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Abstract
Intrahepatic cholestasis of pregnancy (ICP) is the most 
common pregnancy-related liver disorder. Maternal 
effects of ICP are mild; however, there is a clear 
association between ICP and higher frequency of fetal 
distress, preterm delivery, and sudden intrauterine 
fetal death. The cause of ICP remains elusive, but 
there is evidence that mutations in genes encoding 
hepatobiliary transport proteins can predispose 
for the development of ICP. Recent data suggest 
that ursodeoxycholic acid is currently the most 
effective pharmacologic treatment, whereas obstetric 
management is still debated. Clinical trials are required 
to identify the most suitable monitoring modalities 
that can specifically predict poor perinatal outcome. 
This article aims to review current achievements and 
unsolved problems of ICP. 
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INTRODUCTION
Intrahepatic cholestasis of  pregnancy (ICP) is the 
most common liver disorder unique to pregnancy. 
ICP predominantly occurs during the third trimester 
of  pregnancy and characterized by pruritus, and 
biochemical disturbances in liver tests. While ICP poses 
little maternal risk, there is an increased risk of  preterm 
delivery and sudden intrauterine fetal death. In spite of  
the substantial risk, ICP remains widely disregarded as 
a serious clinical problem[1]. The cause of  ICP is not 
fully understood. Current research on the pathogenesis 
of  ICP focuses on genetic and hormonal factors. The 
treatment is mainly symptomatic. Ursodeoxycholic acid 
is currently the most effective pharmacologic treatment, 
but there is no ideal method for fetal surveillance so 
far. This review, based on an analysis of  the literature 
and our own experience, attempts to summarize current 
achievements and unsolved problems of  ICP.

EPIDEMIOLOGY
The incidence of  ICP varies throughout the world. The 
highest incidence is considered to be in Chile and Bolivia 
(5%-15%)[2,3]. In these countries, the incidence of  ICP 
has decreased more recently, whereas it has increased 
in other parts of  Europe, the USA, Asia, Australia and 
some Latin American countries[3,4]. In Scandinavian and 
Baltic countries ICP occurs in up to 2% of  pregnancies, 
while in other countries of  Europe and North America 
the incidence is less than 1%[3-5], and in South Asian 
populations the incidence is 0.8%-1.46%[6]. In Lithuania, 
a retrospective analysis disclosed a rate of  0.4% of  
ICP in 16 252 pregnant women over a period of  five 
years[7]. The low incidence of  ICP may reflect an 
underestimation of  the problem, and growing awareness 
of  the condition will probably increase the numbers[2].

ETIOLOGY AND PATHOGENESIS
Over the last decade, it has become increasingly 
apparent that the etiology of  ICP is multifactorial, 
involving genetic and hormonal factors. Hormonal 
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factors may trigger the transient decompensation of  
the heterozygous state for genes encoding hepatobiliary 
transport proteins which fail during pregnancy, leading 
to ICP[3,8,9].

Estrogens and progesterone
ICP occurs mainly during the third trimester, when 
serum concentrations of  estrogens and progesterone 
reach their peak. ICP is also more common in twin 
pregnancies, which are associated with higher levels 
of  hormones than singleton pregnancies[3,10]. All 
hormones are metabolized by the liver, and an excess of  
metabolites influences the activity of  biliary canalicular 
transporters. The cholestatic potential of  some D-ring 
estrogens, in particular glucuronides like estradiol-17β-
d-glucuronide, and mono- or disulfated progesterone 
metabolites, mainly 3α, 5α-isomers, is supported by 
experimental and clinical data[11-13]. The formation of  
large amounts of  sulfated progesterone metabolites, 
possibly related to greater 5-α and 3-α reduction, may 
result in saturation of  the hepatic transport system 
(s) utilized for biliary excretion of  these compounds 
in some genetically predisposed women[11,14,15]. The 
function of  hepatocellular transporters such as 
ABCB11 and ABSB4 has been shown to be impaired 
at the posttranscriptional level in vitro by high loads of  
estrogen glucuronides and progesterone[16-18]. In addition, 
estrogens impair basolateral as well as canalicular bile 
acid transporter expression of  liver cells in vitro by 
transcriptional mechanisms[19].

Genetic factors
There is increasing evidence that interaction between 
genetically determined dysfunction in the canalicular 
ABC transporters, and high levels of  sex hormones 
produced in pregnancy,  can predispose for the 
development of  ICP[8,9]. Genetic factors could explain 
familial cases and the higher incidence in some ethnic 
groups. Also supporting genetic factors are the high rate 
of  recurrence of  ICP in subsequent pregnancies and the 
susceptibility of  affected women to progesterone[3,15,20]. 
The phospholipid translocator (ABCB4, MDR3) and 
the bile salt export pump (ABCB11, BSEP) are the 
main transporters involved in the biliary secretion of  
cholephilic compounds. The hypothesis that mutations in 
the canalicular transporters contributes to ICP was first 
supported by Jacquemin et al[21]. Heterozygous mutations 
in ABCB4 have been found in a large consanguineous 
family in whom six women had at least one episode of  
ICP[21,22]. Since then, different studies reported additional 
mutations in ABCB4 which are associated with the 
presence of  ICP[23-25]. In a recent prospective study on 
693 Swedish patients with severe ICP (bile acid levels 
≥ 40 μmol/L), a genetic association with common 
ABCB4 gene variants was found. These associations 
were reflected by different frequencies of  at-risk alleles 
of  the two tagging polymorphisms [c.711A: Odds ratio 
(OR) = 2.27, P = 0.04; deletion intron 5: OR = 14.68;  
P = 0.012][26]. The association between ICP and the SNP 

c.711A was detected previously in a large UK cohort of  
184 ICP patients with bile acid levels > 14 μmol/L[27]. 
Splicing mutations have been described in ABCB4 
with normal gamma-glutamyltranspeptidase (γ-GT) in 
German women[28], whereas in only a small percentage 
(7.2%) of  Italian women ABCB4 mutations were 
responsible for the development of  ICP[29]. Different 
genetic background may justify the presence of  novel 
MDR3 gene mutations[30]. It has been suggested that 
mutations in the ABCB4 are associated with elevated 
γ-GT levels[25,31], whereas in several recent studies 
patients with ICP exhibited normal γ-GT activity[28,29]. 
Floreani and coworkers concluded that γ-GT is not a 
discriminant for patients carrying ABCB4 mutations[29].

