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Abstract
Gallstone disease (GD) is a chronic recurrent hepato-
biliary disease, the basis for which is the impaired me-
tabolism of cholesterol, bilirubin and bile acids, which 
is characterized by the formation of gallstones in the 
hepatic bile duct, common bile duct, or gallbladder. GD 
is one of the most prevalent gastrointestinal diseases 
with a substantial burden to health care systems. GD 
can result in serious outcomes, such as acute gallstone 
pancreatitis and gallbladder cancer. The epidemiology, 
pathogenesis and treatment of GD are discussed in this 
review. The prevalence of GD varies widely by region. 
The prevalence of gallstone disease has increased 
in recent years. This is connected with a change in 
lifestyle: reduction of motor activity, reduction of the 
physical load and changes to diets. One of the impor-
tant benefits of early screening for gallstone disease is 
that ultrasonography can detect asymptomatic cases, 
which results in early treatment and the prevention 
of serious outcomes. The pathogenesis of GD is sug-
gested to be multifactorial and probably develops from 
complex interactions between many genetic and envi-
ronmental factors. It suggests that corticosteroids and 
oral contraceptives, which contain hormones related to 
steroid hormones, may be regarded as a model system 
of cholelithiasis development in man. The achievement 

in the study of the physiology of bile formation and the 
pathogenesis of GD has allowed expanding indications 
for therapeutic treatment of GD.
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INTRODUCTION
Gallstone disease (GD) (cholelithiasis) is one of  the most 
prevalent gastrointestinal diseases, with a substantial bur-
den to health care systems[1]. Gallstones (GS) may form 
because of  many different disorders[2]. GD is a chronic 
recurrent hepatobiliary disease, the basis for which is 
the impaired metabolism of  cholesterol, bilirubin and 
bile acids, which is characterized by the formation of  
gallstones in the hepatic bile duct, common bile duct, or 
gallbladder[3]. GD and cardiovascular disease, common 
diseases worldwide, are strongly associated and have 
considerable economical impact[4-6]. Among gastroentero-
logical diseases, GD is one of  the world’s most expensive 
medical conditions[7]. In the U�����������������������������    nited States�����������������   , there are more 
than 500  000 cholecystectomies, the total cost of  which 
exceeds 5 billion dollars[8]. GS are considered avoidable 
causes of  death[9].
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EPIDEMIOLOGY
GD is a common disorder all over the world[10]. The 
prevalence of  GD varies widely by region. In Western 
countries, the prevalence of  gallstone disease report-
edly ranges from approximately 7.9% in men to 16.6% 
in women[11]. In Asians, it ranges from approximately 
3% to 15%, is nearly non-existent (less than 5%) in Afri-
cans[12,13], and ranges from 4.21% to 11% in China[14]. The 
prevalence of  gallstone disease is also high in some eth-
nic groups, e.g., 73% in Pima Indian women; 29.5% and 
64.1% of  American Indian men and women, respectively; 
and 8.9% and 26.7% of  Mexican American men and 
women, respectively[11,15,16]. With an overall prevalence of  
10%-20%, GD represents one of  the most frequent and 
economically relevant health problems of  industrialized 
countries[17]. There is a steady-state trend for higher GD 
morbidity, which is associated with the improved diagno-
sis of  the disease. One of  the important benefits of  early 
screening for gallstone disease is that ultrasonography 
can detect asymptomatic cases, which results in early 
treatment and the prevention of  serious outcomes[1,18]. 
The reference standard to detect GS was represented, not 
only by the ultrasonographic scan of  the gallbladder, but 
also by the direct examination of  the explanted liver[2].

The Hispanic and indigenous populations of  the 
U���������������������������������������������������      nited States���������������������������������������      show particularly high morbidity rates[19,20]. 
Epidemiological survey data in the United States suggest 
that approximately 20 million Americans suffer from GD. 
At the same time, GD is, on the contrary, less character-
istic for the peoples of  southeast Asia, Africa and the far 
north[21].

In Russia, the prevalence of  GD among the examin-
ees ranges from 3% to 12%. The prevalence of  gallblad-
der and biliary tract diseases among the digestive ones 
is 15.8% in Russian adults, while this index is as high as 
22% in Moscow.

ETIOLOGY OF GALLSTONE DISEASE
GD is a multifactorial disease. In the general population, 
one of  the main risk factors for developing GD is gen-
der: gallstones are more common in women than in men. 
Other factors are age, genes and race. Additional factors 
are obesity, rapid weight loss, glucose intolerance, insulin 
resistance, high dietary glycemic load, alcohol use, diabe-
tes mellitus, hypertriglyceridemia, drugs and pregnancy[2]. 
Four major groups of  factors that contribute to the 
formation of  cholesterol gallstones to some degree may 
be identified[22,23]:������������������������������������������       (1)��������������������������������������      those that contribute to cholesterol 
supersaturation of  bile;����������������������������������       (2) �����������������������������    those that contribute to cho-
lesterol precipitation and crystallization core formation;� 
(3) �����������������������������������������������������       those that result in impairment of  basic gallbladder 
functions (contraction, absorption, secretion, etc);���������   and (4) 
those that lead to impairment of  the enterohepatic circu-
lation of  bile acids.

Factors that contribute to bile cholesterol 
supersaturation
Age�: Gallstone detection rates increase with age, which 
makes it possible to consider it one of  the risk factors 
for GD[24]. No significant differences have been found 
in the frequency of  gallstone formations in childhood 
and adolescence. Cholelithiasis in children is an unusual 
finding but is not exceptional and is associated with non-
specific symptoms[25,26]. After 20 years of  age, the rate 
of  gallstone formation increases with each decade[27]. If  
GD occurs in 7%-11% of  cases in a group of  subjects 
under the age of  50 years, then calculi are detectable in 
11%-30% of  subjects aged 60-70 years and in 33%-50% 
of  those over 90 years of  age. The amount of  cholesterol 
in the bile is supposed to increase with age[28]. This is 
caused by dyslipoproteinemia that results in a linear in-
crease in cholesterol excretion into the bile and by the re-
duced synthesis of  bile acids due to the dropped activity 
of  the enzyme cholesterol 7α-hydroxylase (CYP7A1)[29]. 
The xenobiotic receptor, pregnant X receptor (PXR), 
has a role in the pathogenesis of  cholesterol GD[30]. PXR 
prevents cholesterol GD via its coordinated regulation 
of  the biosynthesis and transport of  bile salts in the liver 
and intestine. Cholesterol precipitation is prevented by 
increases in concentrations of  biliary bile salts and a re-
duced cholesterol saturation index (CSI)[30]. Loss of  PXR 
sensitized mice to lithogenic diet-induced cholesterol 
GD, characterized by decreases in biliary concentrations 
of  bile salts and phospholipids and increases in the CSI 
and formation of  cholesterol crystals. The decreased bile 
acid pool size in PXR-/- mice that received lithogenic di-
ets was associated with reduced expression of  CYP7A1, 
the rate-limiting enzyme of  cholesterol catabolism and 
bile acid formation. The reduced expression of  CYP7A1 
most likely resulted from activation of  PXR and induc-
tion of  fibroblast growth factor 15 in the intestine[30].

There is a negative correlation between age and the 
amount of  synthesized bile acids and a positive correla-
tion between cholesterol levels and age. Furthermore, 
hemoperfusion of  the gallbladder wall is noted to be re-
duced with age due to the presence of  sclerotic changes. 
This contributes to the dysfunction of  the gallbladder, its 
infection and inflammation with exudation into the lu-
men of  the organ. 

Gender�: The female gender is a generally recognized risk 
factor of  GD[10,24,31-33]. Marschall HU and Einarsson C[34] 
assume that age and sex are profoundly associated with 
the incidence of  gallstone disease; the metabolic risk fac-
tors for gallstone disease are different between men and 
women[1,29]. In reproductive-aged women, the risk of  cho-
lelithiasis is 2-3 times higher than that in men[10]. The rea-
sons for this have not been fully elucidated. Pregnancies 
also contribute to formation of  stones in the gallblad-
der[10,22,33]. GD is particularly common in multiparas (parity 
4 or more). Gender differences and frequent GS detec-
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tions in pregnant women are linked with hormonal back-
ground[10]. Elevated estrogen levels are known to increase 
cholesterol excretion into the bile by causing its super-
saturation with cholesterol. During pregnancy, in addition 
to the elevated level of  estrogens, gallbladder evacuation 
function suffers, giving rise to bile sludge and gallstones. 
Hormone replacement therapy (HRT) with estrogen-
containing agents in postmenopausal women[35] and the 
use of  hormonal oral contraceptives[19] may increase the 
risk of  symptomatic GS. Use of  HRT is positively as-
sociated with an increased risk of  symptomatic GS in 
this population. This confirms trial data and additionally 
shows effects of  duration of  use and increased risk asso-
ciated with past use[36]. Opinions regarding the association 
between gallbladder disease and oral contraceptives dif-
fer[19]. This may be associated with the fact that the effect 
of  estrogens is dose-dependent. Therefore, the currently 
available low-dose estrogen-gestagen combination oral 
contraceptives have a lower risk for GD[10].

Regarding gender, despite of  the higher absolute 
frequency of  GS in females with cirrhosis, the risk of  
cholelithiasis in cirrhotic males is much higher than in the 
healthy population[2]. Fornari et al[37] claimed that cirrhosis 
is a risk factor for GD in males and suggested that a high 
level of  estrogens could play a role by an impairment of  
gallbladder emptying, as observed also in pregnant wom-
en. Age, sex and body mass index (BMI), relevant factors 
for GS development in the general population, are much 
less important in patients affected by cirrhosis where the 
main factor to be considered is the degree of  impairment 
of  underlying liver disease[2].

Genetic factors�: There is growing evidence that GS 
formation may be genetically determined[38]. The risk of  
GS formation is 2-4 times higher in individuals whose 
relatives suffer from GD[32,39]. In cases of  family GD, ge-
netic factors play a prevailing role and are characterized 
by autosomal dominant inheritance[31,40]. Genetic suscep-
tibility contributes to the etiology of  gallbladder diseases, 
as shown by multiple epidemiological studies. Murine 
experiments have shown that there is a lithogenicity 
gene[41]. A major gallstone susceptibility locus (Lith6) was 
identified in 2003 by quantitative trait locus mapping in 
mice. Two attractive positional and functional candidate 
genes in apolipoprotein B mRNA-editing protein (APO-
BEC1) and peroxisome proliferator-activated receptor 
gamma (PPARG) are located in this interval. In the in-
vestigated German samples, no evidence of  association 
of  APOBEC1 and PPARG with gallstone susceptibility 
was detected. Systematic fine mapping of  the complete 
Lith6 region is required to identify the causative genetic 
variants for gallstone in mice and humans[42]. From quan-
titative trait locus mapping in inbred mice, Kovacs P et 
al[43] identified the Nr1h4 gene encoding the nuclear bile 
salt receptor FXR (farnesoid X receptor) as a candidate 
gene for the cholesterol gallstone susceptibility locus 
Lith7. Genome wide scans of  inbred strains of  mice 
have linked the genes encoding the hepatocanalicular 

cholesterol transporter. ATP binding cassette (ABC) G5 
and G8 (ABCG5/G8) are sterol export pumps which 
regulate biliary cholesterol absorption and excretion. Su-
persaturation of  bile with cholesterol is a primary step in 
the formation of  cholesterol gallstones. The function of  
this transporter and the results of  the genetic study taken 
together indicate that in gallstone-susceptible carriers of  
the ABCG8 19H allele, cholesterol cholelithiasis is sec-
ondary to increased hepatobiliary cholesterol secretion[44]. 
The formation of  GS, supersaturated with cholesterol 
in bile, is determined by genetic and environmental fac-
tors. The linkage and association studies identified the 
cholesterol transporter ABCG5/G8 as a genetic deter-
minant of  GS formation, or LITH gene, in humans. The 
interaction of  susceptible gene polymorphisms with age, 
sex and BMI in GD is unclear. Carriers of  ABCG5 604Q 
or ABCG8 D19H polymorphisms have an increased 
risk of  GD independent of  age, sex and BMI[45]. The 
T400K polymorphism in ABCG8 may be associated with 
the incidence of  GD in males[46]. The genes associated 
with the development of  GD are assumed to be located 
mainly on chromosomes 3, 4, 9 and 11[47]. The increased 
expression of  3-hydroxy-3-methylglutaryl-coenzyme-A-
reductase, the enzyme that regulates the synthesis of  cho-
lesterol in the body, has been earlier suggested to play the 
most major role[48]. Gene variants in the lipid metabolism 
pathway contribute to the risk of  biliary tract stones and 
cancers, particularly of  the bile duct[49]. With certain gene 
polymorphisms, there is an increased risk for systemic 
metabolic disturbances, leading to the higher secretion 
of  cholesterol into the bile and to gallbladder dysfunc-
tion[17,44,46]. Genetic polymorphisms in apolipoprotein 
genes may be associated with alteration in lipid profile 
and susceptibility to GD[5,50]. The APOA1-75 G/A poly-
morphism is associated with gallstone disease and shows 
sex-specific differences. On the other hand, APOA1 
M2(+/-) and APOC3 SstI polymorphisms may not be 
associated with gallstone disease. Haplotype analysis is 
a better predictor of  risk for GD[51]. It was recently pre-
sented that a common polymorphism in the low-density 
lipoprotein receptor-related protein-associated protein 
(LRPAP1) gene might be associated with GD[52]. Muta-
tions of  the gene encoding the hepatocanalicular phos-
phatidylcholine transporters may lead to reduced lecithin 
secretion into the bile and its increased lithogenicity[53,54]. 
Association was stronger in subjects with cholesterol gall-
stones (odds ratio = 3.3), suggesting that His19 might be 
associated with a more efficient transport of  cholesterol 
into the bile[17]. Cholesterol 7alpha-hydrolase (CYP7A1) 
is an enzyme that catalyzes the first, rate-limiting reaction 
of  a cholesterol catabolic pathway. Recently, a common 
c.-278A� �� �����������������������������    �� ������������   �� �����������������������������    �� ������������  >������������������������������     �� ������������   �����������������������������    �� ������������  C polymorphism (rs3808607:���  �� ������������   �� �� ������������  G� �� ������������   �� ������������  >�������������    ������������  T) has been 
described in the CYP7A1 gene, associated with altered 
plasma lipid levels. Authors concluded that CYP7A1 
promoter polymorphism is not a valuable marker of  GD 
susceptibility in a Polish population[52].

Mucin, a major component of  mucus, plays an impor-
tant role in GS formation. The molecular mechanisms of  
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mucin overproduction, however, still remain unknown. 
Several mucin genes (MUC) have been implicated in 
various diseases and gel-forming mucin genes (MUC2, 
MUC5AC, MUC5B, and MUC6) were recognized to be 
the important components of  digestive mucus. Further-
more, epidermal growth factor receptor (EGFR) might 
regulate the function of  MUC5AC. MUC5AC is over-
expressed in GD, despite of  the decrease in the expres-
sion of  EGFR mRNA. MUC5AC may be related to 
mucus hypersecretion[55]. The SNPs at MUC1 and MUC2 
are significantly associated with GS in men but not in 
women. These genes can work jointly to further increase 
susceptibility to GS in a Chinese population[56].

Being overweight������  ������� ����� �������and obesity�: Being overweight and 
obesity are important risk factors of  cholelithiasis[24,31,33,57]. 
Obesity is accompanied by increased synthesis and ex-
cretion of  cholesterol into bile. At the same time, the 
amount of  produced cholesterol is directly proportional 
to being overweight[8]. Weight cycling, independent of  
BMI, may increase the risk of  GD in men. Larger weight 
fluctuation and more weight cycles are associated with 
greater risk[58]. The beta3-adrenergic receptor (ADRB3) 
is a transmembrane receptor highly expressed in adipose 
tissue and thought to be involved in the regulation of  li-
polysis. ADRB3 is also highly expressed in gallbladder tis-
sue where it may be involved in gallbladder contraction. 
Klass et al[59] indicate that the ADRB3 Trp64Arg polymor-
phism is associated with gallstone disease, thereby repre-
senting a genetic marker that identifies subjects at higher 
risk for gallstone formation. Low-calorie diets used in 
obese patients give rise to ointment-like bile and stones in 
25% of  cases. In the case of  bypass surgery for obesity, 
the likelihood of  cholelithiasis is even higher: 50% of  pa-
tients are found to have GS within 6 mo postoperatively. 
Weight loss is accompanied by the elevated levels of  
mucin and calcium in the cystic bile, thereby giving rise to 
biliary sludge and stones in the gallbladder. 

