparison of the two
cohorts, and then as a continuous set. For categorical data, comparison was made
using chi-square test. Time-series analysis was completed using linear regression.

RESULTS
Records  of  221  patients  who  had  a  diagnosis  of  acute  liver  injury  on  the  liver
transplant database were reviewed. Twenty-one patients were excluded due to the
absence of hepatic encephalopathy. Twenty-two cases were excluded as they had
underlying cirrhosis with acute decompensation and four cases because they had
been transplanted at other centres. Five patients were excluded because they suffered
ALF secondary to primary graft non-function after liver transplantation for non-ALF
indications.

One hundred and sixty-nine patients met the inclusion criteria. One hundred and
thirty-two cases  (78%) were female  and 37 (22%) were male.  The median age at
presentation  was  41  years[31;52]  for  females  and 37  years[27;49]  for  males.  The
median rate of referral over the study period was 9 cases per year, or 1.6 cases per
million population per year. Twenty-two patients (13%) presented directly to our
centre, 118 cases (70%) were referred from other metropolitan hospitals and 29 (17%)
from regional  and rural  hospitals.  One hundred and fifty-seven patients (92.9%)
required support in the intensive care unit during their admission.

Aetiology
Paracetamol toxicity was the most common cause of ALF accounting for a total of 84
cases (50%) (Table 1). The median rate of paracetamol induced ALF referred to the
centre over the 16-year study period was 0.7 cases per million population per year[11].
Non-paracetamol drug or  toxin induced liver  injury was the cause of  ALF in 17
patients (10%). Viral hepatitis was the cause of ALF in 26 cases (15%). This included
20 cases of fulminant hepatitis B virus (HBV) infection and two from reactivated
chronic  HBV  following  systemic  chemotherapy.  Hepatitis  A  virus  (HAV)  was
identified in four cases. Other viral aetiologies included herpes simplex virus-2 (HSV)
and varicella zoster virus both in isolated cases.

Fulminant  autoimmune  hepatitis  was  diagnosed  in  nine  patients  (5%).  The
diagnosis  was  made  based  on  a  combination  of  positive  auto-antibody  testing,
elevated IgG levels and histology results either during the episode of ALF or after
recovery.  ALF  secondary  to  malignancy  was  identified  in  four  patients.  Veno-

WJH https://www.wjgnet.com July 27, 2019 Volume 11 Issue 7

Hey P et al. Acute liver failure in Australia

588



Table 1  Drugs and toxins implicated in cases of acute liver failure managed at the Victorian
Liver Transplant Unit from 2002-2017

Drug/Toxins
Cases of ALF Waitlisted for ELT ELT

(n = 101) (n = 21) (n = 13)

Paracetamol 84 11 3

Antibiotics 4 2 2

Amoxicillin/clavulanate (2), clarithromycin, isoniazid

Infliximab 2 2 2

Illicit drugs 4 1 1

LSD, injected buprenorphine, amphetamines, MDMA

NSAIDs 1 1 1

Amanita phalloides 1 1 1

Herbal medicines

Black cohosh herb, kava kava 2 2 2

Other

Moxonidine, fenofibrate, chlorambucil 3 1 1

ALF: Acute liver failure; ELT: Emergency liver transplantation; NSAIDs: Non-steroid anti-inflammatory
drugs; LSD: Lysergic acid diethylamide; MDMA: Methylenedioxymethamphetamine; NSAIDs: Non-steroidal
anti-inflammatory drugs

occlusive  disease  caused  ALF  in  one  case  following  allogeneic  stem  cell  trans-
plantation.  Wilson’s  disease was the cause of  ALF in two cases.  Severe ischemic
hepatitis due to hepatic artery injury and extensive portal vein thrombosis resulted in
ALF in four patients.

ALF occurred in five patients during pregnancy. Aetiologies included acute fatty
liver disease of pregnancy, HSV hepatitis and pregnancy-precipitated liver failure
from a urea-cycle disorder[14].  Unintentional paracetamol poisoning causing ALF
occurred in two cases in the context of hyperemesis and malnutrition. One of these
cases  presented  with  foetal  death  in  utero  in  the  third  trimester  of  pregnancy,
however in all other pregnancies, the infants survived. Twenty-one cases (12%) were
classified as indeterminate ALF after exclusion of other aetiologies.

Survival
Over the study period the TFS was 52% and OS to discharge from hospital was 72%.
TFS  was  significantly  higher  in  patients  with  paracetamol  induced ALF at  74%
compared to non-paracetamol aetiologies at 31% (P < 0.0001). OS however did not
differ significantly at 77% and 67% for paracetamol and non-paracetamol aetiologies
respectively (P = 0.13). ALF caused by indeterminate hepatitis had the lowest TFS at
10%.

Transplantation
Fifty-nine patients (35%) were waitlisted for transplantation (Figure 1). Eight patients
improved and were delisted, however one subsequently died of sepsis. One patient
was delisted following an intraoperative finding of ischemic gut and eight patients
died  while  waiting  for  a  donor  liver  (14%).  42  patients  (25%)  underwent  liver
transplantation for ALF. Rates of liver transplantation were highest in patients with
indeterminate hepatitis at 67%. Only three patients with paracetamol induced ALF
were transplanted (4%).

After  medical  and  psychosocial  assessment,  liver  transplantation  was  con-
traindicated in 24 patients. Of these, fifteen cases were deemed medically unsuitable
for transplantation. Medical contraindications included uncontrolled sepsis, ischemic
bowel,  intracranial  events,  active malignancy and known severe coronary artery
disease. Only three (20%) of these patients recovered and survived to discharge. Six
patients had psychiatric or psychosocial contraindications and three patients had
concurrent  heavy alcohol  intake  rendering  them unsuitable  for  transplantation.
Paracetamol  was  the  cause  of  ALF  in  eight  of  these  patients  (89%).  Four  (44%)
recovered and were discharged from hospital.

For patients undergoing liver transplantation for ALF, 1, 3 and 5-year survival was
81%,  78%  and  72%  respectively.  Seven  patients  (17%)  died  within  30  d  of
transplantation.  The  aetiology  of  ALF for  such  patients  included indeterminate
hepatitis  (2),  AIH (2),  drug and toxins  (2)  and hepatic  arterial  injury  leading to
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Figure 1

Figure 1  Flowchart of outcomes of patients meeting criteria for acute liver failure.

ischamic heptitis (1). Causes of death post operatively included sepsis in three cases,
cardiovascular or cerebral events in three patients and hepatic artery thrombosis in
one case.

Comparison over time
Compared to historical data published by the unit from 1988-2001[12]. there was no
difference  in  age  at  presentation  or  gender  distribution  (Table  2).  Paracetamol
poisoning remained the most common aetiology over the two time periods. There was
a significant increase in the rate of paracetamol-induced ALF in this current data set
compared  to  the  historical  cohort  (36%  vs  50%,  P  =  0.046).  When  presented  as
continuous data, linear regression analysis also identified a significant increase in
paracetamol-induced ALF per capita across the 30 years (R2 = 0.275; F(1,28) = 10.643, P
= 0.003) (Figure 2). Overall ALF referrals to the unit also increased significantly over
the time period (R2  = 0.178; F(1,28) = 6.074, P  = 0.020). Comparing this dataset to
historical data (1988-2001) also identified no differences in rates of viral hepatitis.

TFS to discharge from hospital improved in the present study compared to the
historical cohort from 38% to 52% (P = 0.032). An improvement in TFS was observed
in both paracetamol toxicity (69% vs 74%, P = 0.614) and non-paracetamol aetiologies
(20% vs 31%, P = 0.160) although neither met significance (Table 3). Overall, there was
no statistically significant difference in hospital survival (63% to 72%, P = 0.122) or
transplantation rates for ALF (33% to 25%, P = 0.206).

DISCUSSION
This cohort study represents the largest modern series of patients presenting with
ALF in Australia. As the sole liver transplant unit responsible for a population of 6.7
million, the VLTU captured both the incidence and outcomes of this rare but life-
threatening syndrome. We identified paracetamol toxicity as the commonest cause of
ALF,  responsible  for  50% of  presentations.  We also  found an  increasing  rate  of
paracetamol induced ALF referrals to our centre over a 30-year period. Finally, we
found that transplant-free survival for both paracetamol toxicity and non-paracetamol
aetiologies has improved, but that spontaneous survival for non-paracetamol ALF
remains  low.  This  is  particularly  the  case  for  indeterminate  hepatitis  and  non-
paracetamol drug-induced liver injury, highlighting the need for early referral to a
transplant centre.