The bile salt export pump (BSEP, ABCB11) 
and mult idr ug res is tance associated prote in 2 
(MRP2, ABCC2) have been proposed as alternative 
candidate proteins involved in the pathogenesis of  
hormonal cholestasis given their important roles in 
bile formation and bilirubin secretion[25,32-35]. Meier 
and coworkers supported a role for the ABCB11 
1331T>C polymorphism as a susceptibility factor for 
the development of  estrogen-induced cholestasis[32]. 
No association was found for ABCC2 in this study[32], 
whereas Sookoian et al[36], found an association between 
the rs3740066 in exon 28 of  the ABCC2 gene and 
ICP. Also, single British and Finnish patients with 
ICP carried mutations in the ATP8B1 (or FIC1) 
gene encoding a potential membrane transporter for 
phosphatidylserine[37,38].

Other factors
Some characteristics of  ICP, such as incomplete 
recurrence at subsequent pregnancies, the decrease 
in prevalence and seasonal  var iat ions,  sug gest 
that environmental factors may contribute to the 
pathogenesis of  this disorder[2,3,39]. Recently Reyes et 
al[40] reported that increased intestinal permeability 
was detected in ICP patients, and a “leaky gut’ may 
participate in the pathogenesis of  this pregnancy 
disorder by enhancing the absorption of  bacterial 
endotoxin. Could cytokines be the missing link between 
pregnancy and cholestasis by favoring the absorption 
of  bacterial endotoxin to initiate the liver inflammatory 
cascade? This hypothesis need to be confirmed in a large 
group of  ICP patients[4]. Future studies may provide a 
better understanding of  the pathogenic mechanisms of  
ICP.

Fetal pathophysiology
The mechanism underlying poor perinatal outcome 
is still poorly understood. During ICP there is an 
increased flux of  bile acids from the mother to the 
fetus[41-43]. The placenta plays a crucial role in protecting 
the fetus from the adverse effects of  potentially 
toxic endogenous substances including total bile 
acid (TBA)[44,45]. High levels of  maternal TBA affect 
placental transport, placental hormone production, 
and chorionic vessel constriction[46]. In animal models, 
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maternal hypercholanemia may affect the vectorial 
transfer of  bile acids through the creation of  inversely 
directed gradients, as compared with the physiological 
situation[47],  and by impairing the ability of  the 
trophoblast to transport bile acids[48]. Germain et al[49] 
have shown that activation of  the oxytocin receptor 
pathway is possibly caused by a cholic-acid-mediated 
increase in oxytocin-receptor expression.

CLINICAL FEATURES
ICP is characterized by pruritus starting in the second 
or third trimester of  pregnancy, and disappearing after 
delivery. It is often generalized but predominates on the 
palms and the soles of  the feet, and is worse at night. 
Skin lesions are characteristically absent except for 
excoriations due to scratching[2,3,5]. In approximately 80% 
of  patients pruritus starts in late pregnancy, but there can 
be unusual forms of  ICP[11]: (1) early onset, even in the 
first weeks; (2) typical pruritus without the usual serum 
abnormalities; (3) pruritus may fade spontaneously 
before delivery with or without an improvement in 
serum liver tests; (4) the disorder exacerbates postpartum 
with no signs of  liver failure, and may last 1-2 mo after 
delivery, subsiding spontaneously without sequelae. Mild 
jaundice occurs in 10% to 15% of  cases, typically within 
4 wk of  the onset of  itching[50-52]. Subclinical steatorrhea 
may be seen along with fat malabsorption, which may 
lead to vitamin K deficiency[53,54]. Abdominal pain is 
uncommon. Encephalopathy or other features of  liver 
failure are unusual and their presence should initiate a 
search for other causes of  liver disease[39].

The most sensitive laboratory abnormality in ICP is 
an increase in serum TBA concentrations, which may 
be the first or only laboratory abnormality[3,5,52]. Serum 
cholic acid increases more than chenodeoxycholic 
acid, resulting in a marked elevation of  the cholic/
chenodeoxycholic acid ratio compared to pregnant 
women without ICP[55]. Whereas, a study from Argentina 
has shown that asymptomatic hypercholanemia 
of  pregnancy, defined as TBA > 11 μmol/L in 
healthy pregnant women, does not necessarily lead 
to ICP[56]. Serum aminotransferases are elevated, 
and may reach values g reater  than 1000 U/L,  
making distinction from viral hepatitis important. 
Hyperbilirubinemia, up to 100 μmol/L is observed in 
10% to 20% of  the cases[3,5,52,53]. During a 3-year period 
in a prospective study of  84 women with ICP, elevation 
of  aminotransferase activities from 2-fold to 15-fold 
were noticed in 85% of  patients, bilirubin concentration 
from 2-fold to 4-fold in 14%, fasting serum bile acids 
from 1.5-fold to 20-fold in 78%, γ-GT was elevated 
up to 3-fold in 11% and alkaline phosphatase up to 
2-3-fold in 60% of  patients[51]. Although a sensitive 
marker of  other types of  cholestasis, serum γ-GT is 
usually normal or modestly elevated[3,5,52,53]. Alkaline 
phosphatase is of  poor diagnostic value due to placental 
and bone production. The prothrombin time is usually 
normal. When present, prolonged prothrombin times 

reflect vitamin K deficiency due to cholestasis or to the 
use of  anion exchange resins (such as cholestyramine) 
rather than l iver dysfunction[53,54].  Dann et  al [57] 
reported significantly increased levels of  low-density 
lipoprotein cholesterol in ICP, and proposed that this 
test might be useful to distinguish between ICP and 
pruritus gravidarum. An upper abdominal ultrasound 
is considered in patients with biliary colic or other 
manifestation of  gallstone disease. Liver biopsy is rarely 
necessary for diagnosis. Histology is characterized by 
cholestasis without inflammation, and bile plugs in 
hepatocytes and canaliculi predominate in zone 3[58].

