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KEY POINTS

� Intrahepatic cholestasis of pregnancy (ICP) is a disorder of pregnancy occurring in the
third trimester, characterized by pruritus, elevated serum transaminases and serum bile
acids.

� Fetal delivery results in the resolution of symptoms, but recurrence is common.

� The etiology is likely multifactorial, and includes genetic factors and the influence of
several environmental factors.

� Elevated serum bile acids have been shown to be correlated with fetal complications,
such as anoxia, prematurity, fetal distress, perinatal death, and stillbirth.

� Ursodeoxycholic acid is the current therapy for this condition, owing to its possible ben-
efits on pruritus, liver function tests, safety, and decreased rates of prematurity and
INTRODUCTION

Intrahepatic cholestasis of pregnancy (ICP) is a specific liver disease with onset during
pregnancy. It classically presents in the third trimester with pruritus, increased levels
of serum transaminases, and high total serum bile acids (BA).1 The symptoms and
biochemical abnormalities resolve rapidly after delivery, but may recur in subsequent
pregnancies.

EPIDEMIOLOGY

The incidence of ICP varies worldwide between 0.2% and 25%with the greatest prev-
alence up to 25% in the Araucanic race in South America.2 In Europe, the prevalence
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is 0.5% to 1.5% of all pregnancies, and the highest incidence has been reported in
Sweden.3 In China, ICP is considered to be common, with an incidence of 2.3% to
6.0%.4
RISK FACTORS

The most important risk factors are reported in Table 1. A risk for the development of
ICP in hepatitis C virus (HCV)-positive mothers has been described. The first retro-
spective study reported a highly significant incidence of ICP in HCV-positive pregnant
women compared with HCV-negative women.5 Subsequently, another prospective
Italian study confirmed these results and suggested the need to investigate the HCV
status in women with ICP.6 In a study population of 21,008 women with ICP identified
from the Finnish Hospital Discharge Register from 1972 to 2000, the incidence of hep-
atitis C was significantly higher than in controls.7 More recently, a study analyzing data
of women with births between 1973 and 2009, registered in the Swedish Medical Birth
Registry, confirmed a strong positive association between ICP and hepatitis C both
before and after ICP diagnosis.8 Moreover, women with HCV infection who developed
ICP have been found to exhibit a higher HCV viral load compared with those without
ICP.9 The link between ICP and HCV has not been completely explained so far,
although several hypotheses can be suggested, including a defect in the transport
of sulphated pregnancy hormones in the liver. In fact, it has been suggested that
HCV would downregulate the expression of the ABC transporter multidrug-resis-
tance–protein 2 in the liver, thus inducing a failure in the transport of various toxic sub-
stances.10 Furthermore, another link may be with a defect in ABCB11 gene encoding
the bile salt export pump (BSEP).11

It was reported from Sweden, Finland, and Chile that the incidence of ICP is higher
in the winter than in the summer.12–14 It has also been suggested that other exogenous
cofactors, such as low selenium levels, may act in alteration of oxidative metabolism in
the liver.15 A low vitamin D concentration has also been reported in women with ICP,
although its role has yet to be defined.16 It frequently recurs in multiparous women
who previously experienced ICP and is more common in multiple gestations.17–19 In
particular, in the Finnish study19 the incidence of ICP was 14% in twin pregnancies,
and 43% in triplets. Moreover, a relatively advanced age (>35 years) has been shown
to be a risk for ICP.20
GENETICS

Genetic defects in at least 6 canalicular transporters have been found to be associated
with ICP (Table 2). Genetic variations may implicate heterozygous or homozygous
Table 1
Risk factors related to intrahepatic cholestasis of pregnancy

Risk Factor References

HCV 5–8

Seasonal onset (winter) 12–14

Low selenium levels 15

Low vitamin D 16

Multiple gestations 17–19

Advanced age 20
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Table 2
Genetic defects associated to ICP

Canalicular Transporter Chromosomal Locus
Biochemical/Histologic
Characteristics Functional Defect Clinical Spectrum

ATP8B1 (FIC1) 18q 21–22 High serum bile salts; low GGT/
bland cholestasis with coarse
and granular bile

Abnormal excretion of
aminophospholipids;
downregulation of FXR

ICP, PFIC1, BRIC1, Byler disease

ABCB11 (BSEP) 2q24 High serum bile salts; low GGT/
portal tract fibrosis; bile duct
proliferation

Abnormal bile acid secretion ICP, Byler syndrome, PFIC2, BRIC2,
drug-induced cholestasis,
transient neonatal cholestasis