Our reported prevalence of paracetamol-induced ALF is similar to series from the
United Kingdom and United States with rates ranging from 37%-79%[3,4,15]. However,
of concern, this is the only cohort to show an overall steady increase in its incidence.
These results differ from local Victorian data demonstrating a decrease in hospital
admissions for non-ALF paracetamol poisoning from 2000 to 2007[16]. In the United
States,  rates of ALF due to paracetamol poisoning have also fallen following the
introduction of paracetamol sales restrictions in 1998[3,17]. These regulations limited
pharmacy sales  to  a  maximum of  32  tablets  per  pack.  While  restrictions in  non-
pharmacy sales of paracetamol have been in place in Australia since 2013, packets of
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Table 2  Demographics and aetiology of acute liver failure managed at the Victorian Liver
Transplant Unit in a historical cohort† compared to current series

1988-20011 (n =
80) 2002-2017 (n = 169) P value

n % n %

Referral rate2, median [IQR] 1.2 [0.6;1.6] 1.6 [1.3;1.7] 0.020

Age, yr, median [IQR] 36 [27.0;48.0] 40 [30.0;52.0] 0.168

Gender

Male 16 20.0 37 21.9

Female 64 80.0 132 78.1 0.733

Aetiology

Paracetamol 29 36.3 84 49.7 0.046

Viral hepatitis 11 13.8 26 15.3 0.734

Hepatitis B 8 10.0 20 11.8 0.669

Hepatitis A 3 3.8 4 2.4 0.538

Varicella zoster 0 0.0 1 0.1 0.491

Herpes simplex 0 0.0 1 0.1 0.491

Non-paracetamol drug/toxin 5 6.3 17 10.1 0.323

Indeterminate 27 33.8 21 12.4 <0.001

Autoimmune hepatitis 0 0.0 9 5.3 0.036

Other 8 10.0 12 7.1 0.432

Waitlisted for transplantation 35 43.8 59 33.5 0.179

Waitlist mortality 9 25.7 8 13.6 0.139

Liver transplantation 26 32.5 42 24.9 0.206

Transplant-free survival 30 37.5 88 52.1 0.032

Overall hospital survival 50 62.5 122 72.2 0.122

1Gow et al[12], 2001;
2Referral rate per million population per year. IQR: Interquartile range.

up to 100 tablets are still readily available in pharmacies. Risk factors for ALF from
paracetamol include prolonged fasting and malnutrition often resulting in inadvertent
toxicity[18]  and  combination  pain  relief  products  can  also  result  in  accidental
overdose[16]. Improved awareness and public health strategies to address these factors
may curtail this trend in life-threatening paracetamol toxicity.

Viral  hepatitis  was the second most common cause of ALF in this series.  HBV
accounted for 12% of all  cases of ALF with no change compared to the historical
cohort. This is in contrast to the declining incidence of HBV-induced ALF in other
developed countries[3,19,20]. This may in part reflect the fact that many older Australians
are  still  not  vaccinated  against  the  virus[21].  Also,  Australia  has  high  rates  of
immigration from countries in Asia where HBV remains endemic. Fulminant flares of
HBV in  the  setting of  inappropriately  ceasing anti-viral  therapy was a  common
background scenario in this patient group. Additionally, two patients in this cohort
developed ALF from HBV infection during treatment of haematological malignancies
with  systemic  chemotherapy.  In  both  cases,  reactivation of  HBV was  fatal.  This
emphasises the importance of early identification of patients at risk, monitoring and
prophylaxis with nucleoside analogues where appropriate[22].

Hepatitis A was the cause of ALF in just four (2%) of our cases. HAV vaccination is
not routine in Australia and is recommended only in high-risk populations including
men who have sex with men and travellers to endemic areas. However, outbreaks do
occur in a predominantly non-immune population[23].  Of note,  three of  the HAV
induced ALF cases occurred in the same year,  coinciding with a large food-born
outbreak of HAV in Victoria [24].  While HAV and HBV were uncommon causes of
ALF, mortality and morbidity were high with less than 40% of this patient population
surviving without transplantation.

In this series we demonstrated that patients with paracetamol induced ALF have
high rates of spontaneous survival and are unlikely to require transplantation. Indeed,
rates  of  transplantation for  paracetamol  poisoning in  this  cohort  are  lower than
reported by other large centres at 8%-25% but with comparable overall survival[3,15,18].
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Figure 2

Figure 2  Rate of paracetamol induced acute liver failure per capita.

The role of ELT in paracetamol induced ALF has been questioned for more than 25
years[25]. King’s College Hospital have been the world leaders in defining patients with
paracetamol induced ALF who will die without transplantation and these criteria
have been debated and refined over the last 30 years[1,10,26-28]. More recently the King’s
group  have  questioned  whether  transplantation  plays  any  role  in  paracetamol
induced ALF[28].  Our own policy is to consider transplantation only for the small
subgroup  of  patients  who  have  progressive  coagulopathy  and  hyperlactatemia
despite 48-72 hours of supportive treatment.

Over the 30-year period under review, TFS for ALF improved significantly. This
finding has been observed in other large cohorts[3,4,8,15]. Early recognition of ALF and
referral to specialised transplant centres may be one factor that has improved TFS.
Supportive  care  for  ALF  within  intensive  care  units  has  also  evolved.  This  is
particularly the case in the monitoring and management of cerebral oedema. For the
last decade, we have had a protocolised approach to the management of this patient
group with the aim of minimizing deaths from cerebral oedema. This combination
approach,  termed  “quadruple-H  therapy”  comprises  hyperventilation,  hyper-
natremia,  hypothermia  and hemodiafiltration[29].  This  multimodal  approach has
minimised  the  use  of  invasive  intracranial  pressure  monitoring  devices.  Death
attributed to cerebral oedema occurred in just one patient (0.6%) in this series.

Despite improvements in supportive care, transplantation still plays a pivotal role
in this condition. Organ allocation in Australia is typically State based. However,
patients with ALF who are ventilated in intensive care are classified as a category 1
and are allocated the next suitable organ within Australia or New Zealand[30]. Despite
this approach, waitlist mortality remained high. There is often a brief window period
where patients with ALF can be transplanted before they develop refractory multiple
organ failure. Therefore, timely availability of a suitable donor organ for waitlisted
patients remains critical.

This  is  the  largest  Australian  cohort  to  report  on  the  changing incidence  and
aetiology of ALF. We identified a concerning rise in paracetamol toxicity causing ALF.
However, despite the high incidence of paracetamol induced ALF, we report on our
very low use of ELT in this group of patients despite a comparable overall survival to
other large international centres.

This  study has several  limitations.  Firstly,  this  is  a  retrospective study,  which
interrogated prospectively recorded data. The diagnosis of ALF requires the presence
of  hepatic  encephalopathy,  which relied on the  adequate  documentation of  this
clinical finding in medical records. Additionally, these data did not include patients
who were treated at other centres. It is possible that death prior to transfer, suicidal
intent,  substance  abuse  or  significant  comorbidities  deemed  unsuitable  for
transplantation may have prevented some patients being referred to the VLTU.

In conclusion, paracetamol toxicity remains the most common aetiology of ALF,
with increasing rates over time, highlighting the need for public health measures to
reduce this preventable cause.  TFS has improved which may reflect  advances in
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Table 3  Outcomes of acute liver failure managed at the Victorian Liver Transplant Unit in a
historical cohort† compared to the current series

Aetiology TFS (%) OS (%)

1988-
20011

2002-2017 P
value 1988-20011 2002-2017 P

value

n % n % n % n %

Paracetamol 20 69.0 62 73.8 0.614 21 72.4 65 77.4 0.589

Non-paracetamol 10 19.6 26 30.6 0.160 29 56.9 57 67.1 0.230

Viral hepatitis 2 18.2 10 38.4 0.228 5 45.5 18 69.2 0.173

HBV 2 25.0 7 35.0 0.609 4 50.0 14 70.0 0.318

HAV 0 0.0 3 75.0 0.047 1 0.33 3 75.0 0.270

Drug/toxin induced 3 60.0 5 29.4 0.211 4 80.0 12 70.6 0.678

Autoimmune hepatitis 0 0.0 3 33.3 - 0 0.0 6 66.7 -

Indeterminate hepatitis 5 18.5 2 9.5 0.381 15 55.5 14 66.7 0.435

Other 0 0.0 6 50.0 0.017 5 62.5 7 58.3 0.852

1Gow et al[12], 2001. TFS: Transplant-free survival; OS: Overall hospital survival; HBV: Hepatitis B virus;
HAV: Hepatitis A virus.

supportive care measures. Regardless, the majority of cases of non-paracetamol ALF
still require transplantation and therefore early referral to a specialised transplant
centre remains imperative.