DIFFERENTIAL DIAGNOSIS
Pruritus, as the cardinal feature of  ICP, helps distinguish 
it from other types of  liver pregnancy-related disease 
that can share similar laboratory features (such as 
early HELLP syndrome, acute fatty liver of  pregnancy 
or preeclampsia)[3,7,59]. In patients presenting with 
jaundice, choledocholithiasis should be excluded, and 
abdominal ultrasound is indicated in this situation. 
The differential diagnosis of  pruritus without icterus 
should be focused on skin diseases (eczema, scabies, 
urticarial papules), allergic reactions, abdominal striae, 
diabetes and other metabolic diseases. In patients with 
high transaminases, acute viral hepatitis (A, B, C, E, 
Epstein-Barr virus, cytomegalovirus, herpes simplex 
virus), choledocholithiasis, toxic, autoimmune hepatitis 
might be excluded[3,52,53,59]. In some cases an underlying 
liver disorder can be diagnosed as ICP[4]. Hormone- 
and cytokine-induced reduction of  expression and 
function of  the principal sinusoidal or canalicular bile 
acid transporters in late pregnancy could result in the 
development of  symptomatic cholestasis in a previously 
asymptomatic pregnant woman with hepatitis C or other 
chronic liver disease[4].

MATERNAL OUTCOME
Maternal prognosis is favourable[5,50,51]. Pruritus usually 
disappears in the first few days following delivery, 
accompanied by normalization of  serum bile acid 
concentrations and other liver tests. The patients with ICP 
generally have no hepatic sequelae. If  the pruritus and 
liver test abnormalities persist after delivery, chronic liver 
diseases such as primary biliary cirrhosis, primary sclerosing 
cholangitis or chronic hepatitis must be considered. ICP 
recurs during subsequent pregnancies in 45% to 70% of  
cases[5]. Affected women may also be at increased risk for 
the development of  gallstones[60]. Persistent cholestasis 
frequently leads to malabsorption of  fat-soluble vitamins, 
worsening maternal nutritional status. In addition, ICP 
is associated with increased incidence of  intra- and 
postpartum hemorrhage. The administration of  oral 
contraceptives to women with a history of  ICP rarely 
results in cholestatic hepatitis. These women should be 
advised of  the risk of  cholestasis to use contraceptives with 
low dose estrogen or progesterone-only products[2,5,61].
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FETAL OUTCOME
In contrast to the favourable prognosis for mothers, 
ICP poses significant risk for the fetus[5,62]. The major 
complications are premature deliveries in 19 to 60%[5], 
stillbirths in 0, 4 to 4, 1%[62,63] and fetal distress in 22 
to 33% of  cases[64,65]. The rate of  malformations or 
abortions is not increased in ICP. Recent data show a 
marked decrease in fetal complication rates possibly 
due to greater awareness of  the disease, experienced 
management and treatment[50,51,66]. The mechanism for 
poor perinatal outcome remains unclear. Because high 
bile salt levels were found to be associated with more 
frequent occurrence of  fetal distress, this might be of  
great relevance for fetal prognosis[42]. Autopsies show 
signs of  acute, lethal anoxia with petechial bleeding in 
pleura, pericardium and adrenal glands, but no signs of  
chronic anoxia[42,64]. Fetuses of  women with ICP have 
adequate birthweights for gestational age and normal 
Doppler umbilical artery velocimetry, suggesting that 
chronic placental insufficiency is not the primary cause 
of  fetal death[67]. Bile acids have been shown to induce 
vasoconstriction of  human placental chorionic veins, 
and myometrial sensitivity to oxytocin[48,49,68]. In a study 
from Sweden, a correlation between fetal complications 
(defined as preterm delivery, asphyxial events, meconium 
staining of  amniotic fluid, placenta, and membranes) 
and serum bile acid levels (≥ 40 μmol/L) was found. 
The authors reported no increase in fetal risk detected 
in ICP patients with TBA levels < 40 μmol/L,  
and proposed that these women can be managed 
expectantly[50]. Further validation of  these results is 
needed to determine the accuracy of  this cutoff  value. 
A recent case of  fetal death at 39 wk and 3 d in a patient 
with ICP, who had low TBA concentrations at the time 
of  diagnosis, has been reported[69]. This raises a crucial 
question: is the fasting TBA level sufficient to predict 
fetal outcome? Evaluation of  bile acid concentrations 
may take several days even in major laboratories, making 
it an impractical tool for immediate risk stratification[70]. 
Therefore, it is important to evaluate other clinical 
factors that are possibly associated with prematurity. The 
risk of  prematurity also appears to correlate inversely 
with onset of  pruritus[71]. We recently reported that early 
onset of  pruritus, along with markedly elevation of  bile 
acid levels, may predict premature delivery[72].

MANAGEMENT
Various strategies have been proposed to improve 
obstetric outcome. Although, there is no ideal method 
for fetal surveillance in ICP, monitoring of  fetal status 
is recommended in all cases. Nevertheless, in several 
studies, the investigators have concluded that fetal death 
in ICP may not be predictable by traditional antepartum 
surveillance, and that delivery after establishment of  
fetal lung maturity may reduce fetal mortality rate[62-64]. 
Obstetric management consists of  weighing the risk 
of  premature delivery against the risk of  stillbirths. 
Some obstetricians recommended non stress tests or 

biophysical assessment[65]. However, no test reliably 
predicts the risk of  fetal demise[62,63]. Intended to 
recognize a failing placenta, fetal cardiac monitoring 
cannot forecast an acute event such as an umbilical cord 
entanglement or a sudden fetal cardiac decompensation 
or arrhythmia[70]. As the majority of  intrauterine fetal 
deaths in singleton pregnancies complicated by ICP 
occur after 37 wk, delivery has been recommended 
no later than 37-38 wk of  gestation. Delivery at 36 wk 
if  lung maturity is achieved or as soon thereafter as 
fetal lung maturity is established[62] or earlier should be 
considered for severe cases with jaundice and progressive 
elevation in serum TBA[62,65]. According to UK Guideline 
for Obstetric Cholestasis (2006), there are insufficient 
data to support or refute the popular practice of  “early” 
(37 wk of  gestation) induction of  labour aimed at 
reducing late stillbirth. The timing and risks of  delivery 
should therefore, be discussed on an individual basis[39]. 
Because the prognosis remains unpredictable in some 
cases[69], our current strategy is to begin pharmacological 
treatment with UDCA after confirmation of  diagnosis 
in all ICP patients[72].