Diet��:� A high intake of  cholesterol increases its bile level[31]. 
A low-fiber diet slows transit of  the intestinal contents, 
which promotes the increased formation and absorption 
of  secondary bile acids and the enhanced lithogenic prop-
erties of  bile[22]. Refined carbohydrates increase choles-
terol saturation of  bile while small doses of  alcohol have 
the opposite effect. Epidemiological studies in the U������nited 
States���������������������������������������������������          have demonstrated that a daily intake of  2-3 cups 
of  coffee reduces the risk for GS formation[60]. Long-term 
parenteral nutrition promotes gallbladder dilatation and 
hypokinesia and gives rise to gallstones[48]. 

Liver and pancreatic diseases�: In liver cirrhosis, GS 
are detectable in 30% of  patients[61,62]. It is stated that 
subjects with HBsAg[63] and viral hepatitis C have an 
increased risk for GS formation. Hepatic metabolic dys-
function and bile duct lesions are mentioned among its 
possible causes[57]. In primary biliary cirrhosis, bile duct 
stones (more commonly pigment ones) are encountered 

in 39% of  patients. The incidence of  GD increases in 
fatty hepatosis[64]. Patients with diabetes mellitus are at a 
higher risk for GD, which is linked with hypercholester-
olemia observed in this disease[31,65]. Immune resistance 
associated with the polymorphism of  genes encoding 
receptors in adipocytes: retinoid X receptor and peroxi-
some proliferators-activated receptor promotes the oc-
currence of  cholelithiasis, as shown by the Chinese inves-
tigators’ data[66].

Drug:������������������������������������������������     Estrogens, prednisolone, cyclosporine, azathio-
prine, sandostatin[67], clofibrate, nicotinic acid and a 
number of  other long-term drugs increase the risk for 
GD[68,69]. Oral contraceptives increase the incidence of  
GD in younger women, especially in the early period of  
their use of  oral contraceptives[70]. ������������������������  Sixty-eight point eight 
percent�����������������������������������������������        of  SLE patients on corticosteroid therapy had 
cholelithiasis[71]. The data, presented in these articles, sug-
gest that corticosteroids and oral contraceptives, which 
contain hormones related to steroid hormones, may be 
regarded as a model system of  cholelithiasis development 
in man. 

Long-term corticosteroid therapy is well known 
to cause dyslipoproteinemia, characterized by elevated 
plasma total cholesterol, triglycerides and low-density 
lipoprotein cholesterol. The major catabolic pathway for 
cholesterol is its transformation into bile acids, involving 
P450 cytochrome and subsequent bile excretion from the 
body. The elevated level of  total cholesterol may change 
a bile acid/cholesterol ratio and lead to the formation of  
GS in patients with SLE or in patients who use oral con-
traceptives. 

Cytostatic therapy during organ transplantation in-
creases the risk of  cholelithiasis. Stone formation is noted 
in 13%-60% of  acromegaly patients taking octreotide 
(sandostatin) and becomes particularly high when it is 
discontinued[67,72]. Ceftriaxone frequently causes transient 
biliary precipitation and its probability increases if  the 
child is over 12 mo of  age, the dose is over 2 g/d, or the 
duration is over five days. Ceftriaxone, a third-generation 
cephalosporin, is widely used for treating infection dur-
ing childhood. It is mainly eliminated in the urine, but 
approximately 40% of  a given dose is unmetabolized and 
secreted into bile[73]. The risk for cholelithiasis increases 
in constitutive obesity and in the case of  long-term high-
dose insulin therapy and insulin resistance[74]. Gallstones 
appear to be a marker for insulin resistance, even in non-
diabetic, nonobese men[75].

Long-term therapy with each of  these agents enhanc-
es cholesterol excretion into bile and results in its super-
saturation with cholesterol through competitive inhibition 
of  bile acid synthesis from cholesterol on cytochrome 
Р450

[71] (Fig������� ure ���1).
The defect in the key enzyme of  the classical pathway 

of  bile acid synthesis, cholesterol 7α-hydroxylase (CY-
P7A1), has been associated with a decrease in bile acid 
production via the classical pathway, which is compen-
sated by activation of  the alternative acidic pathway[76]. 
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In these individuals, hepatic cholesterol contents are 
increased and, in adults, LDL hypercholesterolemia and 
cholesterol GS are commonly present[77]. Genetic varia-
tion in genes involved in steroid biosynthesis, metabolism 
and signal transduction have been suggested to play a 
role in GD. An association for cholelithiasis risk between 
short alleles for both c.1092+3607 (CA) 5-27 and c.172 
(CAG) 5-32 repeat polymorphisms of  the estrogen 
receptor-beta and androgen receptor was found in indi-
viduals of  Greek descent[78]. Occurring cholesterol meta-
bolic disturbances are attended by decreased gallbladder 
motor activity, which also promotes GS formation.

Low socioeconomic status and a poor hygiene level 
are currently stated among the risk factors of  GD[79].

By using logistic regression multivariate analysis, au-
thors[32] from Saudi Arabia note the following significant 
risk factors for GD: female sex, family history of  gall-
stone disease and past history of  pancreatitis. Moreover, 
age, education, blood pressure, smoking, coffee intake, 
being overweight, diabetes mellitus, number of  pregnan-
cies and use of  oral contraceptives were not significant 
risk factors[32]. The data presented by the authors does 
not correspond well with the above mentioned and raises 
a question about the correlation of  race and gallstone 
disease development. Apparently, a multicenter multina-
tional investigation is required.

Factors that contribute to cholesterol precipitation and 
crystallization core formation 
Mucin-glycoprotein gel is one of  the most important 
and identified pronucleators. Mucins are high-molecular-
weight glycoproteins containing oligosaccharide side-
chains attached to serine or threonine residues of  the 
apomucin backbone by O-glycosidic linkages[80]. Mucins 
can be divided into two classes: gel forming and mem-
brane-associated. Bile mucin has two main domains: one 
rich in serine, threonine and proline, which contains the 
majority of  the covalently-bound carbohydrates; and 
another, nonglycosylated domain, enriched in serine, 

glutamic acid, glutamine and glycine, which binds hydro-
phobic ligands such as bilirubin. In health, mucin is con-
stantly secreted by the gallbladder mucosa; however, its 
secretion increases if  lithogenic bile is present. Secretory 
mucins are gel forming and may increase bile viscosity. 
The biochemical composition of  hepatic bile is modified 
during residence in the gallbladder, contributing to sludge 
formation. An increased expression of  gel-forming mu-
cin, such as MUC5AC and MUC2, was found in patients 
with hepatolithiasis[81]. Wang and coworkers[82] described 
a positive correlation between MUC1 and MUC5AC 
expression, indicating a gene-gene interaction that might 
affect the accumulation of  mucin gel and cholesterol 
GS formation. Bile mucin is derived from pure hepatic 
bile, gallbladder-concentrated bile, and mucin secreted by 
the bile duct epithelium. In patients with biliary sludge, 
mucin concentration was higher in bile collected by en-
doscopic retrograde cholangiography than in gallbladder 
bile[80]. The biochemical composition of  hepatic bile is 
modified during residence in the gallbladder, contributing 
to sludge formation.

Bilirubin is frequently found in the center of  cho-
lesterol stones, which allows us to think that cholesterol 
crystals may precipitate as protein-pigment complexes in 
the gallbladder.

Factors that lead to impaired gallbladder function 
(contraction, absorption, secretion) 
Cholesterol precipitates are constantly formed in the 
normal gallbladder. Its contraction removes cholesterol 
crystals and mucus clumps, preventing the formation 
of  stones[83]. This is also favored by the slightly acidic 
medium of  bile. Gallbladder filling and emptying could 
be impaired in patients with GD[84]. GS formation is as-
sociated with poorer contractility and larger gallbladder 
volume[85]. It is likely that an increase in gallbladder vol-
ume could result in impaired gallbladder motility and bile 
stasis, which may encourage GS formation[86]. Cholestasis 
in the gallbladder with its preserved concentrating func-
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tion substantially increases the risk of  stone formation. 
Gallbladder emptying is difficult in flatulence, preg-

nancy[87], on switching to complete parenteral nutrition, in 
prompt weight loss, long-term starvation[29], celiac disease, 
iron-deficiency anemia[88] and gallbladder cholesterosis[89]. 
With age, there is a reduction in the sensitivity and num-
ber of  receptors to cholecystokinin, motilin and other 
stimuli of  the motor activity of  the gallbladder receptor 
apparatus. There is evidence for certain cholecystokinin 
receptor A gene polymorphisms that increase the rate 
of  cholelithiasis due to impaired gallbladder motility[90]. 
Increased expression of  the gene encoding the synthesis 
of  type Ⅱ receptor to pituitary polypeptide that activates 
adenylate cyclase in the tissue of  the gallbladder, resulting 
in its impaired motility, is involved in the development of  
GD[91].

Somatostatin, atropine and methylscopolamine lower 
gallbladder contractility. Morphine exerts a cholecystoki-
netic effect but concurrently induces spasm in the sphinc-
ter of  Oddi.

A few investigators attribute gallbladder smooth 
muscle hypokinesia to excess cholesterol in the cytoplas-
mic membranes of  myocytes. The defective contraction 
of  muscle cells with excessive cholesterol levels in the 
plasma membrane is due to an increased expression of  
caveolin-3 proteins Cav-3 that results in the sequestration 
of  CCK-1 receptors in the caveolae, probably by inhibit-
ing the functions of  Galpha (i3) proteins[92].

Contractility of  the gallbladder may be impaired by its 
denervation after surgery of  the hepatopancreatoduode-
nal area or gastrectomy with bypass[93-96]. A notable reduc-
tion in the number of  neurons in the gallbladder wall was 
observed in Chagas patients, in comparison with non-
Chagas subjects[97].

Factors that lead to impaired enterohepatic circulation 
of bile acids 
Small bowel diseases accompanied by severe malabsorp-
tion (gluten enteropathy, Crohn’s disease, etc.) result in 
impaired bile acid absorption[22]. The rate of  stone forma-
tion amounts to as high as 26.4% in Crohn’s disease with 
predominant localization in the terminal small bowel. 

At the same time, there is no difference in the rate 
of  GS formation between men and women. There is 
no age-dependence characteristic of  GD[48]. Cholesterol 
stones are generally formed in Crohn’s disease; however, 
there is evidence that pigment stones may be formed in 
this disease.

Ileectomy�: ��������������������������������������������    Subtotal and total hemicolectomies increase 
the risk of  GS formation. 

Biliary fistulas�: External drainage or biliary fistulas 
resulting from the pathological process, such as in xan-
thogranulomatous cholecystitis, promote massive loss 
of  bile acids, which is not offset even by their intensive 
compensatory synthesis.����������������������������������      ���������������������������������    Resection, diseases of  the small 
bowel, with the pathological process being located in 

the terminal portion, and biliary fistulas lead to impaired 
enterohepatic circulation of  bile acids and, as a result, to 
dyscholia and GD.

Composition of gallstones
Stones in the gallbladder and/or bile ducts are a mor-
phological substrate of  GD. The major components of  
virtually all types of  GS are free unesterified cholesterol, 
unconjugated bilirubin, bilirubin calcium salts, fatty ac-
ids, calcium carbonates and phosphates, and mucin gly-
coproteins. 

Three main categories of  gallstones can be identified 
according to their predominant chemical composition, 
cholesterol and pigment stones[2]: ������������������������  (1) �������������������� cholesterol stones, 
constituting as high as 75% of  all gallstones in GD[10,98]; (2) 
pigment stones�����������������������    ; and (3) ������������� mixed stones�.

White or yellowish cholesterol gallstones are present 
in the gallbladder; they are round or oval in shape, light 
(they do not sink in water) and, when ignited, burn with 
a bright flame. When sectioned, they are radial in struc-
ture due to the radial alignment of  cholesterol crystals. 
Cholesterol and mixed stones comprise mainly of  cho-
lesterol monohydrate (it is at least 70% in the cholesterol 
stones[22]) and a mixture of  calcium salts, bile acids, pig-
ments and glycoprotein, which may be present in the cen-
ter of  a gallstone and generate radial or concentric pre-
cipitates. Scanning and transmission electron microscopic 
studies of  the microstructure of  lithogenic bile have 
indicated that lamellar vesicles with incorporated lipo-
philic and hydrophilic compounds are not only a precur-
sor, but also a major structural component of  cholesterol 
stones[99]. Methods of  study that determine the spatial re-
lationships between the major components of  lithogenic 
bile during crystallization are of  great importance.�����  ����The 
data on the structural relationship between glycoproteins 
and cholesterol in the GS are obtained from histochemi-
cal studies using light microscopy.� 

Color cathodoluminescence scanning electron mi-
croscopy (CCLSEM) studies of  cholesterol GS (Fig������� ure����  2) 
have shown that their major components are cholesterol 
and protein constituents (Fig�����������������������������    ure��������������������������     2A and B, respectively). 
Bilirubin is arranged as individual embedments onto the 
surface of  the section of  a stone (Fi����� ���gure� ��� 2��С�)[71,100,101].

Pigment GS are those that contain less than 30% 
cholesterol. These are black (compact and small) and 
brown (softer and large) pigment stones. The black pig-
ment stones account for 20%-30% of  the gallstones in 
GD and are more frequently encountered in the elderly. 
They are composed predominantly of  calcium biliru-
binate, phosphate and carbonate without a cholesterol 
impurity[102-105]. They have different shapes, are more 
commonly very small and numerous, greenish black in 
color, compact, but fragile. There are also brown pigment 
stones, very common in east Asia, which form due to bile 
stasis, parasites, incomplete polymerization of  calcium 
hydrogen bilirubinate, saturated fatty acids and bacterial 
infection with enzymatic hydrolysis of  biliary lipids[2]. 
The brown stones are chiefly located in the bile duct and 
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amount to about 10%-20% of  the stones that are formed 
in GD. The brown pigment stones contain calcium bili-
rubinate, less polymerized than that in the black pigment 
stones, as well as cholesterol and calcium palmitate and 
stearate. For pigment stones, supersaturation of  bile with 
unconjugated bilirubin plays a major role, which results 
in its agglomeration[103]. Chronic hemolytic anemias are a 
major risk factor of  bilirubin stone formation[104]. About 
30% of  patients with thalassemia major (TM) suffer 
from GD[105]. Recent studies have shown that a variant 
TATA-box in the promoter region of  the UDP-glucuro-
nosyltransferase 1A1 (UGT1A1) gene is associated with 
the development of  cholelithiasis[105]. The coding region 
mutation (G71R) of  the UGT1A1 gene was higher in 
Asians than those in Caucasians. The combined TATA-
box variants and G71R mutations of  the UGT1A1 is 
associated with cholelithiasis in beta-thal/Hb E[106]. It has 
been thought that intrahepatic stones are brown pigment 
stones (bilirubin�����������������������������������������       ����������������������������������������     carbonate stones). It became clear that 
the intrahepatic stones contained high levels of  free bile 
acids and that bacterial infection, which deconjugates the 
glycine and taurine conjugations, is involved in the patho-
genesis of  GS. The fatty acid analysis demonstrated high 
levels of  free saturated fatty acids in the GS as well as the 
involvement of  phospholipases, which break down phos-
pholipids in bile, particularly phospholipase A1[107].