ARTICLE HIGHLIGHTS
Research background
Acute  liver  failure  (ALF)  is  a  rare  clinical  syndrome  with  varying  aetiologies  based  on
geographic  location.  This  condition  is  associated  with  high  morbidity  and mortality,  and
emergency liver transplantation is often life-saving.

Research motivation
In Australia, published data from 1988-2001 demonstrated that paracetamol toxicity was the
major cause of ALF, followed by non-A non-B hepatitis. An updated analysis of aetiologies and
outcomes in an Australian context is therefore required.

Research objections
This study aimed to provide a description of the aetiologies and outcomes of acute liver failure
presenting to a large Australian liver transplant centre. We also aimed to describe changes over
the past thirty years since the availability of liver transplantation for this condition.

Research methods
This is a retrospective cohort study of all patients admitted to the Victorian Liver Transplant
Unit from 2001-2017. Data were compared to previous published series from the unit from 1988-
2001, and as continuous data, to assess changes in aetiologies and outcomes over the past 30
years.

Research results
Paracetamol toxicity accounted for half of all cases of ALF, with a rise in the incidence of this
condition over the past 30 years. Despite this observation, rates of liver transplantation for this
condition  are  low  at  4%,  with  an  excellent  overall  survival.  Rates  of  emergency  liver
transplantation were highest in indeterminate hepatitis and non-paracetamol drug induced liver
injury.  Transplant-free survival  improved in this  cohort  compared to the historical  cohort,
however there was no significant change in overall survival.

Research conclusions
Paracetamol represents the major cause of ALF in South-Eastern Australia with a concerning rise
in its incidence over the past 30 years. Transplant-free survival has improved but remains low
for ALF due to non-paracetamol causes.

Research perspectives
This study shows a concerning rise in the incidence of paracetamol induced ALF in Australia,
raising important questions regarding awareness and public health strategies to curb this rise.
Larger multi-centre studies are required to confirm this observation. Transplant-free survival
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improved in this population similar to reports from other large international series, highlighting
advances in supportive care.
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Abstract
BACKGROUND
Spontaneous peritonitis is an infection of ascitic fluid without a known intra-
abdominal source of infection. spontaneous fungal peritonitis (SFP) is a
potentially fatal complication of decompensated cirrhosis, defined as fungal
infection of ascitic fluid in the presence of ascitic neutrophil count of greater than
250 cells/mL.

AIM
To determine the prevalence of fungal pathogens, management and outcomes
(mortality) of SFP in critically ill cirrhotic patients.

METHODS
Studies were identified using PubMed, EMBASE, Cochrane Central Register of
Controlled Trials and Scopus databases until February 2019. Inclusion criteria
included intervention trials and observation studies describing the association
between SFP and cirrhosis. The primary outcome was in-hospital, 1-mo, and 6-
mo mortality rates of SFP in cirrhotic patients. Secondary outcomes were fungal
microorganisms identified and in hospital management by anti-fungal
medications. The National Heart, Lung and Blood Institute quality assessment
tools were used to assess internal validity and risk of bias for each included
study.
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RESULTS
Six observational studies were included in this systematic review. The overall
quality of included studies was good. A meta-analysis of results could not be
performed because of differences in reporting of outcomes and heterogeneity of
the included studies. There were 82 patients with SFP described across all the
included studies. Candida species, predominantly Candida albicans was the fungal
pathogen in majority of the cases (48%-81.8%) followed by Candida krusei (15%-
25%) and Candida glabrata (6.66%-20%). Cryptococcus neoformans (53.3%) was the
other major fungal pathogen. Antifungal therapy in SFP patients was utilized in
33.3% to 81.8% cases. The prevalence of in hospital mortality ranged from 33.3%
to 100%, whereas 1-mo mortality ranged between 50% to 73.3%.

CONCLUSION
This systematic review suggests that SFP in end stage liver disease patient is
associated with high mortality both in the hospital and at 1-mo, and that
antifungal therapy is currently underutilized.

Key words: Spontaneous fungal peritonitis; Bacterial peritonitis; Liver; Cirrhosis; Critical
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Core tip: Spontaneous fungal peritonitis (SFP) in patients with cirrhosis is associated
with high in-hospital mortality rate of 33.3% to 100% and 1-mo mortality rate of 50% to
73.3%. In our systematic review of the literature, despite such high mortality rates, the
condition is under diagnosed and antifungal therapy is underutilized; 33.3% to 81.8%
SFP patients received anti-fungal therapy. High clinical suspicion, new methods of early
diagnosis and empiric treatment in critically ill patients with peritonitis may improve
outcomes.

Citation: Tariq T, Irfan FB, Farishta M, Dykstra B, Sieloff EM, Desai AP. Spontaneous fungal
peritonitis: Micro-organisms, management and mortality in liver cirrhosis-A systematic
review. World J Hepatol 2019; 11(7): 596-606
URL: https://www.wjgnet.com/1948-5182/full/v11/i7/596.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i7.596

INTRODUCTION
Spontaneous peritonitis (SP), defined as an infection of the ascitic fluid without any
apparent intra-abdominal source of infection, is a potentially fatal complication of
decompensated cirrhosis and occurs in approximately 12% of patients with end stage
liver disease (ESLD) with mortality rates up to 40%[1,2]. It has a culture positive and a
culture negative variant, also known as culture negative neutrocytic ascites (CNNA)[3].
SP is further classified into spontaneous bacterial peritonitis (SBP) and spontaneous
fungal peritonitis (SFP) on the basis of microbiological cultures performed on ascitic
fluid[4]. Another classification of SP includes nosocomial SP which is defined as SP
which is diagnosed 48-72 h after hospital admission and community acquired (CA) SP
if it is diagnosed on admission or within 2 d of presentation to the hospital[5].

SFP, a catastrophic and underestimated complication of ESLD is defined as fungal
infection of the ascitic fluid and the presence of ascitic neutrophil count of > 250
cells/mL[6].  It is distinct from fungi ascites which has a neutrophil count of < 250
cells/mL in the ascitic fluid[4]. Cirrhosis with concomitant critical illness is a relevant
combination that causes acquired immunodeficiency leading to increased risk of
developing  SFP [2].  Scarce  data  exists  regarding  clinical  course,  risk  factors,
management and outcomes of SFP particularly in critically ill patients. The aim of this
systematic  review  was  to  determine  the  prevalence  of  fungal  micro-organisms,
management and mortality rates of critically ill cirrhotic patients with SFP.

MATERIALS AND METHODS

WJH https://www.wjgnet.com July 27, 2019 Volume 11 Issue 7

Tariq T et al. Spontaneous fungal peritonitis-Systematic review

597



Data selection
The  study  was  conducted  in  accordance  with  PRISMA  guidelines[7].  PubMed,
EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL) and Scopus
were searched up to February 5, 2019. The search strategy for PubMed, EMBASE,
Cochrane and Scopus included search terms for all databases along with Medical
Subject  Headings  (MeSH)  terms  for  PubMed/Medline,  and  Emtree  terms  for
EMBASE.  No  language  restrictions  were  applied.  The  search  strategy  was  the
following  for  the  various  databases:  (1)  MEDLINE  (PubMed);  (“SFP”)  AND
(“cirrhosis”[Mesh] OR “cirrhotic”[Mesh] OR "Liver Cirrhosis"[Mesh]); (2) EMBASE;
(“Spontaneous” NEAR/2 "fungal peritonitis"  OR ”fungal peritonitis”/exp) AND
(“cirrhosis” OR “cirrhotic” OR “liver  cirrhosis”/exp);  (3)  CENTRAL; (“SFP” OR
“fungal peritonitis”) AND (“"liver cirrhosis"); (4) Scopus; “SFP”.

Intervention trials  and observational  studies (cross-sectional,  case-control  and
cohort study-designs) describing the association between SFP and cirrhosis in adults
(> 18  years)  were  included.  In  addition,  studies  with  bacterial  and other  fungal
infections in the presence of concomitant SFP were included. References of review
articles and included studies were hand searched to identify any additional studies.

Exclusion criteria were studies involving children (age < 18 years) or those lacking
data on outcomes listed below. In addition, review articles, case reports, letter to the
editor,  comments,  perspectives,  and animal studies were excluded.  The primary
outcome was in-hospital, 1-mo, and 6-momortality rates of cirrhotic patients with SFP
(in percentage). The secondary outcomes were fungal micro-organisms implicated in
SFP cirrhotic patients and in-hospital management by anti-fungal medications (in
percentage).

Risk of bias assessment
The National Heart, Lung, and Blood Institute (NHLBI) quality assessment tools were
used  to  assess  internal  validity  and  risk  of  bias  for  each  included  study[8].  The
following  data  elements  were  extracted  from  included  studies:  First  author,
publication  year,  journal,  study  design  and  setting,  study  population,  controls,
definition  of  SFP and its  method of  diagnosis.  Quantitative  estimates  extracted
included: In-hospital, 1-mo and 6-mo mortality rates of cirrhotic patients with SFP;
fungal pathogens isolated; and in-hospital management by anti-fungal medications.