PHARMACOLOGICAL TREATMENT
The goal of  pharmacologic treatment in ICP is to 
reduce maternal symptoms and improve fetal outcome. 
Antihistamines, benzodiazepines, phenobarbital, 
dexamethasone, epomediol, S-adenosyl-L-methionine, 
opioid antagonists, and cholestyramine have been used 
without clear evidence of  efficacy[1-3]. Cholestyramine 
(8-16 g/d) was a widely used treatment for ICP 
related pruritus. It binds bile salts and interrupts their 
enterohepatic circulation. Observational studies suggest 
that cholestyramine may be associated with improved 
maternal morbidity without a documented improvement 
in fetal outcome[73-75]. Cholestyramine may worsen the 
malabsorption of  fat-soluble vitamins, especially vitamin 
K. A case report of  severe fetal intracranial hemorrhage 
during treatment with cholestyramine for ICP has 
raised the possibility that severe maternal vitamin K 
deficiency may lead to fetal vitamin K deficiency and 
coagulopathy[75].

Currently, the ursodeoxycholic acid (UDCA) is 
the most promising treatment for ICP. UDCA is 
hydrophilic bile acid. It is well tolerated by pregnant 
women, and no adverse effects in mothers or newborns 
have been observed[50,51,66]. Experimental evidence 
suggests that UDCA improves impaired hepatocellular 
secretion by mainly posttranscriptional stimulation 
of  canalicular expression of  transporters like the 
conjugate export pump, MRP2 (ABCC2), or the bile 
salt export pump, BSEP (ABCB11)[76,77]. In particular, 
targeting and insertion of  these transporter proteins 
into the canalicular membrane by UDCA conjugates 
has been demonstrated in experimental models of  
cholestasis, which led to enhanced elimination of  
bile acid metabolites and other organic anions as 
well as steroid mono- and disulfates[76,77]. In addition 
to effects of  UDCA on the maternal liver, UDCA 
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restores the impaired maternal-placental bile acid 
transport across the trophoblast. This could be 
mediated by enhanced expression of  plasma membrane 
transporters involved in the excretory role of  the 
placenta and would prevent structural alterations of  
the trophoblast induced by maternal cholestasis[78]. 
Effects of  UDCA in ICP resemble the effects observed 
in other cholestatic diseases, although in ICP the 
clinical and biochemical effects are obtained faster, 
and they fade quickly when the drug is discontinued[79]. 
Following oral administration, approximately 30% to 
60% of  UDCA is absorbed in the gut[80]. The degree 
of  UDCA enrichment in biliary bile following chronic 
ingestion correlates with the administered dose. 
Most clinical trials have used UDCA at a dose of  13- 
15 mg/kg per day[81,82]. Recently, Mazzella et al [83] 
reported positive results and no adverse reactions of  
high dose UDCA (1.5-2 g/d). In an open, randomized, 
parallel group study from Lithuania, 84 patients with 
ICP were randomized to either UDCA, 8-10 mg/kg 
body weight per day, or cholestyramine, 8 g per day, for 
14 d. The onset of  pruritus was approximately 31 wk  
to 32 wk of  gestation while treatment was started 
at approximately 34 wk of  gestation. A significant 
improvement of  pruritus severity, aminotransferase 
activities, serum TBA concentrations and a more 
favorable outcome of  pregnancy and absence of  adverse 
events after treatment with UDCA was demonstrated. In 
contrast, cholestyramine alleviated pruritus only mildly 
and caused side effects[51,84]. In another double-blind, 
placebo-controlled trial, comparing UDCA (1 g/d for  
3 wk) and dexamethasone (12 mg per day for one 
week) in 130 women with ICP, relief  of  pruritus was 
significantly more pronounced in the UDCA subgroup 
with bile acid levels > 40 μmol/L, and significant 
improvement of  serum alanine aminotransferase and 
bilirubin levels irrespective of  disease severity was 
observed in the UDCA group only. Dexamethasone 
produced no alleviation of  pruritus or reduction of  ALT 
activity and was less effective than UDCA in reducing 
bile acids and bilirubin levels[85]. In a retrospective, non-
randomized analysis over a 12-year observation period, 
32 patients had received UDCA (15 mg/kg per day) for 
at least 3 wk before delivery. Patients were compared 
with 16 historic controls who did not receive UDCA. 
UDCA treatment was associated with improvement in 
pruritus, serum bilirubin, aminotransferase and TBA 
levels, higher birth weight, and a greater proportion of  
deliveries at term. Twenty-six children whose mothers 
received UDCA were reexamined after 1 year to 12 years 
of  follow-up all of  whom were healthy[66].

The efficacy of  the glutathione precursor S-adenosyl-
methionine (SAMe) is controversial[86,87]. A controlled 
trial (46 patients) comparing SAMe with UDCA found 
that UDCA was significantly more effective at improving 
the concentration of  serum bile acids and other liver 
biochemical tests, whereas both drugs equally reduced 
pruritus[88]. Another randomized placebo-controlled 
trial involving 32 patients showed the superiority of  the 
combination of  UDCA with SAMe over either drug 

alone for alleviating pruritus and improving liver tests[89]. 
A recent randomized prospective comparative study of  
UDCA (750 mg per day) and S-adenosyl-L-methionine 
(1000 mg per day intravenously) in 78 patients with ICP 
suggested that both regimens improved pruritus, but the 
combined therapy had no additive effect on pruritus as 
compared to UDCA monotherapy[90].