Purely calcific stones that are composed of  calcium 
carbonate are very rare in adults[48,108]. In contrast, calcium 
carbonate gallstones are relatively common in children. 
An increase in mucin producing epithelial cells in gall-
bladders from children containing calcium carbonate 
stones was demonstrated. This supports the hypothesis 
that cystic duct obstruction leading to increased gallblad-

der mucin production may play a role in the development 
of  calcium carbonate gallstones in children[108].

Mixed cholesterol-calcific-pigment stones are most 
common: they sink in water and burn poorly; when cut, 
they have a lamellar pattern. The causes and factors 
which induce the alternation of  layers and their chemical 
heterogeneity remain unknown. The mixed stones have 
various shapes and sizes. The data obtained by CCLSEM 
suggest that the composition and structure of  single 
and multiple mixed GS are different[100,101]:����������������    (1) ����������� the single 
mixed GS display a protein-cholesterol composition in 
the core;���������������������������������������������         (2) ����������������������������������������      the multiple mixed GS exhibit a protein-
bilirubin composition in the core;�����������������������     and (3)���������������   moreover, the 
single and multiple mixed GS necessarily contain a pro-
tein component that is arranged along the stone section 
plane. Whether bile glycoproteins are implicated in the 
formation of  cholesterol stones is still debated. The data 
of  qualitative and quantitative biochemical studies of  the 
pronucleation activity of  mucinic glycoproteins are in 
doubt and without agreement.

Knowledge of  the chemical, structural and elemental 
composition of  GS is essential for the etiopathogenesis of  
GD. To identify the predisposing factors for GS forma-
tion, X-ray diffraction powder analysis, atomic absorption 
spectroscopy and various biochemical estimations were 
carried out. In the present study, trace elemental analysis 
revealed calcium as the major constituent element, in ad-
dition to the iron, magnesium and zinc in the majority 
of  GS. Patients with GS exhibited increased serum total 
bilirubin and conjugated bilirubin levels and liver function 
parameters (serum glutamic pyruvic transaminase, serum 
glutamic oxaloacetic transaminase and alkaline phospha-
tase). In patients with GS, higher concentrations of  malo-
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Figure 2  Color cathodoluminescence scanning electron mi-
croscopy micro images of cholesterol gallstones. The applica-
tion of the computer program “Adobe Photoshop” (software) and 
color contrast by the color cathodoluminescence scanning electron 
microscopy (CCLSEM) technique permitted the determination of 
cholesterol, bilirubin and protein within the stone. CCLSEM micro-
graphs of cholesterol (A), protein (B), bilirubin (C) were obtained 
after color separation[100]. The major components of the gallstones 
under examination were cholesterol (A) and protein (B). They were 
detected all over the entire surface of the scanned gallstone while 
rare bilirubin insertions (C) were seen only at the periphery of the 
gallstone. 
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ndialdehyde, significantly higher glutathione disulfide/
glutathione (GSH) ratio, reduced total GSH levels and 
significantly decreased antioxidant enzymes activities (su-
peroxide dismutase, catalase and glutathione peroxidase) 
were found than in patients without GS. Further studies 
are needed to establish whether the observed differences 
are a cause or an effect of  GS formation. Such studies 
could ultimately result in the development of  new strate-
gies for the treatment of  GS and might provide clues for 
the prevention of  GS formation[109].

PATHOGENESIS OF CHOLESTEROL 
STONES
The pathogenesis of  GD is suggested to be multifacto-
rial and probably develops from complex interactions 
between many genetic and environmental factors[1,34]. 
Unphysiological biliary supersaturation from hypersecre-
tion of  cholesterol, gallbladder hypomotility and the ac-
cumulation of  mucin gel contribute to the formation of  
cholesterol GS, while black pigment stones derive from 
the precipitation of  calcium hydrogen bilirubinate where 
pigment supersaturation and deposition of  inorganic 
salts, phosphate and calcium bicarbonate accelerate the 
nucleation. Pigment supersaturation is common in he-
molytic disorders, enterohepatic cycling of  unconjugated 
bilirubin and ileal disorders and/or surgery[110]. Choles-
terol GD results from a biochemical imbalance of  lipids 
and bile salts in the gallbladder bile[30].

Cholesterol stones are formed in the gallbladder due 
to impaired relationships between the major bile compo-
nents, cholesterol, phospholipids and bile acids[111]. The 
pathophysiology of  GS formation involves three steps: 
saturation, crystallization and growth. Bile cholesterol su-

persaturation is an obligatory, but not the only, factor that 
contributes to GS formation. An important role in this 
is played by the state of  pronucleating and antinucleating 
factors and the functional state of  the gallbladder. 

The biochemical composition and physicochemi-
cal properties of  bile are modified when it is located in 
the gallbladder. Diminished evacuatory function of  the 
gallbladder with its preserved concentrating capacity may 
give rise to biliary sludge and GS. In excess cholesterol 
or deficiency of  phospholipids and/or bile acids (a high 
cholesterol saturation index), bile cholesterol is transport-
ed, not only in the form of  mixed micelles, but also as 
phospholipid vesicles. Cholesterol-supersaturated unila-
mellar and then multilamellar vesicles that are less stable 
are formed. Nuclear receptors (NRs) play a key role in 
the transcriptional control of  critical steps of  hepato-
biliary transport and phase Ⅰ/Ⅱ metabolism of  endo- 
and xenobiotics such as bile acids and drugs. Apart from 
these metabolic roles, NRs may also play a key role in the 
control of  hepatic inflammation. Hereditary and acquired 
alterations of  NRs contribute to our understanding 
of  the pathogenesis of  cholestasis and GD. Moreover, 
NRs may represent attractive drug targets for these 
disorders[112].������������������������������������������        �����������������������������������������      Cholesterol nucleation is known to be an 
initial stage in the formation of  cholesterol GS[113]. The 
present-day interpretation of  the mechanisms responsible 
for cholesterol transport and formation of  cholesterol 
monohydrate crystal in the bile suggests that cholesterol 
molecules nucleate from the liquid-crystalline phase (a 
mesophase) after the aggregation and possible fusion of  
cholesterol-rich unilamellar vesicles[99,114,115] (Fig�������� ure�����  3). 
Under certain conditions, cholesterol can aggregate and 
precipitate in them as cholesterol monohydrate crystals to 
give rise to the core of  a GS. 

The important factor in such mesophasic nucleation 
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is associated with further interaction between the mono-
hydrate crystals and the molecules of  protein and uncon-
jugated bilirubin. All these organic substances are precur-
sors in the lithogenic bile and structural components of  
most human GS[116].

Polarizing light microscopy is the main technique for 
visualization of  cholesterol crystal formation processes 
in normal and lithogenic bile[117,118]. This technique has re-
vealed that cholesterol crystallizes from bile via metastable 
intermediates[119]. Loginov et al[100] have shown that mixed 
(single and multiple) stones are composed of  alternating 
concentric, cholesterol-rich and bilirubin-rich layers. The 
reason for this alternation and the periodic emergence of  
layers of  various compositions remain unclear. By taking 
into account the data on the zonal stratification of  bile 
on its drying and the relationship of  the formation of  
cholesterol and bilirubin the deposits to the dehydration 
or watering of  a solution, it can be presumed that the 
layering of  stones depends on bile concentrations in a 
period of  lithogenesis[120]. Cholesterol can crystallize even 
when the concentration of  a bile solution is outside or 
slightly below the normal range. Bilirubin precipitation 
increases as lithogenic bile concentrates progressively. 
Thus, the concentrating or watering of  a bile solution 
may be of  great importance in the formation of  choles-
terol- and bilirubin-containing layers in the GS.

Bile proteins and bilirubin, in addition to cholesterol 
crystals, can be a matrix in stone formation. Mucin-
glycoprotein gel is one of  the most important and identi-
fied pronucleators. It should be noted the mucus of  the 
gallbladder in normalcy constantly secretes the mucin; 
however, its secretion increases due to inflammation[121]. 

Chronic inflammation of  the gallbladder wall and mucin 
hypersecretion are considered important factors in the 
pathogenesis of  cholesterol GD. The results support a 
promoting effect of  gallbladder mucin hypersecretion by 
lipid peroxidation leading to rapid formation of  choles-
terol crystals in gallbladder bile. These findings suggest 
that besides hypersecretion of  cholesterol in bile, chronic 
inflammation of  the gallbladder wall is implicated in the 
pathogenesis of  cholesterol GD[121]. 

Bacterial infection is of  great significance in the 
development of  inflammation in GD. In health, bile is 
sterile as it has bactericidal activity[122]. When there are 
changes in bile composition or cholestasis in the gallblad-
der, bacteria can rise into the gallbladder through the bile 
duct and promote lithogenesis. Cystic bile destabilized by 
chronic inflammation of  gallbladder wall contains high 
arachidonyl-lecithin levels ����������������������������    (���������������������������    Figure 4�������������������   )������������������   . The observed in-
crease in the activity of  the phospholipase А2 secreted by 
bacteria leads to the hydrolysis of  phospholipids and the 
accumulation of  free fatty acids, including arachidonic 
acid[107]. The latter activates the generation of  prosta-
glandins, thromboxanes and leukotrienes to cause mucin 
glycoproteins to be hypersecreted by the gallbladder mu-
cosa. In infection, cholic acid is converted to lithocholic 
acid. The higher production of  lithocholic acid in the 
cystic bile promotes aggregation of  cholesterol monohy-
drate crystals. 

In parallel with this, there are morphological changes 
in the gallbladder mucosa. The surface epithelium passes 
into goblet, mucus cells that secret much mucus, the 
columnar epithelium flattens and microvilli are lost. 
This results in impaired water and electrolyte absorption 
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processes. Mucin and mucus hypersecretion gives rise to 
a parietal colloid solution that is turned to viscoelastic 
glycoprotein-mucin gel. The latter promotes the aggre-
gation of  phospholipid vesicles and the nucleation and 
precipitation of  cholesterol monohydrate crystals and/or 
bilirubin. Cholesterol monohydrate crystals, mucus gly-
coprotein mucin bands and calcium bilirubinate granules 
form the basis for biliary sludge and a pigmented matrix 
of  the core of  most cholesterol gallstones. 

Hypersecretion is induced by the increased expres-
sion of  one of  the genes encoding the synthesis of  mucin 
(MUC5AC) and by the decreased expression of  the epi-
dermal growth factor receptor gene involved in the regula-
tion of  mucin synthesis, which are observed in all patients 
with GD[55]. The elevated levels of  glycosaminoglycans 
mainly due to a sulfated fraction are characteristic.

In addition to mucin, the proteins that accelerate 
cholesterol precipitation include N-aminopeptidase, im-
munoglobulins and phospholipases C. The antinucleators 
include apolipoproteins А1 and А2, which slow choles-
terol precipitation, aspirin and other nonsteroidal anti-
inflammatory drugs.

The bulk of  intrahepatic stones are formed due to 
biliary tract infection[123]. The neck of  the gallbladder 
hosts the biggest bacterial load in comparison with the 
body and the fundus. This difference might be attrib-
uted to the presence of  Rokitansky-Aschoff  sinuses, the 
main histological characteristic of  the region[124]. This is 
frequently the opportunistic flora (Escherichia coli, strep-
tococcus, staphylococcus and typhoid bacillus) that, by 
setting in motion its capsular O-antigen, can persist in the 
GS for decades[125]. Intrahepatic stones contain abundant 
free fatty acids and free bile acids due to the deconjuga-
tion with bacterial enzymes.

Bacteria are readily cultured from cholesterol stones 
with pigment centers, allowing for analysis of  their viru-
lence factors. Bacteria sequestered in cholesterol stones 
cause infectious manifestations but less than bacteria 
in pigment stones. Possibly, because of  their isolation, 
cholesterol stone bacteria are less often present in bile 
and blood, induce less immunoglobulin G, are less often 
killed by a patient’s serum and demonstrate fewer infec-
tious manifestations than pigment stone bacteria[126]. The 
O-antigen capsule genes are bile induced and the capsule 
produced by the enzymes of  this operon is specifically 
required for biofilm formation on cholesterol GS. Sal-
monella enterica serovar Typhi can establish a chronic, 
asymptomatic infection of  the human gallbladder, sug-
gesting that this bacterium utilizes novel mechanisms to 
mediate enhanced colonization and persistence in a bile-
rich environment. GS are one of  the most important 
risk factors for developing carriage and authors have 
previously demonstrated that salmonellae form biofilms 
on human GS in vitro[125]. Thus, the microorganisms 
induce increased mucin production and destroy both 
components that solubilize cholesterol in the micelles by 
inducing its crystallization. The performed investigations 
indicate that stones of  various compositions are formed 

depending on the species of  the microorganism that is 
responsible for biliary tract inflammation. Thus, the bac-
teria that produce beta-glucuronidase and mucus or beta-
glucuronidase only give rise to pigment or mixed stones 
while the microorganisms that produce only mucus or do 
not produce any of  these factors are more common in 
the cores of  cholesterol stones[127].

The genetic material of  Clonorchis sinensis and As-
caris lumbricoides worms may be found in the GS[128,129]. 
Clonorchis sinensis and Ascaris lumbricoides may be re-
lated to biliary stone formation and development[128]. 

Foreign bodies, such as suture materials, clips, swal-
lowed metal or plastic fragments, or parasites, may 
become foci of  nucleation. Surgical clips are the most 
common cause of  iatrogenic cholelithiasis[23]. The stones’ 
growth rate is 3-5 mm per year and in some cases it may 
be more[22,130].

TREATMENT FOR GALLSTONE DISEASE
The treatment of  cholelithiasis is symptomatic and chief-
ly aims at removing the stones from the gallbladder or 
bile ducts. When the cause of  the disease is known, the 
conditions resulting in cholelithiasis, such as hemolytic 
anemia, obesity, diabetes mellitus, etc, are treated.

Surgery has long remained the exclusive form of  ther-
apy for GD. The achievements in bile molecular biology 
and biochemistry have extended the views of  intricate 
bile production and excretion processes and the mecha-
nisms responsible for formation of  GS and their struc-
ture. This could expand indications for medical treatment 
in patients with GD. Therefore, surgical and medical 
treatments for cholelithiasis are equally used today. The 
basic treatments for GD are: (1) cavitary cholecystectomy 
endoscopic cholecystectomy; (2) litholytic therapy (LT); 
(3) extracorporeal shock wave lithotripsy (ESWL); (4) ex-
tracorporeal shock wave lithotripsy + Litholytic therapy; 
and (5) percutaneous transhepatic LT.

The final choice of  treatment policy must be eventu-
ally determined by a joint decision between a therapist, 
surgeon and patient. This paper will outline the basic 
principles of  medical therapy for cholelithiasis.

The second half  of  the last century was marked by 
the emergence of  new medical treatments for GD: litho-
lytic therapy (stone dissolution) and lithotripsy (stone 
shattering). About 30% of  patients with gallbladder 
stones may undergo litholytic therapy[22]. GS dissolution 
is based on the pathophysiology of  cholepoiesis and 
choleresis in cholelithiasis and is carried out with bile 
acids. Scientists established experimentally that the ratio 
between the concentration of  bile acids leads to a redis-
tribution of  phases in a triangular coordinate system[114] 
(Fig������� ure 5).

This principle underlies the dissolution of  GS by us-
ing bile acids drugs. For this, litholytic drugs containing 
chenodeoxycholic or ursodeoxycholic acid (UDCA) are 
used. Preference is given to UDCA-containing agents. 
They are more effective and have virtually no side ef-
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fects[48].���������������������������������������������        ��������������������������������������������      With administration of  the agents, there is 
elimination of  bile acid deficiency, inhibition of  hepatic 
synthesis of  cholesterol and its secretion into the bile, as 
well as intestinal absorption, ultimately resulting in a de-
creased bile cholesterol level and stone dissolution. 