Statistical analysis
Two authors (Irfan FB and Farishta M) independently assessed the eligible studies for
inclusion,  and  quality,  and  performed  data  extraction.  In  cases  of  discrepancy
between the two authors, a third author (Tariq T) was consulted to reach consensus.
The statistical methods of this study were reviewed by Patrick Karabon, William
Beaumont School of Medicine, Oakland University.

RESULTS

Characteristics of included studies
The PRISMA flowchart of included studies selection is shown in Figure 1. There were
6 studies included that evaluated mortality rates of cirrhotic patients with SFP. Of the
included 6  studies,  5  studies  determined the  secondary outcome measure  of  in-
hospital management of SFP patients by anti-fungal medications (Table 1). There was
1 study from South Korea; 1 study from Egypt; 2 studies from Portugal and Germany;
1 study from the United States; and 1 multi-center database study from 28 health
centers in United States,  Canada and Saudi Arabia.  There were 3 cross-sectional
studies, 1 case-control study, 1 prospective cohort study, and 1 nested-cohort study.
The  differences  in  reporting  of  outcomes  (mortality,  micro-organisms  and
management) and heterogeneity of included studies did not allow a pooled analysis
of results.

There was a total of 82 cirrhotic patients with SFP in all the included 6 studies. Of
the total 82 SFP patients, 27 patients had polymicrobial SFP. Candida spp. was the
fungal pathogen in the majority of cases: Candida albicans (48%-81.8%); Candida krusei
(15%-25%);  Candida  glabrata  (6.66%-20%);  Candida  parapsilosis  (5%-16%);  Candida
tropicalis  (6.66%-12%); Candida kefyr  (10%); Candida lusitaniae  (12.5%); and Candida
zeylanoides (4%). Besides candida spp., other significant fungal pathogens included
Cryptococcus neoformans (53.3%). Antifungal therapy utilization ranged from 33.3%
to 81.8%. The prevalence of in-hospital mortality ranged from 33.3%-100%, 1-mo
mortality had a range of 50%-73.3%. Only 1 study described 6-mo mortality of 20% in
their study.
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Table 1  Management, prognosis and mortality in cirrhotic patients with spontaneous fungal peritonitis

Study Country, setting Study design Study population
Management Mortality

n (%) n (%)

Hwang et al[10], 2014 South Korea, University
Hospital

Retrospective, Cross-
sectional

n = 416 patients 3rd generation
cephalosporin (n = 15)

In-hospital: -

SBP (n = 401) Antifungal: n = 5
(33.3%)

1-mo: 11/15 (73.3%)

SFP (n = 4) Amphotericin B: n = 2 6-mo: 3/15 (20%)

Polymicrobial SFP (n =
11)

Liposomal
Amphotericin B: n = 1

Fluconazole: n = 2

Hassan et al[9], 2014 Egypt, University
Hospital

Prospective cohort
study

n = 46 patients Not described In-hospital: 1/3 (33.33%)

Control patients with no
infection (n = 18)

SFP (n = 4; only 3
patients described with
ascitic fluid polymorphs
> 250 cells/mm3)

Karvellas et al[11], 2015 (CATSS Database) from
28 medical centers in
United States, Canada,
Saudi Arabia

Retrospective cohort
study

n = 126 patients Anti-fungal: n = 9
(81.8%)

In-hospital: 11/11
(100%)SBP (n = 126)

SFP and SBP (n = 11)

Bremmer et al[1], 20151 University of Pittsburgh,
United States

Retrospective, cross-
sectional study

n = 25 Antifungal: n = 15 (60%) In hospital: 15/25 (60%)

SFP (n = 25) One mo: 14/25 (56%)

Lahmer, et al[2], 2016 University Hospital,
Germany

Retrospective, cross-
sectional study

n = 208 SFP (n = 20) Antibiotic pretreatment:
SFP n = 17 Antifungal: n
= 6 (30% of SFP)

In-hospital: 18/20 (90%)

SBP (n = 28)

Gravito-Soares et al[6],
2017

University of Coimbra,
Coimbra, Portugal

Retrospective,
case–control study

n = 231 Cefotaxime n = 231 1 -mo: 4/8

SFP (n = 3) Antifungal: n = 5/8
(62.5%)

(50%)

Polymicrobial SFP (n =
5)

Fluconazole: n = 3

SBP (n = 119) Caspofungin: n = 1

Amphotericin B: n = 1

1The study was described as a retrospective cohort study design but in the absence of a comparative non-exposure/control group we decided it more
appropriately fitted the description of a cross—sectional study. SBP: Spontaneous bacterial peritonitis; SFP: Spontaneous fungal peritonitis.

Micro-organisms, management and mortality in cirrhotic patients with SFP
Bremmer et al[1], conducted a retrospective study and identified patients with fungal
ascitic  fluid  cultures  through microbiology  records.  Exclusion  criteria  included
patients without a history of cirrhosis or if an alternative reason for peritonitis was
found. There were 25 SFP cirrhotic patients with the following fungal infections: 48%
(12/25) patients had Candida albicans; 20% (5/25) patients had C. glabrata; 16% (4/25)
patients had C. parapsilosis; 12% (3/25) patients had C. tropicalis; and 4% (1/25) patient
had C zeylanoides. Antifungal therapy was given to 60% (15/25) patients. There were
15 patients that were treated with antifungal medications, 3 patients had persistent or
recurrent peritonitis. The 1 mo and in-hospital mortality were 56% (14/25) and 60%
(15/25), respectively. There was no statistically significant difference in mortality
between patients managed with caspofungin (38%), fluconazole (57%) or patients
from whom antifungals were withheld electively (25%). The median time to death
was 6 d (IQR: 3-7)[1].

Gravito-Soares et al[6], carried out a case-control study, with 8 cirrhotic SFP patients
compared with 119 cirrhotic SBP (control) patients. Of 8 cirrhotic SFP patients, 62.5%
(5/8) patients had co-infection by bacteria and fungi. Antifungal therapy was utilized
in  7  (87.5%)  patients.  Appropriate  antifungal  therapy was  given  to  62.5% (5/8)
patients:  Candida  albicans  infection  was  treated  with  Fluconazole  (2/3);  Candida
lusitaniae infection treated with Fluconazole (1/1); Candida tropicalis managed with
Caspofungin (1/1); and Geotrichum capitatus treated with Amphotericin B (1/1). There
were 2 patients (25%) with Candida krusei  that had resistance to initial antifungal
therapy with Fluconazole; and 1 patient died due to late diagnosis of SFP. The 30-d (1
mo) mortality was 50% (4/8) and overall mortality was 62.5% (5/8) of cirrhotic SFP
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Figure 1

Figure 1  PRISMA flow diagram[27].

patients in the study. The mean time duration between SFP diagnosis and death was
17.6 d ± 11.5 d.

Hassan et al[9] carried out a prospective cohort study including 46 ESLD patients; 18
control patients with no infection and 28 patients with invasive fungal infection. Of 28
cases, 4 (16%) patients had SFP. Although 4 patients were described as having SFP,
ascitic fluid polymorphs > 250 cells/mm3 were only described in three patients, and
only 2 patients had fungal micro-organisms (Aspergillus niger and Candida albicans)
isolated from ascitic fluid. Management of SFP patients was not described. Of the
three  SFP  patients  with  ascitic  fluid  polymorphs  >  250  cells/mm3,  in-hospital
mortality occurred in only one patient[9].

Hwang et al[10] conducted a retrospective cross-sectional study and compared SFP
patients with SBP patients. During the study period of 5 years, 416 patients with SP
were included of which 15 (3.6%) had SFP and 410 (96.4%) had SBP. Eleven out of 15
SFP patients had concomitant bacterial infection. The fungal isolates identified in SFP
patients  were  the  following:  Candida  albicans  (n =  8),  Candida tropicalis  (n =  1),
Candida glabrata (n  = 1) and Cryptococcus neoformans (n =  8).  However, only 5
patients, among 15 SFP patients received anti-fungal therapy. All patients received
third-generation cephalosporin (cefotaxime/ceftriaxone). The SFP patients had a 1-mo
mortality rate of 73.3% (11/15). The median time to death was 2 d (range, 0-20 d)[10].