ABCB4 (MDR3) 7q21 High serum bile salts; elevated
GGT/fibrosis, vanishing bile duct
syndrome; low phospholipids in
bile

Defect in phosphatidylcholine
floppase

ICP, PFIC3, LPAC, neonatal
cholestasis, drug-induced
cholestasis

ABCC2 (MRP2) 10q24 High serum conjugated bilirubin/
black liver pigmentation

Alteration in canalicular transport
of conjugated metabolites

ICP, Dubin–Johnson syndrome

NR1H4 (FXR) 12q23.1 High serum bile salts Altered homeostasis of BSEP and
MDR3

ICP, familial gallstone disease,
idiopathic infantile cholestasis

FGF19 11q13.3 High serum bile salts Abnormality in bile acid transport ICP, Bile acid malabsorption

Abbreviations: BRIC, benign recurrent cholestasis; BSEP, bile salt export pump; FIC, familial intrahepatic cholestasis; FXR, farnesoid X receptor; GGT, gamma-
glutamyl transferase; LPAC, low phospholipid cholestasis; MDR, multidrug resistance; MRP, multidrug resistance protein; PFIC, progressive familial intrahepatic
cholestasis.
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polymorphisms located in different points of the genes. ATP8B1 (or FIC1) gene,
located in the chromosomal locus 18q21 to 22, encodes a P-type ATPase. Its func-
tional defects have been identified in ICP, PFIC1, BRIC1, and Byler disease, depend-
ing on the localization and functional effect of the variation.21,22 Mullenbach and
colleagues23 identified 2 ATP8B1 mutations that resulted in an amino acid exchange
(D7ON and R867C) after DNA sequencing of 16 ICP cases in the UK. However, in an
expanded study including 563 patients with ICP from Western Europe and 642 con-
trols, no significant evidence for association with ATP8B1 was found.24

ABCB11 (BSEP, a member of the ABC transporter superfamily) is the high-affinity,
liver-specific transporter responsible for the export of conjugated BA into the canalic-
ulus.25 The gene is located in the 2q24 chromosomal locus; its functional defect
causes abnormal BA secretion and a clinical spectrum of diseases including ICP, Byler
syndrome, PFIC2, BRIC2, drug-induced cholestasis, and transient neonatal chole-
stasis. The role of genetic variation at this locus in ICP has been explored in detail,
with several recurrent mutations identified. In particular, the European study identified
6 SNIPs (single nucleotide polymorphisms) in ABCB11 significantly associated with
risk for ICP.24

The ABCB4 (MDR3) is a transporter responsible for bile salt-dependent bile flow.
Initial studies identified heterozygous mutations of this gene causing a defect in phos-
phatidylcholine (PC) floppase in familial and sporadic cases of ICP.26,27 This suscep-
tibility has been confirmed in large cohort studies.24,28,29 The gene is located in the
7q21 chromosome and a defect in PC lipase causes low phospholipids in bile with
a consequence of different clinical spectrum: ICP, progressive familial intrahepatic
cholestasis type 3, juvenile cholelithiasis, neonatal cholestasis, and drug-induced
cholestasis.
The ABCC2 (multidrug-resistance–protein 2) is a transporter of bilirubin and BA

across the canalicular membrane located in the 10q24 chromosome. Involvement of
genetic variants of multidrug-resistance–protein 2 have been reported in association
with ICP in South American populations,30 but not confirmed in the large European
cohort study.24

The NR1H4 (farnesoid receptor X) is a major BA sensor that protects the liver from
the BA toxicity by regulation the transcription genes involved in the BA homeostasis.31

Genetic variations of farnesoid receptor X have been rarely identified in ICP.32,33

All the association studies with these candidate genes stress the complex vari-
ability of genotypes, the different penetrance, and the influence of several environ-
mental factors. A recent study using microarray technology in 12 women with ICP
and in 12 healthy controls, found that 20 genes were potentially correlated with
ICP.34 Among these, an upregulation of gamma-aminobutyric acid (GABA)2 receptor
gene may indicate that GABA may play a role in the pathogenesis of pruritus in this
condition.
The placentas of women with ICP displayed significant proteome differences

compared with women with a normal pregnancy.35 In particular, the proteins differen-
tially expressed together with various enzymes comprised proteins in cytoskeleton
activity, blood coagulation, platelet and chaperones activation, heat shock proteins,
RNA-binding and calcium-binding proteins, and various enzymes. These results indi-
cate that the pathogenic mechanism underlying ICP is rather complex and further veri-
fication and research are required to elucidate the exact role of proteins in ICP
pathogenesis. Indeed placenta, connecting the developing fetus to the uterine wall
allowing fetal and maternal exchanges of blood and nutrients, plays a crucial role in
ICP pathogenesis. By aDNAmicroarray study, it has been found that placenta differen-
tially express genes in mild ICP and severe ICP compared with healthy pregnancies.36
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DIAGNOSIS