In health, the proportion of  UDCA is not greater 
than 5% in the total bile acid pool, whereas it is more 
than 60% of  all bile acids after three months or more of  
administration of  oral UDCA-containing preparations[131]. 
The increased total pool of  bile acids at the expense of  
polar UDCA causes a reduction in bile cholesterol satu-
ration and promotes a gradual cholesterol solubilization 
from the gallstones.��������������������������������      �������������������������������    The administration of  UDCA out-
side the intestine through the feedback system suppresses 
the biosynthesis of  cholesterol, which also lowers the bile 
cholesterol saturation index. Reductions in cholesterol 
and potentially toxic primary acids in the total pool are 
followed by decreased cholesterol levels in the hepato-
cytic membranes[89]. This normalizes performance of  the 
carriers of  bile acids and phospholipids on the canalicular 
and basolateral membranes of  the hepatocytes, which 
elevates the amount of  bile acids and phospholipids in 
the canalicular bile and also decreases the bile cholesterol 
saturation index[132]. In vitro studies have demonstrated 
that UDCA reduces the levels of  cholesterol and the in-
tensity of  lipid peroxidation in the myocyte cytoplasmic 
membrane of  the gallbladder and diminishes its mucin 
secretion[133]. Even short-term treatment with UDCA 
preparations corrects impaired gallbladder motility, thus 
showing their choleretic activity[134,135].� 

For successful litholytic therapy, definite criteria 
should be met for selection of  patients with cholelithia-
sis:�������������������������������������������������������           (1) ��������������������������������������������������        the stone should be cholesterol or mixed;���������   (2) ����the 
size of  the stones should not be greater than 1.5 cm;�����  and 
(3) �������������������������������������������������������       the gallbladder should fully preserve its function and 
be packed with stone not more than ¼ of  the fasting 
volume;���������������������������������������������         ��������������������������������������������       the cystic duct and common bile duct should 
preserve their patency;�����������������������������������     ����������������������������������   enterohepatic circulation of  bile 
acids should be preserved.

The dose of  a drug depends on body weight. The 

daily dose of  bile acids should be increased in obese 
patients[22]. For the highest therapeutic effect, the drug 
should be taken in a single daily dose overnight, for its 
highest concentration in the gallbladder at a relative 
functional rest and during the maximum cholesterol syn-
thesis[48]. Rarely, with the use of  the drug there may be 
diarrhea. In these cases, 1/3 of  the daily dose should be 
taken in the morning and the rest in the evening.

The efficiency of  litholytic therapy is shown to de-
pend largely on its use at the early stages of  GD when 
compact stones have not been formed yet. Drug therapy 
is performed long-term (from 6 mo to 2 years or more), 
necessarily with ultrasound guidance and biochemical 
blood tests carried out every three months during thera-
py. When the stones are reduced in size, it is advisable to 
continue the therapy for 3-6 mo until they are completely 
dissolved. If  there is no reduction in the sizes of  gall-
stones within 12 mo of  the initiation of  litholytic therapy, 
the latter should be stopped[48]. Low-cholesterol diet and 
dietary intake of  bran are indicated during and after the 
therapy[48]. Ursotherapy is not a contraindication in the 
treatment of  pregnant women with GD[22]. 

When selecting the patients correctly, the efficiency 
of  litholytic therapy with UDCA is as high as 60%-90%:� 
(1) �������������������    ����������� �������������������������  in the presence of  “floating” cholesterol small stone, 
it is up to 90%�����������������������������������      �� ����� ; (2) �����������������������������    �� ����� with single mixed gallstones < 1 cm 
in diameter, it is up to 75%������������������������������     ; and (3) ��������������������  with multiple mixed 
gallstones with the maximum diameter of  < 1 cm, it is up 
to 60%.

The result of  therapy depends on the size of  a stone; 
cholesterol stones less than 5 mm are best dissolved irre-
spective of  the risk factors predisposing to the disease[136]. 
Single stones are dissolved less well than multiple ones 
(the latter have a more optimal ratio of  the surface of  
stones to the volume of  the gallbladder containing bile 
acid preparations). The highest effect is noted in young 
patients. Successful therapy proves to be more frequent 
when GD is detected early and much rarer when there is 
a long history of  the disease due to stone calcification. 
When gallbladder contractility is preserved, successful 
therapy is predicted to be much more optimistic[22]. 

Unfortunately, GS may again form after their suc-
cessful dissolution. After successful oral LT, recurrent 
stones are annually about 10% during 5 years, more fre-
quently during the first 2 years, and then their frequency 
decreases. The risk for recurrence is less in patients with 
a primary single stone than in those who have been ear-
lier found to have multiple stones. For the prevention of  
stone recurrences, it is necessary to continue small-dose 
UDCA therapy, which results in a significant reduction in 
the bile lithogenicity index and prevents recurrent stone 
formation[48].

Contact litholysis
Contact litholysis is a variant of  litholytic therapy. If  
contact litholysis is used, a substance that dissolves cho-
lesterol stones is injected just into the gallbladder or bile 
ducts. Only cholesterol stones are prone to dissolution; 
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Figure 5  The phase state of the main bile components (cholesterol, 
phosphatidylcholines, bile acids) in the triangular coordinate system[114].� 
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their size and number are of  no fundamental importance. 
Methyltretbutyl ether and propionic ether are used to dis-
solve stones in the gallbladder and bile ducts, respectively. 
Dissolution occurs within 4-16 h. The multicenter study 
covering 803 patients in 21 European medical centers 
has shown the high efficiency of  contact litholysis. Punc-
ture was successful in 761 (94.8%) patients and stones 
were dissolved in 95.1% of  cases. After litholysis, biliary 
sludge remained in the gallbladder in 43.1% patients. 
The technique may be successfully used to dissolve frag-
ments remaining after ESWL[22]. This procedure can be 
the method of  choice in treating GD patients at high 
intraoperative risk. It may be employed both in patients 
with significant clinical manifestations and biliary colic 
episodes and those with asymptomatic GD.

From the physiological and molecular biochemical 
bases of  the structural and functional state of  the major 
components of  bile, it is clear that, besides bile acids, 
phospholipids can solubilize cholesterol. The solubilizing 
properties of  phosphatidylcholines (lecithins) are shown 
to be largely due to the fatty acid that is in the second 
position of  a phospholipid molecule. This has given an 
impetus to design novel agents for dissolution of  choles-
terol gallstones containing conjugates of  bile acids and 
fatty acids with a chain length of  14 to 22 carbon atoms 
linked by an amide bond[119,137]. The amide bond prevents 
the compound from splitting in the intestine. The first 
laboratory studies have demonstrated that the conjugates 
of  bile acids and fatty acids do show a cholesterol-solu-
bilizing effect[119]. The conjugates of  bile acids with ara-
chidonic acid, arachidyl-amino-cholanoid, have the best 
solubilizing effect. It has been indicated in vitro and in vivo 
(in mice) that these compounds are able to prevent the 
formation of  cholesterol crystals and to dissolve them in 
animals on a lithogenic diet[119,137].

ESWL has substantially extended the capabilities 
of  medical treatment in patients with GD and could 
achieve a positive effect in those with gallstones up to 3 
cm in diameter. The technique is based on shock wave 
generation. Pressure that is 1000 times greater than the 
atmospheric one is achieved in the focus within 30 nsec. 
Because soft tissues absorb little energy, its bulk falls on a 
stone, causing its destruction. The technique is used as a 
preparatory stage for further oral litholytic therapy. There 
are strict indications for this type of  therapy.

Criteria for selection of  patients for lithotripsy are as 
follows:����������������������������������������������������        (1) �����������������������������������������������     single radiolucent cholesterol stones not more 
than 3 cm in diameter;��������������������������������������      (2) ���������������������������������   multiple radiolucent stones (not 
more than 3) 1���������������������������������������       -��������������������������������������       1.5 cm in diameter; ������������������   (3) ��������������  the volume of  
stones is < 1/2 of  that of  the gallbladder;����������������    (4) ����������� a function-
ing gallbladder;������������������������������������������        (5) �������������������������������������     normal�������������������������������      ������������������������������    bile��������������������������     �������������������������   duct���������������������    ��������������������  patency�������������  ;������������   (6) �������contra-
indications to ESWL�; (7) �����������������������������   the presence of  coagulopathy 
or anticoagulant therapy; ���������������������������������     and (8) �������������������������   the presence of  cavitary 
mass along the course of  a shock wave.���������������  ��������������Approximately 
20% of  patients with GD meet the criteria for ESWL. 

Stone shattering into small fragments occurs after 1-3 
sessions. When patients are correctly selected for ESWL, 
stones fragmentation can be achieved in 90%-95% of  

cases. Lithotripsy is considered successful if  stones less 
than 5 mm in diameter can be fragmented. ESWL yields 
good results when minor (<�������������������������������       ������������������������������     20 mm) single stones are shat-
tered. There are a low percentage of  positive results if  
large dense and multiple stones are available. After litho-
tripsy, stone fragments are mainly excreted independently. 
Shock wave lithotripsy is generally used in combination 
with litholytic therapy that should be continued within six 
months after the last session of  lithotripsy. The adverse 
reactions of  lithotripsy are rare if  indications are correctly 
chosen and the procedure is strictly followed. The most 
common reactions are biliary colic and, occasionally, mi-
nor signs of  cholecystitis, hyperaminotransferasemia[22]. 
Biliary colic is eliminated by the use of  spasmolytics and 
analgesics. Shattering of  large gallstones by a few sessions 
in combination with litholytic therapy prevents the devel-
opment of  obstructive jaundice after lithotripsy.

High recurrence rates in the late period following lith-
otripsy are the most essential limitation to apply this tech-
nique[138]. ESWL has also shown to be effective in 90% 
of  the common bile duct stones refractory to endoscopic 
treatment[139]; however, a recurrence is observed in 14.5% 
of  patients within 10 years[140]. There are data on the rela-
tive safety and efficiency of  ESWL in patients with incor-
porated biliary tract stones and a high surgical risk[141,142].

Potential GD-preventing drugs
Among the GD-preventing drugs, ezetimibe is notewor-
thy[143]. This agent prevents the formation of  cholesterol 
stones in mice by reducing cholesterol absorption (by 
35% in the animals on a lithogenic diet and by 90% in the 
controls) and bile cholesterol saturation index (by 60% 
on a lithogenic diet), intensifying bile flow, and enhanc-
ing the secretion of  bile salts (by 60%), phospholipids 
(by 44%) and glutathione (by 100%), which is associated 
with the slightly increased expression of  bile acid carriers. 
According to the preliminary data, the major effect of  
ezetimibe in man is to lower cholesterol absorption[144]. 
The drug is also effective in resorbing cholesterol stones 
by producing excess unsaturated micelles. Moreover, it 
increases the time of  cholesterol crystallization in pa-
tients[145].

The long-term use of  magnesium preparations has 
been demonstrated to prevent the occurrence of  clinical 
forms of  GD. Magnesium deficiency may cause dyslipid-
emia and insulin hypersecretion[146,147]. 

There is evidence for the administration of  melatonin 
for the prevention of  GD. Melatonin is considered to 
lower bile cholesterol by reducing the rate of  its absorp-
tion by the intestinal epithelium and by increasing the rate 
of  its conversion to bile acids[148]. Of  great importance in 
the prevention of  recurrent gallstones are the following 
factors: �����������������������   (1) �������������������  to avoid inactivity[24,48]. Patients with GD are 
recommended to exercise (graduated walking of  at least 
1 km daily; daily exercises associated with the tension of  
prelum abdominal and the elevation of  intraabdominal 
pressure);�����������������������������������������������         (2) ������������������������������������������      to keep a dietary pattern (frequent, frac-
tional) and low-cholesterol diet;������������������������     (3) �������������������  to eliminate being 
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overweight;�����������������������������������������������        (4) ������������������������������������������     to avoid long-term starvation periods and 
intake of  cholesterol synthesis-increasing drugs[22];���������   and (5) 
to have gallbladder ultrasonography at least once a year.

CONCLUSION
In conclusion, the achievement in the study of  the physi-
ology of  bile formation and the pathogenesis of  gallstone 
disease has allowed expanding indications for therapeutic 
treatment of  GD and reducing the number of  patients 
who undergo surgical treatment. It should be noted that 
notable advances have been made in studying the mecha-
nisms responsible for the formation of  GS, which could 
extend the capabilities of  their dissolution and shattering 
conservatively. Because GD is a multifactorial disease, its 
treatment remains symptomatic. Because the etiology and 
pathogenesis of  GD is still not well defined and strate-
gies for prevention and efficient non-surgical therapies 
are missing, further studies are required[1]. This makes in-
vestigators continue so that researchers have new data to 
allow progress in the treatment of  cholelithiasis. From a 
public health standpoint, it is not only important to study 
the background prevalence of  gallstone disease regionally, 
but also to explore the demographic and biological mark-
ers related to the development of  gallstone disease. If  we 
can predict which factors contribute to the development 
of  GD, we can prevent it by controlling these factors.
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Abstract
AIM: To present a dedicated series of transjugular in-
trahepatic porto-systemic shunts (TIPS) in the elderly 
since data is sparse on this population group.

METHODS: A retrospective review was performed of 
patients at least 65 years of age who underwent TIPS 
at our institutions between 1997 and 2010. Twenty-
five patients were referred for TIPS. We deemed that 
2 patients were not considered appropriate candidates 
due to their markedly advanced liver disease. Of the 
23 patients suitable for TIPS, the indications for TIPS 
placement was portal hypertension complicated by 

refractory ascites alone (n  �� ������������������������  =�������������������������    ������������������������  9), hepatic hydrothorax 
alone (n  = 2), refractory ascites and hydrothorax (n  ��=� 
1), gastrointestinal bleeding alone (n  �� ���������������� = 8), gastrointes-
tinal bleeding and ascites (n  �� ���=����  ���3).

RESULTS: Of these 23 attempted TIPS procedure 
patients, 21 patients had technically successful TIPS 
procedures. A total of 29 out of 32 TIPS procedures 
including revisions were successful in 21 patients with 
a mean age of 72.1 ����������������  �����������������  years ���������� �����������������  (range 65-82 years). Three 
of the procedures were unsuccessful attempts at TIPS 
and 8 procedures were successful revisions of our 
existing TIPS. Sixteen of 21 patients who underwent 
successful TIPS (excluding 5 patients lost to follow-up) 
were followed for a mean of 14.7 mo. Ascites and/or 
hydrothorax was controlled following technically suc-
cessful procedures in 12 of 13 patients. Bleeding was 
controlled following technically successful procedures 
in 10 out of 11 patients.

CONCLUSION: We have demonstrated that TIPS is an 
effective procedure to control refractory complications 
of portal hypertension in elderly patients. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Transjugular intrahepatic porto-systemic shunt (TIPS) is 
a proven therapy for the treatment of  complications of  
portal hypertension in adults with cirrhosis. However, 
there is limited data on the use of  this modality in the el-
derly.

Cirrhosisis the 10th leading cause of  death in the 
United States[1]. Variceal bleeding is the most dreaded 
complication of  chronic liver disease with a 30 d mortal-
ity of  20%. Standard therapies including endoscopic vari-
ceal sclerotherapy/ligation/banding and pharmacological 
management have proved useful in controlling bleeding 
for up to 90% of  patients. Ascites is the most common 
of  the major complications of  cirrhosis. Medical treat-
ment for symptomatic ascites includes sodium restric-
tion, diuretics and/or paracentesis. Definitive long term 
treatment of  refractory ascites and or variceal bleeding 
involves usually either liver transplantation or use of  a 
portosystemic shunt. TIPS is a relatively new technique 
whereby a portosystemic shunt is created entirely within 
the liver. TIPS has been performed primarily in young to 
middle aged adults and to a lesser extent in children. The 
experience of  TIPS in the elderly has been limited to a 
case report[2]. Consequently, the technical and physiologi-
cal limitations as well as the clinical results are not well 
described. Although the methods used to perform TIPS 
in the elderly is similar to that in younger adults, special 
consideration in the elderly include the presence of  co-
morbidities leading to reduced overall life expectancy. In 
addition, a lesser potential for hepatocellular regeneration 
seems to exist in the elderly, which may ironically lead 
to longer shunt patency[3]. In this article we report the 
results of  TIPS placement in a group of  elderly patients 
with severe portal hypertension, not responsive to medi-
cal management.