Karvellas et al[11] utilized the Cooperative Antimicrobial Therapy of Septic Shock
(CATSS) database and carried out a nested cohort study to determine the appropriate
antimicrobial management in cirrhotic patients with SBP-associated septic shock. The
Cooperative Antimicrobial Therapy of Septic Shock (CATSS) database collected data
on septic shock patient from 28 medical centers in Canada, the United States, and
Saudi Arabia. There were 126 cirrhotic SBP associated-septic shock patients included
in the study from CATSS database. Of these, 11 patients had concomitant SFP; Candida
albicans  (9/11)  and Candida tropicalis  (1/11)  and Candida glabrata (1/11).  Nine
patients (81.8%) were treated with antifungal therapy. All SFP patients died during
the course of their hospital stay[11].

Lahmer et al[2] performed a retrospective cross-sectional study by reviewing medical
records of cirrhotic critically ill patients with SBP. Of 205 patients included in the
study,  20  (10%)  patients  were  identified  with  SFP.  Majority  of  the  patients  had
Candida spp.: C. albicans (n = 12), C. glabrata (n = 3), C. krusei (n = 3), C. Kefyr (n = 2), C.
parapsilosis (n = 1), C. tropicalis (n = 1). Antifungal therapy was given to 30% (n = 6)
patients. Mortality rate was 90% (n = 18) patients[2].
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Quality assessment
Quality  assessment  of  the  included studies  was  performed according to  NHLBI
quality assessment tools (Tables 2 and 3)[8]. All the cross-sectional and cohort studies
were of high-quality while the case-control study was of fair quality[1,2,6,9-11]. None of
the studies described sample size or power estimates. Low sample size was the major
limitation in all  studies (n ≤ 25).  Only 2 studies did not define SFP. Four studies;
Hwang et al[10], Gravito-Soares et al[6], Lahmer et al[2], and Bremmer et al[1], had primary
outcomes of SFP in patients with cirrhosis. The other two studies had the following
primary outcomes in cirrhotic patients: Karvellas et al[11] had a primary outcome of
SBP; and Hassan et al[9], had a primary outcome of invasive fungal infection. All the
studies included patient baseline characteristics and risk factors, fungal pathogens,
management with anti-fungal therapy (except Hassan et al[9]) and mortality.

DISCUSSION
Based on our review, the prevalence of SFP anywhere from 2%-10% (Table 1). This is
in keeping with a prior meta-analysis which documented a 4.28% prevalence[12]. The
reasons for this low prevalence are several most important of which are low index of
suspicion leading to a delay in carrying out appropriate diagnostic work up, and
longer period of time required for fungal growth. Despite a lower prevalence than
SBP, this systematic review confirms that SFP patients with cirrhosis have a high in-
hospital mortality (33.3%-100%) and 1-mo mortality (50%-73.3%).

Our systematic review suggests several reasons for the high mortality rates in
cirrhotic patients with SFP. Patients with SFP had 3.6 times higher risk of admissions
to  ICU  with  severe  sepsis/septic  shock  as  compared  to  SBP  patients[6].  Higher
mortality rates were observed in patients with high Charlson Comorbidity Index,
Model  for  ESLD  and  APACHE  II  scores.  Another  unique  observation  was  a
significantly  higher  1-mo  mortality  in  patients  who  did  not  undergo  liver
transplantation compared to patients who underwent liver transplantation. Hence,
antifungal therapy in SFP patients could be utilized as a bridging therapy to liver
transplantation[1]. Furthermore, a high rate of mortality was noted in patients with
SFP who were treated empirically for suspected SBP. After empirical treatment for
suspected SBP was initiated, the condition of most of the SFP patients deteriorated
resulting in death, even when treated with antifungal agents[10]. In a systemic review
suggested that  lack  of  improvement  within  48  h  after  admission is  linked to  an
increased risk of SFP. Hence, fungi should be sought as potential pathogens in cases
of ceftriaxone or cefotaxime-resistant SP[13] which occurs in approximately 7%-17% of
cirrhotic patients[6].

Understanding the microbiology, diagnosis, and treatment of SFP may lower the
associated mortality. Our systematic review provides insight into the microbiology of
SFP. Fungi are saprophytes that are common commensal organisms of the skin and
mucous membranes[14]. Significant fungal colonization occurs when antibiotics are
used for the prevention of SBP in patients with ascites as a result of reduction in the
intestinal bacterial flora. This subsequently leads to translocation across the damaged
gastrointestinal tract mucosa into the peritoneal activity, causing peritonitis[4]. This
effect is enhanced in the setting of immunosuppression and malnutrition which is
common in ESLD[5].  Fungi are much larger in size (Candida spp. 10-12 µm) than
bacteria including E. coli (0.3-1 µm and K. pneumoniae (0.6-6 µm) hence a higher gut
permeability is required for fungal translocation[1,10]. This explains why SFP is likely
limited to those individuals who experience the greatest hit to their innate immunity
and those with advanced cirrhosis.

In keeping with the literature, this systematic review shows that Candida albicans is
the most frequent fungal infectious agent isolated from ascitic fluid cultures, followed
by candida glabrata, candida parapsilosis, candida krusei, and candida tropicalis. A recent
study  described  a  shift  towards  increasing  prevalence  of  candida  glabrata  and
candida parapsilosis infections in cirrhotic patients[15].  Cryptococcus neoformans,
Aspergillus spp. and Fusarium have also been isolated though less commonly than
candidal spp[2,5]. One of the possible explanations as to why candida is more common
in patients with SFP as compared to other fungi such as cryptococcus is probably
related to the size difference between these pathogenic organisms[10]. Cryptococcal
spp. have diameters up to 20 µm which limit their migration across the intestinal
wall[16]. Fungal infections are often polymicrobial with bacterial colonization occurring
in 32%-74% of SFP cases[13].

This systematic review also provides data on risk factors for SFP. The findings of
our review reveal that SFP is more commonly seen in patients with Child Pugh Class
C liver cirrhosis and those with MELD score beyond 30 points[13]. Higher bilirubin
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Table 2  Quality assessment of included observational cohort and cross-sectional studies according to NHBLI Quality Assessment Tool

Hwang et al[10], 2014 Hassan et al[9], 2014 Karvellas et al[11],
2015 Bremmer et al[1], 2015 Lahmer et al[2], 2016

1  Was the research
question or objective in
this paper clearly
stated?

Yes Yes Yes Yes Yes

2  Was the study
population clearly
specified and defined?

Yes Yes Yes Yes Yes

3  Was the
participation rate of
eligible persons at least
50%?

Yes Yes Yes Yes Yes

4  Were all the subjects
selected or recruited
from the same or
similar populations
(including the same
time period)? Were
inclusion and exclusion
criteria for being in the
study prespecified and
applied uniformly to
all participants?

Yes Yes Yes Yes Yes

5  Was a sample size
justification, power
description, or variance
and effect estimates
provided?

No No No No No

6  For the analyses in
this paper, were the
exposure(s) of interest
measured prior to the
outcome(s) being
measured?

Yes Yes Yes Yes Yes

7  Was the timeframe
sufficient so that one
could reasonably
expect to see an
association between
exposure and outcome
if it existed?

Yes Yes Yes Yes Yes

8  For exposures that
can vary in amount or
level, did the study
examine different
levels of the exposure
as related to the
outcome (e.g.,
categories of exposure,
or exposure measured
as continuous
variable)?

NA NA Yes NA NA

9  Were the exposure
measures (independent
variables) clearly
defined, valid, reliable,
and implemented
consistently across all
study participants?

Yes Yes Yes Yes Yes

10  Was the exposure(s)
assessed more than
once over time?

No No No No No

11  Were the outcome
measures (dependent
variables) clearly
defined, valid, reliable,
and implemented
consistently across all
study participants?

Yes Yes Yes Yes Yes
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12  Were the outcome
assessors blinded to
the exposure status of
participants?

No No No No No

13  Was loss to follow-
up after baseline 20%
or less?

Yes Yes Yes Yes Yes

14  Were key potential
confounding variables
measured and adjusted
statistically for their
impact on the
relationship between
exposure(s) and
outcome(s)?

No Yes Yes Yes Yes

Rating Good Good Good Good Good

levels,  blood urea nitrogen levels,  low ascitic fluid protein (< 1 g/dL),  antibiotic
prophylaxis against SBP and hepatorenal syndrome (HRS) are other potential risk
factors  that  have  been  described  in  literature[6,11].  It  has  been  speculated  that
prophylactic  antibiotics  alter  the  normal  intestinal  flora  and cause  an  excessive
growth of fungi and is considered one of the pathophysiological mechanisms for the
development of fungal peritonitis and dissemination[17]. Furthermore, patients with
corticosteroid  use,  prolonged  antimicrobial  use,  central  venous  catheter,  total
parenteral nutrition, high APACHE score, renal replacement therapy, or malnutrition
are more susceptible to opportunistic fungal infections[18-20]. Renal failure is associated
with  impaired  cell  mediated  immunity  and  defective  granulocyte-macrophage
function,  which  are  the  dominant  host  defenses  against  fungal  pathogens[9].
Nosocomial development of SP was also found to be a risk factor for SFP[10,12,13]. As a
result  of  commensal  colonization  of  mucocutaneous  membranes,  percutaneous
inoculation of fungi can commonly occur in patients with refractory ascites who
undergo routine paracentesis[9].  Other  invasive procedures  such as  colonoscopy,
urinary catheterization and nasogastric intubation have also been identified as risk
factors for SFP[6].