CONCLUSION
Intrahepatic cholestasis of  pregnancy should be 
considered a high-risk condition, and careful fetal 
assessment and appropriate medical intervention 
might improve perinatal outcome. Although genetic 
research has not yet led to better prediction of  the 
disease course, remarkable progress has been made in 
our understanding of  the pathogenesis of  ICP. Genetic 
risk profiling might help to stratify cases at the time of  
diagnosis, even before bile acid concentrations exceed 
levels that indicate an increased fetal risk. Additional 
studies in ICP populations from different countries are 
needed to further characterize the genetic background in 
these patients. UDCA is currently considered as first line 
therapy for ICP. Future prospective controlled studies 
may provide a better understanding of  the underlying 
pathophysiological mechanisms of  fetal risk, identify 
the most suitable monitoring modalities, and clarify the 
obstetrical management near term.

REFERENCES
1 Riely CA, Bacq Y. Intrahepatic cholestasis of pregnancy. 

Clin Liver Dis 2004; 8: 167-176
2 Reyes H. Review: intrahepatic cholestasis. A puzzling 

disorder of pregnancy. J Gastroenterol Hepatol 1997; 12: 
211-216

3 Lammert F, Marschall HU, Glantz A, Matern S. Intrahepatic 
cholestasis of pregnancy: molecular pathogenesis, diagnosis 
and management. J Hepatol 2000; 33: 1012-1021

4 Beuers U, Pusl T. Intrahepatic cholestasis of pregnancy-
-a heterogeneous group of pregnancy-related disorders? 
Hepatology 2006; 43: 647-649

5 Bacq Y, Sapey T, Brechot MC, Pierre F, Fignon A, Dubois F. 
Intrahepatic cholestasis of pregnancy: a French prospective 
study. Hepatology 1997; 26: 358-364

6 Abedin P, Weaver JB, Egginton E. Intrahepatic cholestasis 
of pregnancy: prevalence and ethnic distribution. Ethn 
Health 1999; 4: 35-37

7 Kondrackiene J, Kupcinskas L. Liver diseases unique to 
pregnancy. Medicina (Kaunas) 2008; 44: 337-345

8 Pauli -Magnus C ,  Meier  PJ .  Pharmacogenet ics  of 
hepatocellular transporters. Pharmacogenetics 2003; 13: 
189-198

9 Savander M, Ropponen A, Avela K, Weerasekera N, 
Cormand B, Hirvioja ML, Riikonen S, Ylikorkala O, 
Lehesjoki AE, Williamson C, Aittomaki K. Genetic evidence 
of heterogeneity in intrahepatic cholestasis of pregnancy. 
Gut 2003; 52: 1025-1029

10 Gonzalez MC, Reyes H, Arrese M, Figueroa D, Lorca B, 
Andresen M, Segovia N, Molina C, Arce S. Intrahepatic 
cholestasis of pregnancy in twin pregnancies. J Hepatol 1989; 
9: 84-90

11 Reyes H, Sjovall J. Bile acids and progesterone metabolites 
in intrahepatic cholestasis of pregnancy. Ann Med 2000; 32: 
94-106

12 Reyes H, Simon FR. Intrahepatic cholestasis of pregnancy: 

Kondrackiene J et al . Intrahepatic cholestasis of pregnancy                                                                          5785

www.wjgnet.com



an estrogen-related disease. Semin Liver Dis 1993; 13: 289-301
13 Kreek MJ. Female sex steroids and cholestasis. Semin Liver 

Dis 1987; 7: 8-23
14 Meng LJ, Reyes H, Axelson M, Palma J, Hernandez I, 

Ribalta J, Sjovall J. Progesterone metabolites and bile 
acids in serum of patients with intrahepatic cholestasis 
of pregnancy: effect of ursodeoxycholic acid therapy. 
Hepatology 1997; 26: 1573-1579

15 Meng LJ, Reyes H, Palma J, Hernandez I, Ribalta J, Sjovall J. 
Effects of ursodeoxycholic acid on conjugated bile acids and 
progesterone metabolites in serum and urine of patients 
with intrahepatic cholestasis of pregnancy. J Hepatol 1997; 
27: 1029-1040

16 Stieger B, Fattinger K, Madon J, Kullak-Ublick GA, Meier 
PJ. Drug- and estrogen-induced cholestasis through 
inhibition of the hepatocellular bile salt export pump (Bsep) 
of rat liver. Gastroenterology 2000; 118: 422-430

17 Huang L, Smit JW, Meijer DK, Vore M. Mrp2 is essential for 
estradiol-17beta(beta-D-glucuronide)-induced cholestasis in 
rats. Hepatology 2000; 32: 66-72

18 Debry P, Nash EA, Neklason DW, Metherall JE. Role 
of multidrug resistance P-glycoproteins in cholesterol 
esterification. J Biol Chem 1997; 272: 1026-1031

19 Simon FR, Fortune J, Iwahashi M, Gartung C, Wolkoff 
A, Sutherland E. Ethinyl estradiol cholestasis involves 
alterations in expression of liver sinusoidal transporters. Am 
J Physiol 1996; 271: G1043-G1052

20 Leevy CB ,  Koneru B, Klein KM. Recurrent familial 
prolonged intrahepatic cholestasis of pregnancy associated 
with chronic liver disease. Gastroenterology 1997; 113: 
966-972

21 Jacquemin E, Cresteil D, Manouvrier S, Boute O, Hadchouel 
M. Heterozygous non-sense mutation of the MDR3 gene in 
familial intrahepatic cholestasis of pregnancy. Lancet 1999; 
353: 210-211

22 de Vree JM, Jacquemin E, Sturm E, Cresteil D, Bosma PJ, 
Aten J, Deleuze JF, Desrochers M, Burdelski M, Bernard O, 
Oude Elferink RP, Hadchouel M. Mutations in the MDR3 
gene cause progressive familial intrahepatic cholestasis. 
Proc Natl Acad Sci USA 1998; 95: 282-287

23 Jacquemin E. Role of multidrug resistance 3 deficiency 
in pediatric and adult liver disease: one gene for three 
diseases. Semin Liver Dis 2001; 21: 551-562

24 Jacquemin E, De Vree JM, Cresteil D, Sokal EM, Sturm E, 
Dumont M, Scheffer GL, Paul M, Burdelski M, Bosma PJ, 
Bernard O, Hadchouel M, Elferink RP. The wide spectrum 
of multidrug resistance 3 deficiency: from neonatal 
cholestasis to cirrhosis of adulthood. Gastroenterology 2001; 
120: 1448-1458