MATERIALS AND METHODS
All patients were referred to our institutions and were 
deemed appropriate candidates for TIPS due to a sig-
nificant complication of  portal hypertension, including 
refractory ascites, hydrothorax and/or, bleeding not 
responsive to medical management. Relative contraindi-
cations included severe pulmonary hypertension or lim-
ited cardiopulmonary reserve. Between 1997 and 2010, 
a total of  25 patients were greater than 65 years of  age 
were referred for a possible TIPS procedure of  which 
23 were deemed suitable for TIPS. In these patients, the 
indication for TIPS was refractory ascites alone (n = 9), 
hepatic hydrothorax alone (n = 2), refractory ascites and 
hydrothorax (n = 1), gastrointestinal bleeding alone (n = 
8), gastrointestinal bleeding and ascites (n = 3). Model for 
end-stage liver disease (MELD) score was calculated for 
each patient[4]. MELD score is calculated by the United 
Network for Organ Sharing modification of  the original 

formula: MELD score = 9.6 �� ���×����  loge (creatinine mg/dL) + 
3.8 �� ���×����  loge (bilirubin mg/dL) + 11.2 �� ���×����  loge (INR) + 6.4. 
Meld and Child Pugh score for each individual patient are 
shown in Table 1. Technical details are shown in Table 2. 
Comorbidities are shown in Table 3.

TIPS placement technique
Anesthesiology consultation was utilized to provide seda-
tion. We started the procedure with catheterization of  
the hepatic vein with a balloon occlusion catheter. The 
hepatic vein was then occluded with the balloon and 
carbon dioxide was injected into the hepatic vein. As the 
carbon dioxide preferentially opacified the portal vein, 
the portal vein was able to be targeted. In four patients a 
computerized tomography guided percutaneous metallic 
marker was inserted just anterior to the right portal vein 
to assist targeting. A curved cannula was advanced over 
a guidewire from the right internal jugular vein into a he-
patic vein. A sheathed needle was then advanced through 
the liver parenchyma into the right branch of  the portal 
vein. The resultant portal vein tract was then dilated and 
catheterized. The shunt tract was dilated with an angio-
plasty balloon ranging from 8 mm to 10 mm, and a self-
expanding metallic stent with a maximal diameter of  10 
mm to 12 mm vs a covered stent with a maximal diameter 
of  10 mm was utilized. A self  expanding metallic stent, 
WALLSTENT (Boston Scientific Natick, MA) or cov-
ered stent VIATORR (WL Gore and Associates, Elkton, 
MD) was deployed across the tract to support the shunt 
channel. Four patients underwent CT localization of  the 
portal vein using a technique developed by Fontaine et al[5]. 
(Patients No. 6, No. 7, No. 8, No. 23). Due to advances 
in technology the last 17 patients received covered stents 
(VIATORR). Finally, portal venography and pressure 
measurements were performed to assess the extent of  
portal decompression. 

Follow-up assessments were performed by examina-
tion by the gastroenterologist in addition to ultrasonog-
raphy. Ultrasonography was routinely performed, after 
TIPS placement, at 3 mo, and then at 6 mo intervals fol-
lowing TIPS placement (when patients were compliant). 
Ultrasonographic evaluation included assessment of  pa-
tency, measurement of  maximum peak systolic velocity, 
direction of  flow in the vein, and the presence of  ascites/
hydrothorax. Transjugular portal venography followed by 
shunt revision was performed in patients with recurrent 
symptoms or when ultrasonography demonstrated shunt 
dysfunction. 

RESULTS
Technical results
A total of  29 out of  32 TIPS procedures including revi-
sions were successful in 21 patients with a mean age of  
72.1 (range 65-82) years old. Three of  the procedures 
were unsuccessful attempts at TIPS and 8 procedures 
were successful revisions of  our existing TIPS. Sixteen 
of  21 patients who underwent successful TIPS (exclud-
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Table 1  Patient characteristics and clinical results

Patient Sex, age 
(yr)

Underlying 
condition

Indication for TIPS Previous treatment Child 
pugh 
score

MELD 
score

Survival post shunt Complications and 
follow-up

1 F (76) Hepatitis B Hydrothorax, 
refractory ascites

Numerous thoracenteses, 
furosemide

B (9) 9 25 mo, expired transient encephalopathy 
(grade 1 to 2) 1 episode 
< 30 d, 6 episodes over 
24 mo, pulm, edema x 1

2 M (78) Celiac sprue Refractory ascites Numerous paracenteses, 
spironolactone

C (10) 7 41 mo, expired Encephalopathy 
(grade 1 to 2) > 30 d 
6 episodes over 40 mo

3 M (71) Cryptogenic 
cirrhosis

Refractory ascites Numerous paracenteses, 
spironolactone

B (8) 16 8 mo, expired None

4 F (80) Cryptogenic 
cirrhosis

Hepatic 
hydrothorax

Numerous thoracenteses, 
spironolactone

C (11) 11 3.5 mo, expired Encephalopathy transient 
grade 1 (2 episodes at 
30 d and 3 mo)

5 M (69) Sclerosing 
cholangitis

Refractory ascites Numerous paracenteses, 
spironolactone

C (12) 17 3 mo, expired post 
attempted shunt

None

6 M (65) Alcoholic 
cirrhosis

Hepatic 
hydrothorax

Numerous thoracenteses, 
spironolactone, lasix

B (9) 15 19 mo liver transplant, 
still alive

Encephalopathy transient 
grade 1 (1 episode > 30 d 
and < 3 mo)

7 M (71) Alcoholic 
cirrhosis

Refractory ascites Numerous paracenteses, 
spironolactone, lasix

C (10) 13 3 mo, expired Encephalopathy transient 
grade 1 (3 episodes > 30 d)

8 F (70) Hepatitis C Refractory ascites, 
skin breakdown

Numerous paracenteses, 
spironolactone, lasix

B (8) 9 2nd TIPS placed at 
21 mo due to occlusion 
of 1st TIPS expired 
47 mo post initial TIPS 

None

9 F (66) Hepatitis C Acute bleeding B (7) 9 Lost to fu pt in Spain None
10 F (72) Cryptogenic Acute bleeding, 

refractory ascites
Paracentesis, propanolol, 
lactulose, protonix

B (9) 12 10 mo lost to fu None

11 F (72) Hepatitis C Acute bleeding Sclerotherapy, spleno-
renal shunt × 2, numerous 
paracentesis, lasix, 
spironolactone

B (8) 9 Liver transplant 
18 mo after TIPS, 
still alive

None

12 F (67) Hepatitis B 
portal vein 
thrombois

Acute bleeding Octreotide, protonix C (10) 10 Liver transplant 
16 mo after TIPS, 
still alive

None

13 M (74) Hepatitis C (end 
stage liver disease)

Refractory ascites Aldactone, lasix, lactulose, 
protonix

B (8) 15 2 wk, expired Transient encephalopathy 
grade 1 (< 2 wk)

14 F (68) Hepatitis C Acute bleeding Midodrine B (7) 24 2 mo, expired Recurrent GI bleed 3 wk 
required revision

15 M (69) Cryptogenic Acute bleeding 4 unsuccessful banding, 
lasix, spironolactone, 
lactulose, paracentesis

C (10) 21 Revision required 
48 h after liver 
transplant 11 mo after 
revision, still alive

Continued bleed after 1st 
TIPS, stopped after 
revision

16 F (73) NASH cirrhosis Acute bleeding Octreotide, protonix, 
spironolactone, lasix

B (9) 11 25 mo, still alive Minimal ascites

17 M (71) Cryptogenic Acute bleeding Band ligation-not 
successful

B (8) 16 Lost to fu None

18 M (82) Cryptogenic Refractory ascites, 
acute bleeding

Numerous paracentesis, 
lasix, amiloride

B (9) 16 2 wk expired 
(AV block-
DNR/DNI )

None

19 M (73) Hepatitis C Refractory ascites Numerous paracenteses, 
Spironolactone, lasix 
s/p kidney and liver tx

B (9) 14 1 mo lost to fu None

20 F (78) Hepatitis C Acute bleeding, 
refractory ascites

B (8) 18 5 d, expired Post-procedural bleeding, 
encephalopathy (< 30 d), 
ascites

21 M (71) Cirrhosis Acute bleeding B (8) 11 Status unknown, 
discharged to 
rehabilitation hospital

None

22 M (66) Alcoholic 
cirrhosis, s/p 
liver transplant, 
portal vein 
thrombosis

Refractory ascites Lasix B (9) 8 Unknown Failed attempted TIPS

23 M (76) Alcoholic 
cirrhosis

Refractory ascites Numerous paracenteses 
(once a week)

B(8) 12 15 mo, still alive None
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ing 5 patients lost to follow-up) were followed for a mean 
of  14.7 mo. Ascites and/or hydrothorax was controlled 
following technically successful procedures in 12 out of  
13 patients. Bleeding was controlled following techni-
cally successful procedures in 10 out of  11 patients. Two 
patients in whom TIPS could not be placed had portal 
vein thrombosis; thus, the portal vein could not be suc-
cessfully catheterized. Only 4 patients were candidates 
for orthotopic liver transplantation. The mean duration 
of  the procedures was 101 min (range 15-235 min). The 
created shunt size was 8-10 mm in diameter in all pa-
tients. Four patients received WALLSTENT bare metal 
stents, 17 patients received the VIATORR covered stents 
(Tables 1 and 2). 

Clinical results
Complications: All complications were clinical compli-
cations. There were no technical complications. Within 
30 d after TIPS placement, 4 patients (Patient No. 1, No. 4, 
No. 13 and No. 20) experienced mild transient grade Ⅰ-
Ⅱ encephalopathy. In 3 out of  4 of  these patients, this 
was controlled with medical therapy. One (patient No. 
20) out of  this 4 died due to failure to cure within 5 d 
as a result of  continued gastrointestinal bleeding. One 

patient experienced pulmonary edema, which was readily 
controlled with diuretics. Early death (< 3 mo) occurred 
in 2 patients at 2 wk and 1 patient at 2 mo following 
TIPS for an early death rate of  14% (3 of  21). Of  these 
early deaths the average MELD score was 18.3. This is 
compared to 12.0 for the average MELD score of  the 
rest of  the patients who underwent successful TIPS. 
Technical issues corrected by successful revisions (also 
not considered complications) of  TIPS within 30 d in-
cluded 2 patients (Patient No. 14, No. 15) for continued 
gastrointestinal bleeding and 2 for recurrent ascites (Pa-
tient No. 2, No. 19). Failure to cure (inability to durably 
control bleeding), which is not considered a complication 
occurred in 1 patient [1 of  11 (9%)] who died (Patient 
No. 20 at 5 d). 

Follow-up
Of  the 21 patients who underwent successful TIPS 
placement, 10 were followed until their death and 6 
patients are still alive for an overall mean follow-up of   
14.7 mo. In addition, 3 patients were lost to follow-
up immediately after the procedure, whereas 1 patient 
was lost to follow-up at 1 mo and 1 patient was lost to 
follow-up at 10 mo.
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Table 2  Technical details and results

Patient Procedure time 
(min)

Success No. of 
stents

Stent type 
(mm)

Balloon size 
(mm)

Portosystemic 
gradient (mmHg)

Revision dates

1 195 No N/A N/A N/A N/A
1 150 Yes 2 10 × 68 10 6-9 
2 160 Yes 2 10 × 68   8   8 
Revision 2 165 Yes 1 12 × 90 10   5 Revision 3 wk
Revision 2 105 Yes 1 12 × 90 10 10-12 Revision 8 mo
Revision 2   90 Yes 1 12 × 90 10 6-8 Revision 32 mo
3 140 Yes 1 12 × 90 10 3-4 
4   65 Yes 1 10 × 94   8 3-5 
5 127 No N/A N/A N/A N/A
6 165 Yes 1  10 × 601   8 12 
7 235 Yes 1  10 × 701   8 13 
8 135 Yes 2    8 × 601   8 12
Revision 8 120 Yes 2  8 × 61   8 10 New Parallel TIPS 21 mo
9   15 Yes 1    8 × 701   8   5
10 Unavailable Yes 1  10 × 801 10   7
Revision 10   50 Yes 1 Unavailable Unavailable Unavailable Revision 10 mo
11   50 Yes 2  10 × 801 10 10
12   70 Yes 1  10 × 801 10   4
13 150 Yes 1  10 × 801 10   3
14   35 Yes 1  10 × 601 10   6  
Revision 14 Unavailable Yes 1 Unavailable Unavailable Unavailable Revision 3 wk
15   35 Yes 1  10 × 701 10 13
Revision 15   18 Yes 1 Unavailable Unavailable Unavailable Revision 48 h
16   55 Yes 1  10 × 801 10   2
17   65 Yes 1  10 × 801 10   8
18   30 Yes 1  10 × 801 10   4
19   85 Yes 2  10 × 601 10   4
Revision 19 Unavailable Yes 1  12 × 601 10 Unavailable Unavailable
20 Unavailable Yes 1  10 × 801   8   4
21 Unavailable Yes 1    8 × 801   8   2
22 Unavailable No N/A N/A N/A N/A
23 135 Yes 1  10 × 701   8   8

1Denotes Viatorr (W.L Gore, Elkton, MD) covered stent use.

Syed MI et al . TIPS in the elderly



39 February 27, 2012|Volume 4|Issue 2|WJH|www.wjgnet.com

Ascites, hepatic hydrothorax, and/or bleeding was 
controlled in 20 of  21 (95%) patients who underwent 
successful TIPS. Fifteen out of  21 patients maintained 
shunt integrity with no need for shunt revision. Patient 
No. 2 required repeat shunt revision for restenosis at 8 
and 32 mo. All revisions in this patient were done with an 
uncovered stent since covered stents were not yet avail-
able. One patient (Patient No. 10) required a revision at 
10 mo due to restenosis from a bile duct puncture. This 
was corrected with a covered stent. Patient No. 8 devel-
oped recurrent ascites at 20 mo due to an occluded shunt 
and therefore underwent a parallel TIPS creation with 
resolution of  ascites. Patient No. 14 and 15 underwent 
successful shunt revision at 3 wk and 48 h respectively 
due to recurrent bleeding for patient No. 14 and persis-
tent bleeding for patient No. 15. Patient No. 19 required 
shunt revision at 3 wk for recurrent ascites. One patient 
(No. 3) who developed recurrent ascites 5 mo post pro-
cedure was successfully treated using diuretic therapy 
without paracentesis. This patient’s TIPS was patent. The 
patient (No. 5) in whom a shunt could not be placed due 
to chronic portal vein thrombosis developed renal and 
hepatic failure 6 wk post attempt and died 3 mo post at-
tempted procedure. 

Two patients (No. 1 and No. 2) developed chronic 
gastrointestinal bleeding later on in the course of  their 
illness. Both of  these patients had successful TIPS which 
were demonstrated to be patent on long-term follow up. 
Patient No. 1 had gastric vascular ectasias (watermelon 
stomach) and colonic angiodysplasia without variceal 
hemorrhage. This patient did have a total of  six (3-5 d) 
admissions for grade Ⅱ encephalopathy. Patient No. 2 

was diagnosed with nonvariceal gastric bleeding. A total 
of  16 hospital admissions (between 3-5 d admissions) 
from 10/98 to 06/01 occurred. Of  those admissions, 6 
were secondary to grade Ⅱ encephalopathy, 2 were sec-
ondary to concurrent grade Ⅱ encephalopathy and ane-
mia, and 4 were secondary to anemia alone. 

Five patients (Patient No. 1, No. 2, No. 4, No. 6 and 
No. 7) experienced an episode of  grade Ⅰ to Ⅱ encepha-
lopathy beyond 30 d post procedure which required ad-
mission. All patients responded to oral lactulose therapy. 
The rest of  the patients did not experience encephalopa-
thy beyond 30 d. 