This systematic review also sheds light on the risk factors associated with increased
mortality from SFP. These factors include severity of liver disease as measured by
higher MELD or Child-Pugh score C, recent antibacterial prophylaxis, presence of
HRS, low ascitic protein concentration, high acute physiology, and Chronic Health
Evaluation II (APACHE II) score and presence of septic shock[12]. In a retrospective
cohort study of 241 cirrhotic patients with invasive candidiasis, multivariate analysis
demonstrated septic shock (odds ratio 3.2, CI: 1.7-6, P < 0.001) as the most significant
predictor of mortality[15].

Given the high mortality related to SFP, early diagnosis and treatment are essential
to improving outcomes for patients with SFP. Newer diagnostic tests like pan-fungal
PCR assay and 1,3 beta-D-Glucan are not only more sensitive in detecting fungi in
peritoneal fluid but also help in early identification of SFP by shortening the time to
diagnosis[21,22]. In patients with risk factors for SFP, our systematic review supports
early testing of peritoneal fluid with these assays. In addition, laboratorial parameters
such as leukocyte count, procalcitonin or C-reactive are too non-specific for SFP and
hence are not very useful in SFP diagnosis[2]. It is important to note that ascitic lactate
dehydrogenase,  blood  WBC  count,  blood  urea  nitrogen  and  predominance  of
lymphocytes in ascitic fluid were significantly higher in SFP compared with patients
with SBP and might provide a clue to diagnosis[6,9,23].

Despite its high mortality, the results from this systematic review show suboptimal
utilization of antifungal therapy utilization in cirrhotic SFP patients, ranging from
33.3% to 81.8%. In addition, we note that only a small percent was treated using
appropriate systemic antifungal therapy. Based on the contemporary microbiology of
SFP, our review supports the use of echinocandins as initial therapy with tailoring
after culture results are available. Echinocandins are preferred over fluconazole in
septic  shock  due  to  their  lower  overall  toxicity  and  high  tolerability.  They  are
associated with lower hepatoxicity compared to fluconazole. Once patients become
clinically  stable,  antimicrobial  therapy  is  de-escalated  from  echinocandins  to
fluconazole[15,24-27].  Furthermore, empiric treatment is essential for reducing risk of
mortality in SFP as fungal recovery using routine culture methods is associated with
significant  delays.  Our  review  shows  that  73%  of  patients  receiving  antifungal
therapy experienced a median lag in treatment of 3 d until yeast was isolated from
ascitic fluid cultures with the average time from SFP diagnosis to death was 2 d[1,10].
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Table 3  Quality assessment of included case-control studies according to NHBLI Quality Assessment Tool

Gravito-Soares et al[6], 2017

1  Was the research question or objective in this paper clearly stated? Yes

2  Was the study population clearly specified and defined? Yes

3  Did the authors include a sample size justification? No

4  Were controls selected or recruited from the same or similar population
that gave rise to the cases (including the same timeframe)?

Yes

5  Were the definitions, inclusion and exclusion criteria, algorithms or
processes used to identify or select cases and controls valid, reliable, and
implemented consistently across all study participants?

No

6  Were the cases clearly defined and differentiated from controls? Yes

7  If less than 100 percent of eligible cases and/or controls were selected for
the study, were the cases and/or controls randomly selected from those
eligible?

NA

8  Was there use of concurrent controls? No

9  Were the investigators able to confirm that the exposure/risk occurred
prior to the development of the condition or event that defined a
participant as a case?

Yes

10  Were the measures of exposure/risk clearly defined, valid, reliable, and
implemented consistently (including the same time period) across all study
participants?

Yes

11  Were the assessors of exposure/risk blinded to the case or control status
of participants?

No

12  Were key potential confounding variables measured and adjusted
statistically in the analyses? If matching was used, did the investigators
account for matching during study analysis?

Yes

Rating Fair

This further supports the use of empiric broad-spectrum antifungals while awaiting
culture results in those who are most at risk. Limited and low-quality data exists
regarding the appropriate time for initiation of empiric antifungal treatment. Based on
this systematic review and current literature, it is reasonable to use antifungal therapy
in critically ill cirrhotics with ascites who fail to recover within 48 h of receiving broad
spectrum  antibiotics,  in  those  patients  who  are  at  increased  risk  of  developing
infections. For instance, patients on immunosuppressants or antibiotics for a long
time, those with invasive vascular access devices, patients on total parenteral nutrition
or  renal  replacement  therapy  or  those  who  have  high  APACHE scores  and  are
malnourished.  These  patients  are  at  higher  risk  of  mortality  from  SFP  if  mis-
diagnosed[4,18]. However, given the low overall incidence of SFP, empiric antifungal
therapy is generally not recommended in patients with CA SP.

In conclusion,  SFP is  not an uncommon complication in cirrhotic patients and
associated  with  high  mortality  both  in  the  hospital  and  at  1  mo.  High  clinical
suspicion is required particularly in those with higher MELD and Child Pugh scores
who fail to improve despite appropriate antibiotic treatment. Antifungal therapy is
inappropriately  used  and  currently  underutilized.  Our  review  suggests  rapid
initiation of antifungal therapy in the presence of septic shock and failure to respond
to broad spectrum antibiotic regimen. It also highlights the need for further studies
that will inform the timing and choice of anti-fungal use in patients at high-risk for
SFP. Finally, our review also shows that liver transplantation is a possible outcome for
those with SFP with low risk for short-term recurrence and acceptable 1-mo mortality
rates.

ARTICLE HIGHLIGHTS
Research background
Spontaneous fungal peritonitis (SFP) is a devastating and underestimated complication of end
stage liver  disease (ESLD) which is  defined as  fungal  infection of  the ascitic  fluid and the
presence of ascitic neutrophil count of > 250 cells/mL. The combination of cirrhosis and critical
illness causes acquired immunodeficiency leading to increased risk of developing SFP. There is
limited literature regarding clinical  course,  risk factors,  management and outcomes of SFP
particularly in critically ill patients. With this study, we have compiled a systematic review of
available data on SFP.
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Research motivation
When  compared  to  spontaneous  bacterial  peritonitis,  SFP  is  less  well  recognized  and  is
associated with  higher  mortality  rates.  In  many cases,  the  clinical  importance  of  isolating
Candida  from  abdominal  cultures  is  unknown  and  therapeutic  approaches  are  largely
undefined. Furthermore, the epidemiology and outcomes of patients with SFP have only been
reported sporadically in literature.  Hence, by performing a systematic review we aimed to
increase the available knowledge regarding SFP.

Research objectives
The main objective of the study was to determine the prevalence of fungal micro-organisms and
describe the risk factors, management and mortality rates of SFP in critically ill patients with
cirrhosis.

Research methods
This is a systematic review of available studies identified using PubMed, EMBASE, Cochrane
Central Register of Controlled Trials and Scopus databases. Inclusion criteria were intervention
trials and observation studies describing the association between SFP and cirrhosis. The primary
outcome was in-hospital, 1-mo, and 6-mo mortality rates of SFP in cirrhotic patients. Secondary
outcomes were fungal microorganisms identified and anti-fungal medications utilized for the
management of SFP. The National Heart, Lung and Blood Institute quality assessment tools were
used to assess internal validity and risk of bias for each included study.

Research results
Six observational studies were included in this systematic review. A total of 82 patients with SFP
were identified in these studies.  Candida albicans  was the predominant fungal  pathogen in
majority of the cases (48-81.8%) followed by Candida krusei  (15%-25%) and Candida glabrata
(6.66%-20%). Antifungal therapy in SFP patients was utilized in 33.3% to 81.8% cases. The in-
hospital mortality ranged from 33.3% to 100%, whereas 1-mo mortality ranged between 50% and
73.3%.

Research conclusions
SFP is not an uncommon complication associated with a worse prognosis in cirrhotic patients,
particularly  those  with  higher  MELD and Child  Pugh scores  who fail  to  improve  despite
appropriate antibiotic treatment. Our study also showed that antifungal therapy is currently
underutilized. Rapid initiation of antifungal therapy in the presence of septic shock and failure
to respond to broad spectrum antibiotic regimen is crucial in the management of SFP.