25 Pauli-Magnus C, Lang T, Meier Y, Zodan-Marin T, Jung D, 
Breymann C, Zimmermann R, Kenngott S, Beuers U, Reichel 
C, Kerb R, Penger A, Meier PJ, Kullak-Ublick GA. Sequence 
analysis of bile salt export pump (ABCB11) and multidrug 
resistance p-glycoprotein 3 (ABCB4, MDR3) in patients with 
intrahepatic cholestasis of pregnancy. Pharmacogenetics 2004; 
14: 91-102

26 Wasmuth HE, Glantz A, Keppeler H, Simon E, Bartz C, Rath 
W, Mattsson LA, Marschall HU, Lammert F. Intrahepatic 
cholestasis of pregnancy: the severe form is associated 
with common variants of the hepatobiliary phospholipid 
transporter ABCB4 gene. Gut 2007; 56: 265-270

27 Mullenbach R, Linton KJ, Wiltshire S, Weerasekera N, 
Chambers J, Elias E, Higgins CF, Johnston DG, McCarthy 
MI, Williamson C. ABCB4 gene sequence variation in 
women with intrahepatic cholestasis of pregnancy. J Med 
Genet 2003; 40: e70

28 Schneider G, Paus TC, Kullak-Ublick GA, Meier PJ, 
Wienker TF, Lang T, van de Vondel P, Sauerbruch T, 
Reichel C. Linkage between a new splicing site mutation in 
the MDR3 alias ABCB4 gene and intrahepatic cholestasis of 
pregnancy. Hepatology 2007; 45: 150-158

29 Floreani A, Carderi I, Paternoster D, Soardo G, Azzaroli 
F, Esposito W, Montagnani M, Marchesoni D, Variola A, 
Rosa Rizzotto E, Braghin C, Mazzella G. Hepatobiliary 
phospholipid transporter ABCB4, MDR3 gene variants in a 
large cohort of Italian women with intrahepatic cholestasis 
of pregnancy. Dig Liver Dis 2008; 40: 366-370

30 Floreani A, Carderi I, Paternoster D, Soardo G, Azzaroli 
F, Esposito W, Variola A, Tommasi AM, Marchesoni 
D, Braghin C, Mazzella G. Intrahepatic cholestasis of 
pregnancy: three novel MDR3 gene mutations. Aliment 
Pharmacol Ther 2006; 23: 1649-1653

31 Milkiewicz P, Gallagher R, Chambers J, Eggington E, 
Weaver J, Elias E. Obstetric cholestasis with elevated 
gamma glutamyl transpeptidase: incidence, presentation 
and treatment. J Gastroenterol Hepatol 2003; 18: 1283-1286

32 Meier Y, Zodan T, Lang C, Zimmermann R, Kullak-
Ublick GA, Meier PJ, Stieger B, Pauli-Magnus C. Increased 
susceptibility for intrahepatic cholestasis of pregnancy 
and contraceptive-induced cholestasis in carriers of the 
1331T>C polymorphism in the bile salt export pump. World 
J Gastroenterol 2008; 14: 38-45

33 Byrne JA, Strautnieks SS, Mieli-Vergani G, Higgins CF, 
Linton KJ, Thompson RJ. The human bile salt export pump: 
characterization of substrate specificity and identification of 
inhibitors. Gastroenterology 2002; 123: 1649-1658

34 Doppelfeld IS, Parnham MJ. Experimental conditions 
determine effects of ascorbic acid on reperfusion injury: 
comparison of  t issue damage with hemodynamic 
parameters in rat isolated hearts. Methods Find Exp Clin 
Pharmacol 1992; 14: 419-430

35 Nies AT, Keppler D. The apical conjugate efflux pump 
ABCC2 (MRP2). Pflugers Arch 2007; 453: 643-659

36 Sookoian S, Castano G, Burgueno A, Gianotti TF, Pirola CJ. 
Association of the multidrug-resistance-associated protein 
gene (ABCC2) variants with intrahepatic cholestasis of 
pregnancy. J Hepatol 2008; 48: 125-132

37 Mullenbach R, Bennett A, Tetlow N, Patel N, Hamilton 
G, Cheng F, Chambers J, Howard R, Taylor-Robinson SD, 
Williamson C. ATP8B1 mutations in British cases with 
intrahepatic cholestasis of pregnancy. Gut 2005; 54: 829-834

38 Painter JN, Savander M, Ropponen A, Nupponen N, 
Riikonen S, Ylikorkala O, Lehesjoki AE, Aittomaki K. 
Sequence variation in the ATP8B1 gene and intrahepatic 
cholestasis of pregnancy. Eur J Hum Genet 2005; 13: 435-439

39 Pusl T, Beuers U. Intrahepatic cholestasis of pregnancy. 
Orphanet J Rare Dis 2007; 2: 26

40 Reyes H, Zapata R, Hernandez I, Gotteland M, Sandoval L, 
Jiron MI, Palma J, Almuna R, Silva JJ. Is a leaky gut involved 
in the pathogenesis of intrahepatic cholestasis of pregnancy? 
Hepatology 2006; 43: 715-722

41 Heikkinen J, Maentausta O, Tuimala R, Ylostalo P, Janne 
O. Amniotic fluid bile acids in normal and pathologic 
pregnancy. Obstet Gynecol 1980; 56: 60-64

42 Laatikainen T, Tulenheimo A. Maternal serum bile acid 
levels and fetal distress in cholestasis of pregnancy. Int J 
Gynaecol Obstet 1984; 22: 91-94

43 Rodrigues CM, Marin JJ, Brites D. Bile acid patterns in 
meconium are influenced by cholestasis of pregnancy and 
not altered by ursodeoxycholic acid treatment. Gut 1999; 45: 
446-452

44 Marin JJ, Macias RI, Serrano MA. The hepatobiliary-like 
excretory function of the placenta. A review. Placenta 2003; 
24: 431-438