Patient No. 4, No. 11, No. 12 and No. 15 received 
liver transplantation at 19, 18, 16, and 11 mo respectively. 
These patients continued to remain alive. Of  patients 
who underwent successful TIPS who did not undergo 
liver transplant, average follow up was 14.7 mo. This in-
cludes patients who are either dead or currently alive and 
excludes the 5 patients who were lost to follow-up.

DISCUSSION
TIPS is an accepted treatment of  portal hypertension 
related complications which are not amenable to medical 
management[6]. TIPS has been successful in the young 
and middle aged adult population, as well as even the pe-
diatric population[7]. Published literature regarding TIPS 
and the elderly population is scarce. Our report suggests 
that TIPS may be performed safely and successfully in 
the elderly population.

Because liver transplantation is often not an option 
for elderly patients, TIPS can provide palliative relief  in 

Table 3  Comorbidites

Patient

1 Hypothyroidism, diabetes mellitus, hypertension, chronic GI bleed, hypoxemia on home oxygen
2 Celiac sprue, recurrent chronic bleeding from esophageal varices
3 Congestive heart failure, s/p CABG, s/p mitral valve replacement, chronic atrial fibrillation, hypertension
4 Aortic stenosis
5 Noninsulin dependent diabetes mellitus, chronic renal failure, cholecystectomy, bilateral hernia repair 
6 None
7 None
8 None
9 None
10 Status post lumpectomy, diabetes type 2, basal cell carcinoma of the skin, some masculinizing tumor of the ovary for which the 

patient has had a bilateral salpingo-oopherectomy, hypertension
11 Cholecystectomy, diabetes mellitus
12 Breast cancer in 1996 status post modified radical mastectomy, history of portal vein thrombosis in 2002 secondary to tamoxifen
13 Aortic stenosis; coronary artery disease, status post 3-vessel CABG; diabetes mellitus; and bilateral lower extremity cellulitis.
14 End-stage renal, diabetes, GERD, diverticulitis
15 Hypertension
16 Coronary artery disease (CAD), hyperlipidemia, Anemia
17 Peptic ulcer disease, obstructive sleep apnea, gastroesophageal reflux disease, myeloproliferative disorder, diabetes, aortic 

stenosis, status post aortic valve replacement in 1996, coronary artery disease
18 Severe aortic stenosis, chronic renal insufficiency, BPH, sinus bradycardia with mobitz type I AV block
19 Renal failure, status post transplant, cryoglobulinemia, BPH, hypothyroidism
20 Hypothyroid, coagulopathy
21 Prostate cancer, CHF, AFib, COPD, hypertension, CVA, respiratory failure, history of MRSA and VRE
22 Spontaneous bacterial peritonitis, status post liver transplant, hypertension, diabetes, portal vein thrombosis
23 CAD, hiatal hernia
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this population who may otherwise require multiple hos-
pitalizations and/or repeated paracenteses/thoracenteses 
or endoscopic therapy. Consensus opinion suggests that 
TIPS for ascites is indicated in appropriate patients if  
the frequency of  paracentesis is greater than 3 times per 
month, the patient does not tolerate paracentesis, or if  
the paracentesis is contraindicated/ineffective[8,9]. TIPS is 
also useful for hepatic hydrothorax[9-12]. For portal hyper-
tensive bleeding, polytetrafluoroethylene (PTFE)-covered 
stent TIPS is indicated after failure of  endoscopic ther-
apy and/or medical treatment. Additionally, early use of  
TIPS is now advocated to reduce treatment failure and 
mortality[13]. 

It is imperative that appropriate evaluation is per-
formed prior to consideration of  the patient for TIPS. 
Unlike other age groups such as the pediatric and young-
er adult population, the justification of  TIPS as a “bridge 
to transplantation” does not usually exist in the elderly. 
Therefore, based on prognostic criteria TIPS should not 
be performed in elderly patients with markedly advanced 
liver disease whose survival is limited. 

The duration of  101 min was comparable to the 
TIPS procedure time reported for younger patients (60- 
120 min). There were no irreversible or catastrophic 
complications that were encountered during this small 
series. Complications in the younger adult population in-
clude shunt closure, hemorrhage, encephalopathy, portal 
vein occlusion, and liver failure. Our 30 d complications 
included 4 patients with mild reversible hepatic encepha-
lopathy and 1 case of  reversible pulmonary edema. Three 
out of  21 patients experienced early death (2 patients 
at 2 wk and one patient at 2 mo). It should be noted of  
these early death patients that the average MELD score 
was 18.3 (range 15-24) vs 12.0 in the rest of  the patients 
who underwent successful TIPS creation. Of  note the 
MELD score was calculated in retrospect in patients 1, 2, 
3, 4, and 5 as MELD scores were not in use at that time 
period. Our failure to cure includes 1 case [Patient No. 20 
(died at 5 d)] of  recurrent gastrointestinal bleeding result-
ing in death.

Follow-up after 30 d did demonstrate 5 of  our pa-
tients had transient grade Ⅰ-Ⅱ encephalopathy requiring 
3-5 d admissions. It should be noted that our patients 
presenting with ascites were more likely to develop en-
cephalopathy than our patients presenting with acute 
bleeding. In a recent large meta-analysis by Bai et al[14], it 
was noted that higher Child Pugh scores result in a higher 
rate of  encephalopathy post TIPS. The Child Pugh score 
is a reflection of  the extent of  liver disease and one of  
the major determinants of  this score is the presence of  
ascites. It is therefore inherent that patients with ascites 
have higher Child Pugh scores which correlates with 
higher risk for hepatic encephalopathy. Encephalopa-
thy is a common complication of  TIPS placement and 
has a known incidence of  54.9%. This compares to an 
incidence of  38.1% in controls undergoing large vol-
ume paracentesis[15]. Fortunately, as in our experience, 

encephalopathy is usually responsive to medical therapy. 
Pre-existing hepatic encephalopathy is a relative contra-
indication to TIPS as it may precipitate uncontrollable 
encephalopathy. One of  our patients had grade 1 pre-
existing hepatic encephalopathy. One other point of  
discussion is that the elderly may be more prone to en-
cephalopathy than younger patients. This was confirmed 
in the meta-analysis by Bai et al[14]. It is speculated this 
may be due to lower cerebral reserve in the elderly with 
a higher susceptibility to the toxic effect of  metabolites 
such as ammonia[16]. 

Two patients (Patient No. 14 and No. 15) required 
shunt revision within 3 wk due to continued gastroin-
testinal bleeding. Two patients (Patient No. 2 and No. 
19) required revision due to shunt closure that occurred 
within 3 wk with resulting recurrent ascites. Patient No. 2 
who had an������������������������������������������      �����������������������������������������    uncovered TIPS required subsequent shunt 
revision 2 additional times within the 41 mo after initial 
shunt placement. One other patient (Patient No. 10) 
had shunt restenosis at 10 mo requiring revision with a 
covered stent. Another patient (Patient No. 8) had shunt 
closure at 20 mo requiring a parallel TIPS. Shunt stenosis 
or obstruction occurs in 70% of  patients at 1 year with 
uncovered TIPS[17]. This event resulting in recurrent as-
cites or bleeding may be reduced with the placement of  
newly developed ePTFE-Covered stent grafts, as we used 
in our last 15 patients[18]. Long term patency rates have 
dramatically improved with shunt patency’s of  90%, 84%, 
and 74% at 1, 2 and 3 years respectively[19]. In fact as of  
December 2004 covered stents have been FDA approved 
for TIPS[15]. This may eventually result in a possible im-
provement in morbidity and mortality[19,20].

Patients who are in advanced stages of  cirrhosis [Child’
s class C (> 9) or MELD > 15] should also be cautiously 
approached due to the higher risk of  hepatic failure and 
potential risk of  uncontrollable encephalopathy[21]. It 
has been suggested in the literature that the use of  the 
MELD scoring system is a better predictor of  mortality 
than the older Child’s Pugh classification system[21-25]. In 
conclusion, TIPS placement can be performed success-
fully in the elderly who are deemed unsuitable for liver 
transplantation. TIPS should be performed after careful 
consideration of  alternatives and appropriate patient se-
lection. This procedure appears to offer control of  medi-
cally refractory ascites, hepatic hydrothorax, and portal 
hypertensive bleeding in the elderly population who are 
otherwise often excluded from receiving the TIPS pro-
cedure. However, there is a predisposition to hepatic 
encephalopathy, but this typically responds to medical 
therapy. The major limitation of  our study is that it is ret-
rospective over a 14-year period. Therefore, further study 
is encouraged.
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sjugular intrahepatic porto-systemic shunt (TIPS) is a relatively new technique 
that has revolutionized the treatment of complications from portal hypertension 
due to cirrhosis. This includes variceal bleeding and massive ascites refractory 
to standard medical therapy. These patients are now typically offered TIPS 
and/or liver transplantation with TIPS often being a “bridge” to transplantation. 
Unfortunately the elderly population is only rarely offered liver transplantation 
due to age criteria and higher risk. The only potential option for these patients 
is therefore TIPS. Up until now, the published experience of TIPS in the elderly 
however is quite limited. This is despite the elderly representing a growing 
population with cirrhosis and having a mortality of 50% with 1 year of diagnosis.
Research frontiers
Important areas of research in the field are identifying appropriate criteria for 
offering TIPS to patients based on model for end-stage liver disease (MELD) 
score and child-Pugh Class and for knowing which risk factors result in com-
plications such as hepatic encephalopathy. However, research in the elderly is 
limited.
Innovations and breakthroughs
A major innovation has been to risk stratify patients using MELD score. This 
has improved outcomes and reduced mortality. Another major advance has 
been the use of covered stents, which have improved patency rates. Portal vein 
localization techniques have also been helpful in improving technical success 
rates and reducing complications. In the present study we discussed and incor-
porated these advancements in the elderly population for TIPS. 
Applications
This study shows that TIPS can be safely performed in the elderly with accept-
able outcomes for palliation of complications of portal hypertension. 
Terminology
TIPS: Is the acronym for transjugular intrahepatic portosystemic shunt. This is 
an artificially created connection within the liver between the inflow of the portal 
vein and outflow of the hepatic vein.� �������������������������������������������       �������������������������������������������      It is useful in relieving complications of 
portal hypertension including (1) gastrointestinal bleeding due to varices�� ����� ���;������  ��� and (2) 
ascites/hepatic hydrothorax. It is typically performed by interventional radiolo-
gists using a percutaneous transjugular intrahepatic approach with image guid-
ance. Covered stents: A type of artificial tube which is inserted into the com-
munication between the portal vein and the hepatic vein. Previously bare metal 
stents were utilized in TIPS. Now a days covered stents are utilized which are 
lined with vascular graft material. This has resulted in significant improvement 
in patency for TIPS. MELD score: This is an acronym for model for end stage 
liver disease. It was initially developed to predict poor survival after TIPS. It was 
later found to be useful in determining the prognosis of chronic liver disease 
and in prioritizing patients needing a liver transplant. MELD score is calculated 
by the United Network for Organ Sharing modification of the original formula: 
MELD score = 9.6 × loge (creatinine mg/dL) + 3.8 × loge (bilirubin mg/dL) + 11.2 
× loge (INR) + 6.4. Child-Pugh score: sometimes called the Child-Turcotte-Pugh 
score is also used to assess the severity and prognosis of chronic liver disease 
typically cirrhosis. It has similar usefullness as the MELD score.
Peer review
The article describes the feasibility of application of TIPS in elderly cirrhotic 
people who are generally denied this kind of procedure. The message de-
serves reporting as the results, complications and follow up seem comparable 
to those reported in younger adult individuals with end stage cirrhosis. It is of 
educational value and of clinical relevance as it highlights another opportunity 
to prevent/treat some life-threatening complications of cirrhosis at an advanced 
age as well. Criteria for patient selection, the specific diseases requiring TIPS, 
the way of performing TIPS, and follow up were appropriately considered and 
described. 
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Abstract
AIM: To assess adherence rates to nucleos(t)ide ana-
logues (NUCs) therapy in patients with chronic hepatitis 
B virus infection and determine factors associated with 
adherence.

METHODS: The questionnaire study was conducted 
in the liver clinics at Concord Repatriation General 
Hospital. All patients who were currently taking one or 
more NUCs were asked to complete a structured, self-
administered 32-item questionnaire. Adherence was 
measured using visual analogue scales. The patient’s 
treating clinician was also asked to assess their patient’s 
adherence via  a structured questionnaire. 

RESULTS: A total of 80 patients completed the ques-
tionnaire. Sixty six percent of the patients (n  �� ����=� ���� ����49) 
reported optimal adherence whilst 25 (33.8%) graded 
their adherence to NUCs as suboptimal. Thirty four 
(43%) patients reported to have omitted taking their 
NUCs sometime in the past. Recent non-adherence was 
uncommon. Amongst the patients who reported skip-
ping medications, the most common reason cited was 
”forgetfulness“ (n  �� ����� �������� �����������������  =�� ���� �������� �����������������   ����� �������� �����������������  27, 56.25%). Other common rea-

sons included: ran out of medications (n  �� ��� ���������=����  ��������� ��� ���������5, 10.42%), 
being too busy (n  �� ���������������������������������       =� ���������������������������������        ���������������������������������       4, 8.33%) and due to a change in 
daily routine (n  �� ��� �������������������������������   =����  �������������������������������    ��� �������������������������������   5, 10.42%). Patients who reported 
low adherence to other prescription pills were also 
more likely to miss taking NUCs (P  = 0.04). Patients 
who were under the care of a language-discordant cli-
nician were also more likely to report suboptimal adher-
ence to NUCs (P  =���� ���� �������0.04). 

CONCLUSION: Adherence rates were much less than 
that expected by the physician and has potential ad-
verse affect on long term outcome. Communication 
and education appear central and strategies need to be 
implemented to improve ongoing adherence.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Poor adherence to therapy is a complex challenge for 
physicians treating patients with chronic diseases. In clini-
cal practice, adherence rates averages 50%, falling most 
dramatically after the first 6 mo of  treatment[1]. Adher-
ence has been extensively studied in other chronic medi-
cal conditions such as asthma, hypertension, and human 
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immunodeficiency virus (HIV)/acquired immunodefi-
ciency syndrome. However, little data is available in pa-
tients receiving oral antiviral therapy for chronic hepatitis 
B virus (CHB) infections.

Hepatitis B infection is a major global health problem 
with an estimated 2 billion people infected worldwide 
and 350 million suffering from CHB. Many individuals 
will eventually attain a non-replicative state, up to 40% 
of  the people will develop complications such as cirrho-
sis, liver failure and hepatocellular carcinoma[2,3]. Recent 
developments in antiviral therapy may prevent, reverse 
or delay disease progression and thus ultimately improve 
survival[4]. There are currently five approved nucleos(t)ide 
analogues (NUCs) for the treatment of  CHB in Australia 
including: lamivudine, entecavir monohydrate, telbivu-
dine, adefovir dipivoxil and tenofovir disoproxil fumarate. 
However, these treatments are rarely curative, with viral 
suppression and not eradication remaining the virologi-
cal goal of  therapy. As such, patients require long term, 
potentially lifelong therapy in order to derive continued 
clinical benefit[2,4]. 

Guidelines on CHB therapy emphasise the need for 
optimal adherence, with risk of  resistant viral strains 
emerging if  the virus has a drug free holiday[3]. For ex-
ample, antiviral resistance has been reported in up to 70% 
patients after 4 years on Lamivudine, 29% after 5 years 
of  Adefovir dipivoxil and 1% after 4 years of  Entecavir 
monohydrate[5-7]. The number of  dose omissions that 
may lead to this is variable but any omission poses a po-
tential risk of  viral replication breakthrough. Although, 
the data for CHB are lacking, it is evident from the HIV 
literature that near-perfect adherence (> 95% adherence 
rates) is needed to achieve a non detectable viral load and 
avoid emergence of  resistant strains[8,9]. Hence, in the 
clinical setting of  CHB therapy, the goal of  adherence 
remains 100%. 