Research perspectives
Future large-scale, prospective studies aimed at identifying the ideal timing and choice of anti-
fungal therapy in patients at high-risk for developing SFP are needed. Also, research efforts
should aim at  determining appropriate  non-cultural  tests  for  SFP in  order  to  improve the
rapidity of diagnosis.
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Abstract
BACKGROUND
Wilson disease (WD) is a rare copper metabolism disorder with symptoms
including hepatic disorders, neuropsychiatric abnormalities, Kayser-Fleischer
rings, and hemolysis in association with acute liver failure (ALF). Osteoarthritis is
a rare manifestation of WD. We experienced a case of WD with arthritic pain in
the knee and liver cirrhosis. Here, we report the clinical course in a WD patient
with arthritic pain and liver cirrhosis receiving combination therapy with Zn and
a chelator and discuss the cause of arthritic pain.

CASE SUMMARY
We present an 11-year-old boy who developed osteoarthritis symptoms and ALF,
with a New Wilson Index Score (NWIS) of 12. He was diagnosed with WD with
decreased serum ceruloplasmin and copper levels, increased urinary copper
excretion, and ATP7B gene mutations detected on gene analysis. There was
improvement in the liver cirrhosis, leading to almost normal liver function and
liver imaging, one year after receiving combination therapy with Zn and a
chelator. Moreover, his arthritic pain transiently deteriorated but eventually
improved with a decrease in the blood alkaline phosphatase levels following
treatment.

CONCLUSION
Patients with WD who develop ALF with an NWIS > 11 may survive after
treatment with Zn and chelators, without liver transplantation, when they
present with mild hyperbilirubinemia and stage ≤ II hepatic encephalopathy.
Osteoarthritis symptoms may improve with long-term Zn and chelator therapy
without correlation of liver function in WD.
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Core tip: We present an 11-year-old boy with Wilson disease (WD) who developed
osteoarthritis symptoms and acute liver failure, with a New Wilson Index Score (NWIS)
of 12. His liver cirrhosis improved, leading to almost normal liver function and liver
imaging results, one year after receiving combination therapy with Zn and a chelator.
Patients with WD with a NWIS > 11 may be able to survive with treatment with Zn and
chelators, without liver transplantation, in cases wherein they present with mild
hyperbilirubinemia and stage ≤ II hepatic encephalopathy. Symptoms of associated
osteoarthritis may also improve with long-term Zn and chelator therapy.

Citation: Kido J, Matsumoto S, Sugawara K, Nakamura K. Wilson disease developing
osteoarthritic pain in severe acute liver failure: A case report. World J Hepatol 2019; 11(7):
607-612
URL: https://www.wjgnet.com/1948-5182/full/v11/i7/607.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i7.607

INTRODUCTION
Wilson disease (WD) is a rare copper metabolism disorder caused by a mutation in
the ATP7B  gene,  with a prevalence of  1  in 30000 to 1 in 100000 individuals.  The
clinical manifestations are secondary to accumulation of copper in various organs,
with typical symptoms of hepatic disorders, neuropsychiatric abnormalities, Kayser-
Fleischer (K-F) rings, and hemolysis in association with acute liver failure (ALF). WD
may rarely  present  with  extrahepatic  conditions,  such as  skeletal  abnormalities,
including  premature  osteoporosis  and arthritis[1],  cardiomyopathy,  pancreatitis,
hypoparathyroidism, and infertility or repeated miscarriages.

Most symptoms in WD first appear in the second and third decades of life; thus, the
diagnosis  is  sometimes  difficult  and  delayed.  Most  WD  patients  with  hepatic
encephalopathy  and  ALF  would  have  already  developed  decompensated  liver
cirrhosis. Therefore, the disease is usually severe and may often be fatal without liver
transplantation (LT).

The New Wilson Index Score (NWIS) is an important indication criterion for LT in
cases of severe ALF in WD[2]. Although Dhawan et al[2] reported that patients with WD
who present with ALF with an NWIS > 11 cannot survive without undergoing LT, we
have previously demonstrated that even a WD patient with NWIS >11 could recover
from ALF with treatment consisting of Zn, chelator and plasma exchange (PE)[3]. Here,
we report a new case of WD with arthritic pain in the knee and liver cirrhosis. The
patient  developed ALF with  NWIS >11  and stage  I  hepatic  encephalopathy but
survived  with  Zn  and  chelator  treatment,  without  the  need  for  continuous
hemodiafiltration (CHDF) or PE. His arthritic pain was also alleviated with improved
liver function; however, his knee pain deteriorated with increased blood alkaline
phosphatase (ALP) levels, and he could not walk by himself.

CASE PRESENTATION

Chief Complaints
A 11-year-old  boy  complained  of  pain  in  both  knees  and sought  an  orthopedic
consultation. The orthopedic surgeon did not detect any problem in his knees. He
consulted his  general  physician for  persistent  pain in both knees.  The physician
noticed his pale complexion and edema of both the eyelids and lower limbs, and
based on abdominal ultrasonography, diagnosed him with liver cirrhosis; he was
subsequently referred to our institution.

History of present illness
The patient had experienced knee pain for 2 mo.

History of past illness
His neonatal history was unremarkable. He was born at 38 wk and 4 d of gestation
with a birthweight of 2.66 kg and had no postnatal medical problems. He had been
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diagnosed with genu valgum several years prior.

Physical examination
The  patient  showed jaundice  and  splenohepatomegaly  with  tenderness  in  both
hypochondrial regions. His vital signs were normal.

Laboratory examinations
Laboratory data and abdominal computed tomography (CT) revealed liver cirrhosis
(Child-Pugh grade C) with ascites and liver atrophy. Multiple high-density mottled
nodular shadows scattered in the liver were observed (Figure 1).

Imaging examinations
The diagnosis of WD was suspected due to his presentation with severe ALF (Table
1), and he immediately received treatment with Zn (3 mg/kg/d), concentrated human
anti-thrombin III,  and fresh-frozen plasma (FFP). His consciousness and physical
lethargy gradually improved. The diagnosis of WD was confirmed based on low
copper (27 mg/dL) and serum ceruloplasmin (7.0 mg/dL) levels, elevated urinary
copper excretion (720 µg/d), and the presence of Coombs-negative hemolytic anemia
[hemoglobin (Hb) level, 9.5 g/dL] without definite K-F rings. Moreover, gene analysis
revealed  compound  heterozygous  mutations  (p.Arg778Leu/c.2333G>T  and
p.Asn958ThrfsX9/c.2871delC). The Leipzig’s score[4] for WD diagnosis was 9.

He received combination therapy with Zn and trientine following the diagnosis of
WD, and his physical condition gradually improved. However, he complained of pain
in both knees and had difficulty walking by himself. Magnetic resonance imaging
(MRI) of the knee did not show significant abnormal findings (Figure 2).

Follow-up and outcomes
The patient was discharged after prolonged hospitalization for 70 d because of the
time required for the recovery of the coagulation parameters [prothrombin time (PT):
24%, prothrombin time-international normalized ratio (PT-INR): 2.5]. A liver CT scan
performed 2 mo after hospitalization revealed fewer hyperdense mottled nodular
shadows  compared  to  those  observed  in  the  CT  scans  recorded  at  the  time  of
hospitalization. Following his discharge, the coagulation parameters and liver CT
findings became almost normal by one year after the initiation of therapy.

Although his knee pain was alleviated and blood ALP levels were decreased at the
time of  discharge,  his  knee  pain  persisted for  some months  after  discharge  and
markedly improved with a further decrease in blood ALP levels (Figure 3), and he
could walk by himself with little pain and could continue his schooling following
treatment  with  Zn  (1  mg/kg/d)  and  trientine  (10  mg/kg/d).  The  coagulation
parameters and liver CT findings also became almost normal by one year after the
start of therapy.

DISCUSSION
Our patient with WD and severe ALF presented initially with arthritic pain in both
knees. Here we report that a patient with ALF with WD could recover normal liver
function by one year after initiation of combination therapy with Zn and trientine
(Table 1). The mutations of p.Arg778Leu/c.2333G>T and p.Asn958ThrfsX9/c.2871delC
present in this patient have been commonly detected in Japanese patients with WD[5].
Previously, WD patients presenting with ALF with an NWIS >11 were considered to
require LT for successful treatment[2]. However, in recent years, certain institutions
have reported that some WD patients developing severe ALF with an NWIS > 11,
even when presenting with stage II hepatic encephalopathy, can be rescued following
conservative therapy with Zn, chelators, CHDF and/or plasma exchange without
LT[3,6-8]. We administered Zn to our patient immediately on suspecting WD based on
his abdominal CT findings. Moreover, we monitored his clinical course, administering
FFP and transfusing glucose and electrolytes without CHDF, as he had developed
ALF with mild hyperbilirubinemia and significant coagulopathy without definite
encephalopathy. CHDF was not performed because there was mild improvement in
his physical condition without any deterioration of liver function and consciousness
in the first 3 d following treatment with Zn and the aforementioned conservative
therapies. A combination of Zn and trientine therapy was initiated after confirming
the diagnosis of WD.