45 Macias RI, Pascual MJ, Bravo A, Alcalde MP, Larena MG, 
St-Pierre MV, Serrano MA, Marin JJ. Effect of maternal 
cholestasis on bile acid transfer across the rat placenta-
maternal liver tandem. Hepatology 2000; 31: 975-983

46 Meng LJ, Reyes H, Palma J, Hernandez J, Ribalta J, Sjovall 
J. Progesterone metabolism in normal human pregnancy 
and in patients with intrahepatic cholestasis of pregnancy. 
In: Reyes HB, Leuschner U, Arias IM. editors. Pregnancy, 

www.wjgnet.com

5786        ISSN 1007-9327    CN 14-1219/R      World J Gastroenterol    October 14, 2008     Volume 14    Number 38



sex hormones and the liver. Dordrecht: Kluver Academic 
Publishers, 1996: 91-100

47 Monte MJ, Rodriguez-Bravo T, Macias RI, Bravo P, el-Mir 
MY, Serrano MA, Lopez-Salva A, Marin JJ. Relationship 
between bile acid transplacental gradients and transport 
across the fetal-facing plasma membrane of the human 
trophoblast. Pediatr Res 1995; 38: 156-163

48 Sepulveda WH, Gonzalez C, Cruz MA, Rudolph MI. 
Vasoconstrictive effect of bile acids on isolated human 
placental chorionic veins. Eur J Obstet Gynecol Reprod Biol 
1991; 42: 211-215

49 Germain AM, Kato S, Carvajal JA, Valenzuela GJ, Valdes 
GL, Glasinovic JC. Bile acids increase response and 
expression of human myometrial oxytocin receptor. Am J 
Obstet Gynecol 2003; 189: 577-582

50 Glantz A, Marschall HU, Mattsson LA. Intrahepatic 
cholestasis of pregnancy: Relationships between bile acid 
levels and fetal complication rates. Hepatology 2004; 40: 
467-474

51 Kondrackiene J, Beuers U, Kupcinskas L. Efficacy and 
safety of ursodeoxycholic acid versus cholestyramine in 
intrahepatic cholestasis of pregnancy. Gastroenterology 2005; 
129: 894-901

52 Nichols AA. Cholestasis of pregnancy: a review of the 
evidence. J Perinat Neonatal Nurs 2005; 19: 217-225

53 Mullally BA, Hansen WF. Intrahepatic cholestasis of 
pregnancy: review of the literature. Obstet Gynecol Surv 
2002; 57: 47-52

54 Reyes H, Radrigan ME, Gonzalez MC, Latorre R, Ribalta 
J, Segovia N, Alvarez C, Andresen M, Figueroa D, Lorca 
B. Steatorrhea in patients with intrahepatic cholestasis of 
pregnancy. Gastroenterology 1987; 93: 584-590

55 Brites D, Rodrigues CM, Oliveira N, Cardoso M, Graca 
LM. Correction of maternal serum bile acid profile during 
ursodeoxycholic acid therapy in cholestasis of pregnancy. J 
Hepatol 1998; 28: 91-98

56 Castano G, Lucangioli S, Sookoian S, Mesquida M, Lemberg 
A, Di Scala M, Franchi P, Carducci C, Tripodi V. Bile 
acid profiles by capillary electrophoresis in intrahepatic 
cholestasis of pregnancy. Clin Sci (Lond) 2006; 110: 459-465

57 Dann AT, Kenyon AP, Wierzbicki AS, Seed PT, Shennan 
AH, Tribe RM. Plasma lipid profiles of women with 
intrahepatic cholestasis of pregnancy. Obstet Gynecol 2006; 
107: 106-114

58 Rolfes DB ,  Ishak KG. Liver disease in pregnancy. 
Histopathology 1986; 10: 555-570

59 Ropponen A, Sund R, Riikonen S, Ylikorkala O, Aittomaki 
K. Intrahepatic cholestasis of pregnancy as an indicator 
of liver and biliary diseases: a population-based study. 
Hepatology 2006; 43: 723-728

60 Hirvioja ML, Kivinen S. Inheritance of intrahepatic 
cholestasis of pregnancy in one kindred. Clin Genet 1993; 43: 
315-317

61 Saleh MM, Abdo KR. Intrahepatic cholestasis of pregnancy: 
review of the literature and evaluation of current evidence. J 
Womens Health (Larchmt) 2007; 16: 833-841

62 Rioseco AJ, Ivankovic MB, Manzur A, Hamed F, Kato 
SR, Parer JT, Germain AM. Intrahepatic cholestasis of 
pregnancy: a retrospective case-control study of perinatal 
outcome. Am J Obstet Gynecol 1994; 170: 890-895

63 Alsulyman OM, Ouzounian JG, Ames-Castro M, Goodwin 
TM. Intrahepatic cholestasis of pregnancy: perinatal 
outcome associated with expectant management. Am J 
Obstet Gynecol 1996; 175: 957-960

64 Fisk NM, Bye WB, Storey GN. Maternal features of obstetric 
cholestasis: 20 years experience at King George V Hospital. 
Aust N Z J Obstet Gynaecol 1988; 28: 172-176

65 Heinonen S ,  Kirkinen P. Pregnancy outcome with 
intrahepatic cholestasis. Obstet Gynecol 1999; 94: 189-193

66 Zapata R, Sandoval L, Palma J, Hernandez I, Ribalta J, 
Reyes H, Sedano M, Toha D, Silva JJ. Ursodeoxycholic acid 

in the treatment of intrahepatic cholestasis of pregnancy. A 
12-year experience. Liver Int 2005; 25: 548-554

67 Zimmermann P, Koskinen J, Vaalamo P, Ranta T. Doppler 
umbilical artery velocimetry in pregnancies complicated by 
intrahepatic cholestasis. J Perinat Med 1991; 19: 351-355

68 Simpson LL. Maternal medical disease: risk of antepartum 
fetal death. Semin Perinatol 2002; 26: 42-50

69 Sentilhes L, Verspyck E, Pia P, Marpeau L. Fetal death in 
a patient with intrahepatic cholestasis of pregnancy. Obstet 
Gynecol 2006; 107: 458-460