Unlike other chronic conditions, the rapid viral rep-
lication potential and mutation rates of  hepatitis B virus 
require very high levels of  adherence to achieve and 
maintain virological suppression[10]. Suboptimal adher-
ence risks exacerbating existing liver disease, which can 
be life-threatening particularly in patients with advanced 
cirrhosis. Furthermore, it can lead to the development 
of  drug-resistant strains, limiting therapeutic options and 
additionally poses the public health risks of  transmission 
of  drug-resistant viral strains to non-immune individuals 
in the community, or to those whose previous vaccina-
tion are no longer protective[4,11]. Given the global burden 
of  the disease, widespread transmission of  drug-resistant 
strains may have serious and wide-reaching consequences. 

Adherence is fundamental in the optimal clinical 
management of  CHB patients. However, a physician’s 
assessment can often lead to over-estimation of  adher-
ence and inadequate recognition of  poor adherence[12,13]. 
There is currently no gold standard for measuring adher-
ence, but numerous strategies have been reported in the 
literature. Medication electronic monitors, pharmacy refill 
records and monitoring drug/metabolite serum or urine 

concentrations. These are costly and time-consuming; 
often making them impractical for use in routine clinical 
practice. Validated self-report tools may sometimes over-
estimate adherence but are often used because of  their 
low cost, ease of  use and adaptability to a wide range of  
clinical settings. Most importantly, self-report assessments 
have been shown to be significantly associated with clini-
cal outcomes in numerous studies[14-16].

Despite the importance of  optimal adherence to 
NUCs amongst CHB patients, current understanding and 
related literature in this area is remarkably scarce. This 
study addressed adherence rates and possible factors as-
sociated with patient adherence to NUCs.

MATERIALS AND METHODS
Research ethics
The study was approved by the Concord Repatriation 
General Hospital Research Ethics Committee. 

Participants
CHB patients on oral NUCs were recruited from liver 
clinics at Concord Repatriation General Hospital from 
May 2010 to October 2010. All patients aged 18 years or 
older taking one or more NUCs were invited to partici-
pate. All participants provided written informed consent.

Study procedures
Participants were asked to fill in a self-administered 
32-item questionnaire and administrative staff  were avail-
able to assist patients as required. Data collected included 
socio-demographic characteristics, treatment–related fac-
tors, disease-related factors and healthcare team-related 
variables (Table 1). Patients were asked to rate their over-
all adherence to taking NUCs, other prescription medica-
tions (if  applicable) and appointments on a visual ana-
logue scale, ranging from 1 to 10. Grade of  1 being poor 
adherence i.e., meant that they frequently skipped taking 
their NUCs/other prescription pills/appointments whilst 
a grade of  10 was excellent adherence where they took 
their NUCs/took their prescription pills/attended their 
appointments 100% of  the time. Optimal adherence was 
defined as self-graded adherence greater than 9, whilst 
9 or less was classed as suboptimal adherence. Patients 
with limited English skills were given assistance with the 
questionnaire by a researcher and verbal translations were 
available for Chinese speaking patients.

Clinic physicians were blinded to the patients’ ques-
tionnaire. After the clinic consultation an 8-item ques-
tionnaire was completed by the patient’s treating physi-
cian, collecting data on presence of  cirrhosis, the doctor’
s perception of  the patient’s understanding of  treatment 
requirements, a prediction of  the patient’s adherence to 
NUCs and to appointments based on the physician’s im-
pression, whether the topic of  adherence was discussed 
during the consultation and whether the patient had par-
ticipated in a clinical trial before.
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Statistical analysis
The data collected was cleaned, coded, entered and ana-
lysed using SPSS 18 for Windows (SPSS Inc., Chicago, 
IL, U�����������������������������������������������������     nited States�����������������������������������������    ). Descriptive statistics were performed 
on all available data. The statistical analysis consisted of  
bivariate analysis using χ 2 tests, assessing the associa-
tion between adherence to NUCs and various factors. 
Agreement between the treating physician’s estimate and 
patient’s self-report of  adherence was assessed by calcu-
lating a κ statistic and corresponding 95% CI. A value of  
P� <� �������������������������������������������������������          �������������������������������������������������������         0.05 in a two-tailed tests was considered to be statis-
tically significant.

RESULTS
A total of  80 patients consented and completed the ques-
tionnaires. The ages ranged from 19 to 85 years with a 
mean of  51.65 ± 13.52 years. The majority of  patients 
were male (n �� ���������������������������������     =����������������������������������       ���������������������������������     52, 65%), from Asian background (n ��=� 
75, 93.5%) and born in China (n �� �������������������  =��������������������    �������������������  28, 35.9%). Ninety 
one percent of  the patients (n �� ���������������������   =����������������������     ���������������������   72) spoke a language 
other than English at home. Over half  (n �� ����������� =������������   ����������� 46, 57.5%) 
of  the patients had completed college/university (Table 
2). 

Treatment characteristics
A majority (n �� ����������������������������������������      =�����������������������������������������        ����������������������������������������      60, 78.9%) of  the study respondents had 
been on NUCs for more than a year whilst 16 (21.1%) 
had been on therapy for less than 1 year. Prescribed 
NUCs were entecavir (n �� ������������������������   =�������������������������     ������������������������   44, 44.1%), lamivudine (n ��=� 
20, 21.5%), tenofovir (n �� ��������������������������    =���������������������������      ��������������������������    23, 24.7%), and adefovir (n ��=� 
9, 6.8%). Most patients (n �� ����������������������������     =�����������������������������       ����������������������������     61, 79.2%) were on a single 
NUC whilst 16 (20.8%) received dual therapy. Patients re-
ported being prescribed an average of  1.9 ± 1.15 pills ����per� 
day (NUCs and other prescription pills). Over a quarter (n 
= 26, 28.26%) of  the patients reported taking their NUCs 

45 February 27, 2012|Volume 4|Issue 2|WJH|www.wjgnet.com

Table 1  Patient characteristics

Socio-demographic Treatment regimen Disease condition Healthcare team 

Age Name of HBV antiviral medication Duration of HBV infection Language spoken at the 
consultation with the doctor

Sex Dose scheduling instructions Patient’s perception of their 
general health

Whether the patient understood 
their doctor

Highest level of 
education

Dietary instructions Patient’s perception of their 
disease condition

Whether they had received an 
education session by health 
professional about their 
disease condition and their 
understanding of the importance 
of medication adherence

Country of birth Length of treatment Complications experienced
Ethnicity Number of prescription pills taken per day Cirrhosis status
Language spoken 
at home

Whether patient had skipped taking their medications before

The last time they had skipped taking their medications
Reasons for failing to take their medications
Side effects
Patient’s perception of the therapeutic benefit of their medication
Type of medication packaging
Use of memory aid

Table 2  Socio-demographic characteristics of the study par-
ticipants and association with adherence to nucleos(t)ide ana-
logues (n  = 80)  n  (%)

Characteristics Patients Optimal 
adherence

P  value

Sex 0.28
   Male 52 (65) 29 (61.7)
   Female 28 (35) 20 (71.4)
Age (yr) 0.27
   18-29 6 (7.5)   2 (33.3)
   30-39   9 (11.3)   4 (50.0)
   40-49 19 (23.8) 14 (77.8)
   50-59 27 (33.8) 16 (66.7)
   ≥ 60 19 (23.8) 13 (77.2)
Country of birth 0.39
   Korea   9 (11.5)   4 (57.1)
   China 28 (35.9) 16 (59.3)
   Hong Kong 11 (14.1)   9 (81.8)
   Malaysia 6 (7.7)   3 (60.0)
   Singapore 1 (1.3)     1 (100.0)
   Vietnam 9 (11.5)   3 (37.5)
   Australia 3 (3.8)     3 (100.0)
   Indonesia 3 (3.8)     3 (100.0)
   Tonga 1 (1.3)     1 (100.0)
   India 1 (1.3)     1 (100.0)
   Fiji 1 (1.3)     1 (100.0)
   Cyprus 1 (1.3)     1 (100.0)
   Cambodia 2 (2.5)     2 (100.0)
   Taiwan 1 (1.3)   0 (0.00)
Ethnicity 0.60
   Anglo-Celt 1 (1.3)     1 (100.0)
   Middle East 1 (1.3)     1 (100.0)
   Asian 75 (93.8) 44 (63.8)
   Pacific 2 (2.5)     2 (100.0)
   Other 1 (1.3)     1 (100.0)
Highest level of education completed 0.08
   Completed high school 28 (35.4) 22 (81.5)
   Completed college/university 46 (58.2) 23 (56.1)
   Did not complete high school 2 (2.5)   3 (75.0)
   Did not complete college/
   university

1 (1.3)   0 (0.00)
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at anytime of  the day irrespective of  the dose scheduling 
instructions. Eleven patients reported side effects includ-
ing: fatigue, chills, haematuria, dizziness, stomach upsets, 
hair loss, loss�����������������������������������������������       ����������������������������������������������     of  taste, rash, nocturia, tachycardia, anorex-
ia and general sense of  being unwell. Most believed that 
their treatment plan was not difficult (n �� �������������  =��������������    �������������  76, 95%) and 
that their medications helped them (n �� ���������������  =����������������    ���������������  64, 82%). Most 
patients reported that the critical role of  compliance had 
been discussed with the doctor or liver specialist nurse at 
a previous appointment (n �� �������������������������   =��������������������������     �������������������������   73, 91.3%). Twenty seven 
(33.8%) of  the patients had participated in a clinical trial 
in the past. 

Disease characteristics
Median duration of  CHB was 11 years (1-54 years). Ten 
(12.8%) patients rated their health in the past year as 
excellent, 23 (29.5%) as very good, 32 (41%) as good, 
10 (12.8%) as fair whilst 3 (3.8%) reported their overall 
health as poor. Self  report on severity of  liver disease was 
as follows: 36 (46%) patients rated it as mild, 15 (19.2%) 
moderate, and 2 (2.6%) as severe. Twenty five patients 
(32.1%) were uncertain about the severity of  their dis-
ease. Seven (9%) reported cirrhosis, 55 (70.5%) did not 
report cirrhosis whilst 16 (20.5%) patients were uncertain 
of  whether they had cirrhosis. This contrasts to the data 
from the physician where 11 (13.8%) patients were cir-
rhotic whilst 69 (86.3%) were non-cirrhotic (Table 3).

Adherence rates and reasons for non-adherence
Optimal adherence was reported in 49 (66.2%) whilst 25 
(33.8%) graded their adherence to NUCs as suboptimal. 
This contrasts to the clinician’s assessment of  only 6 (7.6%) 
patients with suboptimal adherence. Using the patient’s 
self-report of  medication adherence as the referent, the 
weighted κ statistic describing the concordance between 
clinician estimation and patient self-report was low, κ = 
0.165 (95% CI: 0.12-0.18). Thirty four (43%) patients 
reported having skipped taking their NUCs. Recent non-
adherence was uncommon with the majority of  patients 
having skipped their NUCs over 3 mo prior (Figure 1).

Reasons cited for skipping medication were forgetful-
ness in taking the medication’ (n �� �������������������   =��������������������     �������������������   27, 56.3%) ran out 
of  medications (n �� ���������������������    =����������������������      ���������������������    5, 10.4%), too busy (n �� ������������  =�������������    ������������  4, 8.3%) or 
change in daily routine (n �� ���������������������������     =����������������������������       ���������������������������     5, 10.4%�������������������    , �����������������   Figure�����������    ����������  2). Of  pa-
tients receiving regular medication for other chronic con-
ditions, 11 (45.8%) graded their adherence as suboptimal. 

Overall attendance at medical appointments was good 
at 91.2% (n �� ���������������   =����������������     ���������������   73) with 8.8% (n �� �����������������������   =������������������������     �����������������������   7) of  patients missing 
appointments. Missed appointments were due to: trans-
portation, other commitments and inconvenient clinic 
times (Figure 3). Conversely, doctors reported that 22.5% 
(n �� ���������������������������������������������������       =����������������������������������������������������         ���������������������������������������������������       18) of  patients had suboptimal attendance to their 
appointments. Using the patient’s self-report on adher-
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Table 3  Treatment and disease related characteristics of 
the study participants and association with adherence to 
nucleos(t)ide analogues (n  = 80)  n  (%)

Characteristics Patients Optimal 
adherence 

P  
value

Patients 0.24
   Treatment duration > 1 yr   16 (21.1)   8 (53.3)
   Treatment duration < 1 yr   60 (78.9) 39 (69.9)
Adherence to other prescription pills 0.04
   Suboptimal   11 (45.8)   4 (40.0)
   Optimal   13 (54.2)   13 (100.0)
Follow dose scheduling instructions 0.44
   Yes   14 (19.4)   7 (53.8)
   No   58 (80.6) 36 (65.5)
Side effect 0.25
   Yes   11 (13.8)   6 (54.5)
   No   66 (82.5) 42 (68.9)
   Don’t know   1 (1.3)   0 (0.00)
Believe in the therapeutic benefit 
of their antiviral medications

0.29

   Yes   64 (80) 40 (67.8)
   No   2 (2.5)     2 (100.0)
   Don’t know   12 (15.0)   6 (50.0)
Patients’ perception of their health 0.32
   Excellent   10 (12.5)   8 (80.0)
   Very good   23 (28.8) 11 (52.4)
   Good   32 (40) 22 (73.3)
   Fair   10 (12.5)   6 (66.7)
   Poor   3 (3.8)   1 (33.3)
Patients’ perception of their disease condition 0.64
   Severe   2 (2.5)     2 (100.0)
   Moderate 15 (8.8) 11 (73.3)
   Mild   36 (45.0) 21 (61.8)
   Don’t know   25 (31.3)   8 (63.6)
Complications 0.48
   Yes   4 (5.1)   2 (50.0)
   No   74 (94.9) 47 (67.1)
Cirrhosis- patients’ perception 0.68
   Yes   7 (9)   5 (83.3)
   No   55 (70.5) 34 (65.4)
   Don’t know   16 (20.5) 10 (66.7)
Use of memory aids 0.25
   Yes   26 (32.5) 15 (57.7)
   No   54 (67.5) 34 (70.8)
Patient understands everything the 
doctor says during the consultation

0.31

   Yes   78 (97.5) 47 (65.3)
   No   2 (2.5)     2 (100.0)
Difference in language spoken at home 
and at consultation with doctor

0.04

   Same   42 (52.5) 30 (76.9)
   Different   38 (47.5) 19 (54.3)
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Figure 1  Last time patient skipped taking their nucleos(t)ide analogues�.
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ence to their appointments as the referent, the weighted 
κ statistic describing the agreement between clinician 
opinion and patient self-report was low, κ = 0.130 (95% 
CI: 0.10-0.16).

Factors associated with suboptimal adherence to NUCs
There was a significant association between the patient’s  
self-reported adherence to other prescription pills and 
their self-reported adherence to taking NUCs (P� = 0.039). 
Patients with poor adherence to their other prescription 
pills were more likely to skip taking their NUCs. There 
was a significant association between doctor-patient lan-
guage discordance and adherence levels (P� = 0.04). Pa-
tients who were under the care of  a language-discordant 

clinician were more likely to report suboptimal adherence 
to NUCs compared to patients who were under the care 
of  a language-concordant clinician. 

DISCUSSION
Whilst the safety, efficacy and therapeutic benefits have 
been extensively established for CHB NUCs, rates of  ad-
herence to therapy and factors that may affect it remain 
poorly studied. In this questionnaire study, patient self-
report of  adherence levels were used to determine adher-
ence levels to NUCs. Findings from this study revealed a 
disappointing 66% optimal adherence rate.