Santos et al[9] reported that even patients with decompensated WD could recover in
one year following either chelator treatment alone or combination therapy with Zn
and chelators, even though they qualified as candidates for LT. In our patient, the
combination therapy of Zn and trientine for 14 months contributed to the recovery of
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Figure 1

Figure 1  Hepatic computed tomography image obtained while receiving Zn and trientine treatment. The mottled nodular shadows with a high density in the
liver improved over time. However, splenomegaly did not improve. A: On admission; B: 1 mo after treatment; C: 2 mo after treatment; D: 4 mo after treatment; E: 14
mo after treatment.

the liver function and liver CT findings to almost normal levels. Therefore, teenagers
with  WD  and  decompensated  liver  cirrhosis  are  likely  to  recover  normal  liver
functions following treatment with combination therapy involving Zn and trientine.

Devarbhavi et al[7]  reported that children aged less than 18 years with WD who
developed ALF leading to impaired consciousness were evaluated for LT, and that
children with WD with hepatic encephalopathy and a Devarbhavi’s score ≥10.4 could
not be rescued without LT. Devarbhavi’s score in our case was 8.1. The children with
WD  discussed  in  Devarbhavi  et  al[7]  report  had  only  stage  I  or  II  hepatic  ence-
phalopathy. Therefore, we considered that patients with decompensated WD, with
mildly impaired consciousness, mildly elevated blood total bilirubin (T-Bil) levels,
and an NWIS > 11, could be rescued without receiving LT.

Although  MRI  of  the  knee  did  not  reveal  significant  abnormal  findings,
osteoarthritis has been reported as a rare complication of WD, and Golding et al[1]

reported on the clinical and radiological features of arthropathy of WD. Nazer et al[10]

reported some evidence of bony abnormality ranging from mild demineralization to
chondromalacia  and osteoarthritis.  The cause of  these bone abnormalities  is  not
known and is not likely to be related to copper toxicity alone, because copper loading
in experimental animals does not lead to bone abnormalities. Moreover, patients with
severe hepatic WD who were diagnosed and treated in our hospital did not present
with knee pain[3]. The knee pain in the present case deteriorated after the patient’s
liver function improved.

Moreover, Golding et al[1] suggested that these bone changes in patients with WD
resulted from the loss of calcium and phosphorus in the urine; therefore, the bone
changes could be related to chelator therapy, also because of unusual bone mineral
metabolism  in  the  resorption  and  remodeling  of  the  new  bone  during  chelator
therapy[1]. Our patient presented with knee pain before receiving treatment, and the
knee pain deteriorated following trientine treatment; the pain improved after he had
received trientine treatment for one year. The patient had genu valgum, which might
have been a complication of longstanding WD. The blood ALP levels significantly
increased on trientine treatment. The blood ALP levels correlated with the knee pain,
and when the increased ALP level deceased to less than 2500 (IU/L) on Day 287, the
patient experienced a definite improvement in knee pain and could walk by himself.
It is not the increased blood ALP levels per se, but a ratio of ALP to T-Bil < 2.0 that is
referred to in the diagnosis of severe WD. However, in cases of severe WD with bone
symptoms, these referral values may not be relevant.

CONCLUSION
Even patients with WD who develop ALF with an NWIS >11 may be able to survive
without  LT if  they present  with  mild  hyperbilirubinemia  and stage  ≤  II  hepatic
encephalopathy. Moreover, the arthritic pain is not associated with the severity of
WD. The pain temporarily deteriorates, but eventually improves following Zn and
chelator therapy because bone mineral metabolism itself leads to a stable state.
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Table 1  Clinical data during hospitalization and follow-up

Day
0

Day
1

Day
3

Day
5

Day
7

Day
14

Day
21

Day
31

Day
42

Day
61

Day
98

Day
118

Day
180

Day
287

Day
371

Day
441

WBC (×103/μL) 9.6 7.5 6.6 4.7 5 3.5 3.9 4.1 4.1 5.6 5.9 3.9 5.3 4.9 5.8 5.7

Hb (g/dL) 9.5 9.8 10.7 10.9 10.8 10.7 9.6 9.3 8.9 8.3 8.9 8.9 9.4 9.8 10.5 11.6

Plt (103/μL) 126 144 145 130 124 43 46 51 58 69 91 80 132 187 166 160

PT (%) 18 18 23 24 22 21 19 20 22 24 31 31 43 57 60 79

PT-INR 3.1 3 2.5 2.3 2.7 2.6 2.8 2.7 2.6 2.5 2.1 2.1 1.7 1.4 1.3 1.1

APTT (%) 27 26 30 29 24 28 22 23 22 24 35 38 50 66 78 78

ATIII (%) NA 20 22 45 46 51 53 33 25 26 35 32 64 90 115 136

Factor V(%) NA NA NA NA 13 16 15 19 15 25 33 27 46 81 84 80

BUN (mg/dL) 9.9 7 8.3 7.1 7.7 9.8 8.4 9.8 9.2 8.6 8 8.1 8.7 10.7 8.5 9.6

Cr (mg/dL) 0.49 0.5 0.52 0.47 0.48 0.44 0.43 0.38 0.34 0.35 0.29 0.32 0.33 0.29 0.31 0.36

AST (IU/L) 156 79 53 48 47 76 51 60 55 55 69 75 64 43 38 31

ALT (IU/L) 67 26 30 29 33 69 49 50 42 39 54 68 53 46 45 39

LDH (IU/L) 450 386 290 272 258 247 222 219 217 218 256 286 263 196 179 188

T-Bil (mg/dL) 4.9 2.6 2 1.7 1.4 1.8 2 2.4 3.2 2.9 1.3 1.1 0.5 0.4 0.4 0.3

D-Bil (mg/dL) 1.5 0.8 0.5 0.4 0.2 0.3 0.4 0.6 0.9 0.8 0.2 0.1 0.1 0.1 0.1 0.1

TP (g/dL) 4.8 5.8 6.2 6.3 6.1 6.4 6.4 6.7 7 6.9 6.5 6.1 6.8 7.6 7.3 7.6

ALB (g/dL) 1.4 1.6 2.4 2.5 2.4 2.7 2.9 3.1 3.1 3.2 2.8 2.6 3.3 4.3 4.3 4.7
1PELD score 26 22 14 12 14 14 15 15 16 14 8 8 2 -4 -5 -9

NWIS 12 9 7 5 7 6 6 6 6 6 5 5 4 2 2 0

The Devarbhavi’s
score

8.11 5.65 2.14 1.82 1.50 1.93 2.14 2.57 3.42 3.10 1.39 1.18 0.54 0.43 0.43 0.32

Hepatic
encephalopathy

I I 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1PELD score: All the scores were described in the PELD score, though the patient’s age was 12 years at Day 287; Day 371; and Day 441. WBC: White blood
cell count; Hb: Hemoglobin; Plt: Platelets; PT: Prothrombin time; PT-INR: Prothrombin time international normalized ratio; APTT: Activated partial
thromboplastin  time;  AT  III:  Antithrombin  III;  BUN:  Blood  urea  nitrogen;  Cre:  Creatinine;  AST:  Aspartate  aminotransferase;  ALT:  Alanine
aminotransferase; LDH: Lactate dehydrogenase; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; TP: Total protein; Alb: Albumin; NA: Not available.

Figure 2

Figure 2  Magnetic resonance imaging scan of the knee during the hospitalization. T2-weighted image. A: Mildly increased signal intensity in the medial
meniscus of right knee; B: No abnormal signal intensity.
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Figure 3

Figure 3  Blood alkaline phosphatase and bone type alkaline phosphatase levels while receiving Zn and trientine treatment. The blood alkaline phosphatase
(ALP) and bone type ALP levels increased with deterioration in knee pain owing to trientine treatment. However, the blood ALP and bone type ALP levels gradually
decreased with improvement in the clinical status of Wilson disease, and pain was attenuated in both knees. Zn and trientine (15 mg/kg/d) were administered on Day
5, and trientine was increased to 30 mg/kg/d on Day 8 and 40 mg/kg/d on Day 40. Trientine was then decreased to 30 mg/kg/d on Day 70 (one black arrow), 20
mg/kg/d on D 152 (two black arrows), and 10 mg/kg/d on Day 288 (three black arrows).
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