70 Egerman RS, Riely CA. Predicting fetal outcome in 
intrahepatic cholestasis of pregnancy: is the bile acid level 
sufficient? Hepatology 2004; 40: 287-288

71 Williamson C, Hems LM, Goulis DG, Walker I, Chambers J, 
Donaldson O, Swiet M, Johnston DG. Clinical outcome in a 
series of cases of obstetric cholestasis identified via a patient 
support group. BJOG 2004; 111: 676-681

72 Kondrackiene J, Beuers U, Zalinkevicius R, Tauschel HD, 
Gintautas V, Kupcinskas L. Predictors of premature delivery 
in patients with intrahepatic cholestasis of pregnancy. World 
J Gastroenterol 2007; 13: 6226-6230

73 Jenkins JK, Boothby LA. Treatment of itching associated 
with intrahepatic cholestasis of pregnancy. Ann Pharmacother 
2002; 36: 1462-1465

74 Burrows RF, Clavisi O, Burrows E. Interventions for 
treating cholestasis in pregnancy. Cochrane Database Syst Rev 
2001; CD000493

75 Sadler LC, Lane M, North R. Severe fetal intracranial 
haemorrhage during treatment with cholestyramine for 
intrahepatic cholestasis of pregnancy. Br J Obstet Gynaecol 
1995; 102: 169-170

76 Paumgartner G , Beuers U. Ursodeoxycholic acid in 
cholestatic liver disease: mechanisms of action and 
therapeutic use revisited. Hepatology 2002; 36: 525-531

77 Beuers U. Drug insight: Mechanisms and sites of action 
of ursodeoxycholic acid in cholestasis. Nat Clin Pract 
Gastroenterol Hepatol 2006; 3: 318-328

78 Serrano MA, Brites D, Larena MG, Monte MJ, Bravo MP, 
Oliveira N, Marin JJ. Beneficial effect of ursodeoxycholic 
acid on alterations induced by cholestasis of pregnancy 
in bile acid transport across the human placenta. J Hepatol 
1998; 28: 829-839

79 Palma J, Reyes H, Ribalta J, Hernandez I, Sandoval L, 
Almuna R, Liepins J, Lira F, Sedano M, Silva O, Toha D, 
Silva JJ. Ursodeoxycholic acid in the treatment of cholestasis 
of pregnancy: a randomized, double-blind study controlled 
with placebo. J Hepatol 1997; 27: 1022-1028

80 Rubin RA, Kowalski TE, Khandelwal M, Malet PF. Ursodiol 
for hepatobiliary disorders. Ann Intern Med 1994; 121: 
207-218

81 Berkane N, Cocheton JJ, Brehier D, Merviel P, Wolf C, 
Lefevre G, Uzan S. Ursodeoxycholic acid in intrahepatic 
cholestasis of pregnancy. A retrospective study of 19 cases. 
Acta Obstet Gynecol Scand 2000; 79: 941-946

82 Angulo P. Use of ursodeoxycholic acid in patients with liver 
disease. Curr Gastroenterol Rep 2002; 4: 37-44

83 Mazzella G, Rizzo N, Azzaroli F, Simoni P, Bovicelli L, 
Miracolo A, Simonazzi G, Colecchia A, Nigro G, Mwangemi 
C, Festi D, Roda E. Ursodeoxycholic acid administration in 
patients with cholestasis of pregnancy: effects on primary 
bile acids in babies and mothers. Hepatology 2001; 33: 
504-508

84 Kondrackiene J, Kupcinskas L. Liver disease in pregnancy: 
diagnosis and treatment. In: Diehl AM, Hayashi N, Manns 
MP, Sauerbruch T, editors. Chronic hepatitis: metabolic, 
cholestatic, viral and autoimmune. Dordrecht: Springer, 
2007: 43-53

85 Glantz A, Marschall HU, Lammert F, Mattsson LA. 
Intrahepatic cholestasis of pregnancy: a randomized 
c o n t r o l l e d  t r i a l  c o m p a r i n g  d e x a m e t h a s o n e  a n d 
ursodeoxycholic acid. Hepatology 2005; 42: 1399-1405

Kondrackiene J et al . Intrahepatic cholestasis of pregnancy                                                                          5787

www.wjgnet.com



86 Ribalta J, Reyes H, Gonzalez MC, Iglesias J, Arrese 
M, Poniachik J, Molina C, Segovia N. S-adenosyl-L-
methionine in the treatment of patients with intrahepatic 
cholestasis of pregnancy: a randomized, double-blind, 
placebo-controlled study with negative results. Hepatology 
1991; 13: 1084-1089

87 F l o r e a n i  A ,  P a t e r n o s t e r  D ,  M e l i s  A ,  G r e l l a  P V . 
S-adenosylmethionine versus ursodeoxycholic acid in 
the treatment of intrahepatic cholestasis of pregnancy: 
preliminary results of a controlled trial. Eur J Obstet Gynecol 
Reprod Biol 1996; 67: 109-113

88 Roncaglia N, Locatelli A, Arreghini A, Assi F, Cameroni 

I, Pezzullo JC, Ghidini A. A randomised controlled trial of 
ursodeoxycholic acid and S-adenosyl-l-methionine in the 
treatment of gestational cholestasis. BJOG 2004; 111: 17-21

89 Nicastri PL, Diaferia A, Tartagni M, Loizzi P, Fanelli M. A 
randomised placebo-controlled trial of ursodeoxycholic acid 
and S-adenosylmethionine in the treatment of intrahepatic 
cholestasis of pregnancy. Br J Obstet Gynaecol 1998; 105: 
1205-1207

90 Binder T, Salaj P, Zima T, Vitek L. Randomized prospective 
comparative study of ursodeoxycholic acid and S-adenosyl-
L-methionine in the treatment of intrahepatic cholestasis of 
pregnancy. J Perinat Med 2006; 34: 383-391

S- Editor  Zhong XY    L- Editor  Lalor PF    E- Editor  Yin DH

www.wjgnet.com

5788        ISSN 1007-9327    CN 14-1219/R      World J Gastroenterol    October 14, 2008     Volume 14    Number 38