These findings are comparable to the adherence rates 
to NUCs amongst CHB patients reported by Chotiyaputta 
et al[17]’s retrospective study which evaluated adherence 
rates based on pharmacy refill records. In their study, 
55.3% of  patients had good adherence (arbitrarily de-
fined as an adherence rate >� ������ ���� �����������������  ���������������������������   90%). CHB adherence levels 
are higher than the adherence levels observed in other 
chronic medical conditions such as inflammatory bowel 
disease, asthma or hypertension. Possible explanations 
for the higher adherence rates observed in CHB patients 
include the simple dosage regimen such as an once daily 
dosing of  a single NUC that is generally well-tolerated 
with minimal side effects[18]. For many chronic conditions, 
increased complexity of  treatment regimen is associated 
with lower levels of  adherence[19]. Alternatively, it may be 
that the clinicians, most of  whom are gastroenterologists 
or hepatologists, spend more time counselling patients on 
the value of  adherence to NUCs[19]. 

Forgetfulness is the most common reason cited for 
missing their medications. It is probably a little more 
complex. “Forgetfulness” is the product of  both cogni-
tive and motivational factors. Therefore, simply address-
ing the cognitive aspect of  the problem alone, via remind-
ers, will not solve the problem. Patients with chronic 
conditions on long-term therapy often experience drug 
fatigue, lose motivation and become complacent, with 
reduced adherence over time[20]. Although, there was no 
statistical difference in adherence levels observed between 
new and existing patients in this study. It is important to 
note that CHB patients on long-term NUCs face similar 
barriers to those with chronic medical conditions as most 
will require many years, if  not, lifelong administration of  
NUCs[11]. In these patients, it is essential to consolidate 
advice and information on the benefits of  treatment. 

This study identified several factors associated with 
suboptimal adherence. Those reporting suboptimal ad-
herence to other prescription pills were more likely to 
omit NUCs, possibly partially to increased pill burden. 
This suggests that patients may have an “universal”�����  ����non-
adherent attitude to all their medications. Identifying 
at risk patients for increased education and counselling 
during consultations with clinician or structured individu-
alised or group educational sessions by other health car-
ers should be considered. 

Patients cared for by language-discordant physicians 
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Figure 2  Reasons why patients skipped taking their nucleos(t)ide ana-
logues�.
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reported more suboptimal adherence. This may be due to 
language and cultural barriers. Comprehending unfamiliar 
medical jargon may be challenging even to those who 
have no language barriers, this becoming much more 
challenging to those with limited English proficiency[21]. 
Such barriers may lead to a limited understanding of  the 
rationale for treatment and dosing instructions and com-
promise the physician-patient relationship, which inevita-
bly affects their adherence[14]. Understanding the cultural 
aspects of  health care delivery and providing appropriate 
care could also be a significant contributor to improving 
compliance and medicine adherence. 

Poor correlation between physician assessment and 
patient’s self-report of  adherence levels was noted. This 
may be due to patients less reporting non-adherence for 
fear of  disapproval from the physician[22]. Previous stud-
ies found that physicians tend to both under-estimate and 
over-estimate patient’s adherence to medications[13,23]. In 
contrast, this study showed that physicians were more 
likely to over-estimate adherence, and hence less time 
may be spent on discussing compliance.

Data collected was cross-sectional and hence, the 
factors associated with suboptimal adherence cannot be 
interpreted as predictors of  future adherence or used to 
confer causality between the factors studied and adher-
ence levels. Secondly, although, adherence was assessed 
as a dichotomous variable, it should be noted that it is 
essentially a dynamic process that is influenced by mul-
tiple factors over time. Future studies should include a 
longitudinal approach to capture the dynamic nature of  
adherence. Our sample size and population base was 
small making extrapolation to other populations difficult 
as well as limiting reporting of  statistically significant 
results. Furthermore adherence levels may vary in dif-
ferent geographical cohorts. A self-report approach may 
represent overly optimistic estimates of  adherence levels 
as self-report is often subject to over-estimation due to 
social desirability and recall bias[16]. A very strict definition 
of  optimal adherence was used and whether this is clini-
cally relevant remains to be determined. Clinical outcome 
data such viral loads and liver function test levels need to 
be studied in a longitudinal fashion to draw conclusions 
about the relationship between adherence levels and 
treatment outcomes.

This study reports poor rates of  optimal medical ad-
herence to NUCs, more than that expected. It has shown 
that patients who reported low adherence to other pre-
scription pills and those under the care of  a language-dis-
cordant physician were more likely to report suboptimal 
adherence to their antiviral treatment. Further understand-
ing the factors that impact patient adherence will assist in 
the development and subsequent implementation of  strat-
egies that may adherence.
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theories, methods, results, conclusion or facts and data of  
pertinent literature so as to validate the innovativeness, scientific 
and practical values of  their own research achievements, thus 
ensuring that their articles have novel arguments or viewpoints, 
solid evidence and correct conclusion; and (4) Maximization 
of  the benefits of  employees: It is an iron law that a first-class 
journal is unable to exist without first-class editors, and only first-
class editors can create a first-class academic journal. We insist on 
strengthening our team cultivation and construction so that every 
employee, in an open, fair and transparent environment, could 
contribute their wisdom to edit and publish high-quality articles, 
thereby realizing the maximization of  the personal benefits of  
editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

Aims and scope
The major task of  WJH is to rapidly report the most recent 
results in basic and clinical research on hepatology, specifically 
including autoimmune, cholestatic and biliary disease, cirrhosis 
and its complications, liver biology/pathobiology, liver failure, 
growth , liver failure/cirrhosis/portal hypertension, liver fibrosis, 
hepatitis B and C virus infection, hepatocellular carcinoma, biliary 
tract disease, transplantation, genetics, epidemiology, microbiology 
and inflammatory disorders, molecular and cell biology, nutrition, 
geriatric hepatology, pediatric hepatology, steatohepatitis and 
metabolic liver disease, diagnosis and screening, endoscopy, 
imaging and advanced technology.

Columns
The columns in the issues of  WJH will include: (1) Editorial: To 
introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot 
topic, (B) a commentary on common issues of  this hot topic, and 
(C) a commentary on the 10 individual articles; (4) Observation: 
To update the development of  old and new questions, highlight 
unsolved problems, and provide strategies on how to solve the 
questions; (5) Guidelines for Basic Research: To provide guidelines 
for basic research; (6) Guidelines for Clinical Practice: To provide 
guidelines for clinical diagnosis and treatment; (7) Review: To 
review systemically progress and unresolved problems in the field, 
comment on the state of  current research, and make suggestions 
for future work; (8) Original Article: To report innovative and 
original findings in hepatology; (9) Brief  Article: To briefly 
report the novel and innovative findings in hepatology; (10) Case 
Report: To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in 
WJH, or to introduce and comment on a controversial issue of  
general interest; (12) Book Reviews: To introduce and comment 
on quality monographs of  hepatology; and (13) Guidelines: To 
introduce consensuses and guidelines reached by international and 
national academic authorities worldwide on basic research and 
clinical practice in hepatology.

Name of journal
World Journal of  Hepatology

ISSN
ISSN 1948-5182 (online)

Editor-in-chief
Masatoshi Kudo, MD, PhD, Professor, Department of  
Gastroenterology and Hepatology, Kinki University School 
of  Medicine, 377-2, Ohno-Higashi, Osaka-Sayama, 589-8511, 
Osaka, Japan

Editorial office 
World Journal of  Hepatology
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 

Online Submissions: http://www.wjgnet.com/1948-5182office
wjh@wjgnet.com
www.wjgnet.com

February 27, 2012|Volume 4|Issue 2|WJH|www.wjgnet.com I

INSTRUCTIONS TO AUTHORS



Instructions to authors

Chaoyang District, Beijing 100025, China
Telephone: +86-10-85381892
Fax: +86-10-85381893
E-mail: wjh@wjgnet.com
http://www.wjgnet.com

Indexed and abstracted in 
PubMed Central, PubMed, Digital Object Identifer, and Direc
tory of  Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  
the authors except where indicated otherwise.

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

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

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board mem
ber for [names of  organizations], and has received research fun
ding from [names of  organization]. [Name of  individual] is an 
employee of  [name of  organization]. [Name of  individual] owns 
stocks and shares in [name of  organization]. [Name of  individual] 
owns patent [patent identification and brief  description]. 

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

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should comform 
to Good Clinical Practice (for example, US Food and Drug 
Administration Good Clinical Practice in FDA-Regulated 

Clinical Trials; UK Medicines Research Council Guidelines 
for Good Clinical Practice in Clinical Trials) and/or the World 
Medical Association Declaration of  Helsinki. Generally, we 
suggest authors follow the lead investigator’s national standard. 
If  doubt exists whether the research was conducted in accordance 
with the above standards, the authors must explain the rationale 
for their approach and demonstrate that the institutional review 
body explicitly approved the doubtful aspects of  the study. 

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

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Bo 
ok Antiqua with ample margins. Number all pages conse
cutively, and start each of  the following sections on a new 
page: Title Page, Abstract, Introduction, Materials and Me
thods, Results, Discussion, Acknowledgements, References, 
Tables, Figures, and Figure Legends. Neither the editors nor 
the publisher are responsible for the opinions expressed by 
contributors. Manuscripts formally accepted for publication 
become the permanent property of  Baishideng Publishing 
Group Co., Limited, and may not be reproduced by any means, 
in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors 
should follow the relevant guidelines for the care and use 
of  laboratory animals of  their institution or national animal 
welfare committee. For the sake of  transparency in regard to 
the performance and reporting of  clinical trials, we endorse 
the policy of  the International Committee of  Medical Journal 
Editors to refuse to publish papers on clinical trial results if  
the trial was not recorded in a publicly-accessible registry at its 
outset. The only register now available, to our knowledge, is 
http://www. clinicaltrials.gov sponsored by the United States 
National Library of  Medicine and we encourage all potential 
contributors to register with it. However, in the case that other 
registers become available you will be duly notified. A letter of  
recommendation from each author’s organization should be 
provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, ph
otographs and illustrations because rejected manuscripts will 
not be returned to the author(s) and the editors will not be 
responsible for loss or damage to photographs and illustrations 
sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Su- 
bmission System at: http://www.wjgnet.com/1948-5182 
office. Authors are highly recommended to consult the 
ONLINE INSTRUCTIONS TO AUTHORS (http://www.
wjgnet.com/1948-5182/g_info_20100316080002.htm) 
before attempting to submit online. For assistance, authors 
encountering problems with the Online Submission System may 
send an email describing the problem to wjh@wjgnet.com, or 
by telephone: +86-10-85381892. If  you submit your manuscript 
online, do not make a postal contribution. Repeated online 
submission for the same manuscript is strictly prohibited.

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

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

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

Authorship: Authorship credit should be in accordance with 
the standard proposed by International Committee of  Me
dical Journal Editors, based on (1) substantial contributions 
to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it 
critically for important intellectual content; and (3) final approval 
of  the version to be published. Authors should meet conditions 1, 
2, and 3.

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

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

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

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

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

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts 
are acknowledged in each manuscript, and reviewers of  articles 
which were not accepted will be acknowledged at the end of  
each issue. To ensure the quality of  the articles published in 
WJH, reviewers of  accepted manuscripts will be announced 
by publishing the name, title/position and institution of  the 
reviewer in the footnote accompanying the printed article. For 
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute 
of  Digestive Disease, Shanghai, Affiliated Renji Hospital, 
Medical Faculty, Shanghai Jiaotong University, Shanghai, China; 
Professor Xin-Wei Han, Department of  Radiology, The First 
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan 

Province, China; and Professor Anren Kuang, Department of  
Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu, 
Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) 
and structured abstracts (no less than 480). The specific re
quirements for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. 
AIM (no more than 20 words): Only the purpose should be 
included. Please write the aim as the form of  “To investigate/
study/…; MATERIALS AND METHODS (no less than 140 
words); RESULTS (no less than 294 words): You should present 
P values where appropriate and must provide relevant data to 
illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, 
P < 0.001; CONCLUSION (no more than 26 words).

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

Text
For articles of  these sections, original articles, rapid commu
nication and case reports, the main text should be structured 
into the following sections: INTRODUCTION, MATERIALS 
AND METHODS, RESULTS and DISCUSSION, and 
should include appropriate Figures and Tables. Data should be 
presented in the main text or in Figures and Tables, but not in 
both. The main text format of  these sections, editorial, topic 
highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/1948-5182/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should 
be used rather than magnification factors, with the length 
of  the bar defined in the legend rather than on the bar 
itself. File names should identify the figure and panel. Avoid 
layering type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A:...; 
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish 
high resolution-figures for the printed and E-versions.

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

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 
aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and dP < 
0.01 are used. A third series of  P values can be expressed as eP 
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< 0.05 and fP < 0.01. Other notes in tables or under illustrations 
should be expressed as 1F, 2F, 3F; or sometimes as other symbols 
with a superscript (Arabic numerals) in the upper left corner. In 
a multi-curve illustration, each curve should be labeled with ●, ○, 
■, □, ▲, △, etc., in a certain sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions should be included. Authors are responsible for 
obtaining written permission to use any copyrighted text and/
or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference nu
mbers in square brackets in superscript at the end of  citation 
content or after the cited author’s name. For citation content 
which is part of  the narration, the coding number and square 
brackets should be typeset normally. For example, “Crohn’
s disease (CD) is associated with increased intestinal per
meability[1,2]”. If  references are cited directly in the text, they 
should be put together within the text, for example, “From 
references[19,22-24], we know that...”

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

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

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

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

Format
Journals 
English journal article (list all authors and include the PMID where 

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World 
J Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   
DOI: 10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where 
applicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hy

pertension, insulin, and proinsulin in participants with 
impaired glucose tolerance. Hypertension 2002; 40: 679-686 
[PMID: 12411462   PMCID:2516377   DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar 

RJ; Alf-One Study Group. Sexual dysfunction in 1, 
274 European men suffering from lower urinary tract 
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and 

safety of  frovatriptan with short- and long-term use for 
treatment of  migraine and in comparison with sumatriptan. 
Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325   
DOI:10.1046/j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. 

HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary 

system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: 
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

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

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

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

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

tational effort statistic for genetic programming. In: Foster 
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. 
Genetic programming. EuroGP 2002: Proceedings of  the 
5th European Conference on Genetic Programming; 2002 
Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious di

seases. Emerg Infect Dis serial online, 1995-01-03, cited 
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., ass

ignee. Flexible endoscopic grasping and cutting device 
and positioning tool assembly. United States patent US 
20020103498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree 
of  freedom as υ (in Greek), sample number as n (in italics), 
and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1948-5182/
g_info_20100107115140.htm.

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

Italics
Quantities: t time or temperature, c concentration, A area, l 
length, m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5182/g_info_201003 
16080004.htm

Frontier: http://www.wjgnet.com/1948-5182/g_info_20100315103 
153.htm

Topic highlight: http://www.wjgnet.com/1948-5182/g_info_2010 
0316080006.htm

Observation: http://www.wjgnet.com/1948-5182/g_info_2010 
0107112630.htm

Guidelines for basic research: http://www.wjgnet.com/1948-5182/
g_info_20100315103748.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948- 
5182/g_info_20100315103829.htm

Review: http://www.wjgnet.com/1948-5182/g_info_20100 
107112834.htm

Original articles: http://www.wjgnet.com/1948-5182/g_info_ 
20100107113351.htm

Brief  articles: http://www.wjgnet.com/1948-5182/g_info_20100 
315104523.htm

Case report: http://www.wjgnet.com/1948-5182/g_info_2010010 
7113649.htm

Letters to the editor: http://www.wjgnet.com/1948-5182/_info_20 
100107114003.htm

Book reviews: http://www.wjgnet.com/1948-5182/g_info_2010 
0315105017.htm

Guidelines: http://www.wjgnet.com/1948-5182/g_info_2010 
0315105107.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies 
of  WJH. The revised version including manuscript and high-
resolution image figures (if  any) should be re-submitted online 
(http://www.wjgnet.com/1948-5182office/). The author should 
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