The condition typically occurs during the third trimester of pregnancy with pruritus and
increases in both bile salts and transaminases, with rapid resolution immediately after
delivery. Some patients may have an early onset during the first trimester as early as in
the seventh gestational week.37,38 A marked increase in maternal serum estrogen
levels, as in the case of ovarian hyperstimulation, might trigger ICP in the first trimester
of pregnancy.39 A recent study including 305 patients with ICP (subdivided in early
onset [<28 weeks] and late onset [�28 weeks]) showed that women presenting with
early onset had a worse clinical course with a higher rate of preterm labor and fetal
distress than women with late onset.40

Pruritus typically affects the palm of hands and soles, but can occur anywhere. As
the disease progresses and generalizes, secondary skin changes develop from
scratching and can range from minor excoriation to severe prurigo nodules. Skin le-
sions tend to concentrate on the extremities, although they may involve other sites
such as buttocks and abdomen.41 The relationship between the onset of pruritus
and deranged liver function tests is unclear, but generally pruritus may precede or
follow biochemical alteration.42 Jaundice with dark urine and pale stools is
exceptional.

SERUM BIOCHEMISTRY

Serum BA level is the most sensitive and specific marker for the diagnosis of ICP, af-
ter exclusion of other causes of cholestasis.43 Higher BA levels (>40 mmol/L) have
been found to be associated with higher rates of fetal complications in a large cohort
series of 690 Swedish women diagnosed with ICP between 1999 and 2002.44 This
study reported an increased incidence of spontaneous preterm delivery, asphyxia
events, meconium staining of the amniotic fluid, placenta, or amniotic fluid and
placenta, and membranes. However, the increased risk became statistically signifi-
cant only in 17% of women (having BA >40 mmol/L). Several studies have found that
BA increase the sensitivity and expression of oxytocin receptors in the human myo-
metrium, and this can explain the mechanism of preterm labor as a complication of
ICP.45,46 A Dutch group conducted a retrospective study that included women with
ICP stratified according to the BA level into mild (10–39 mmol/L), moderate
(40–99 mmol/L), and severe (�100 mmol/L). Spontaneous preterm birth (19%),
meconium-stained fluid (47.6%), and perinatal death (9.5%) occurred significantly
more often in cases with severe ICP.47 Moreover, BA levels correlated between
mother and fetus, suggesting a causal relationship between levels of BA and fetal
complications and adverse outcome.47

Despite the high levels of transaminases, gamma-glutamyl transferase (GGT) is
commonly normal. GGT might be abnormal only in approximately 10% of cases
and it is accompanied by a greater impairment of liver function tests.48 Increased
GGT serum levels suggested the involvement of ABCB4 mutations, whereas genetic
BSEP dysfunction was postulated in the low GGT levels.26 MDR3 is a flippase trans-
locating PC from the cytosolic leaflet of the canalicular membrane to the leaflet facing
the bile duct lumen. If MDR3 is not expressed, bile salts are pumped in the canaliculus
unaccompanied by PC. Bile without PC is toxic to the bile ducts (bile salts are mem-
branolytic); thus, damaged bile ducts proliferate and with the help of bile salts they
shed large amounts of GGT into the circulation.49 Otherwise, bile salts are pumped
into the canaliculus by the BSEP and remove PC from the canalicular membrane to
form mixed micelles containing bile salts, PC, and cholesterol. Bile, devoid of bile
salts, cannot release GGT from the bile ducts.49
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Serum autotaxin activity represents a highly sensitive, specific, and robust diag-
nostic marker distinguishing ICP from other pruritic disorders of pregnancy and
pregnancy-related liver disease.50 Bilirubin is increased only in exceptional cases.
Finally, a small case-control studydemonstrated that ICP is characterizedbyglucose

intolerance and dyslipidemia, consistent with the changes seen in the metabolic syn-
drome, in conjunction with enhanced fetal growth.51 Further work, however, is required
to understand whether these changes may have an influence on the pregnancy
outcome and on the long-term morbidity of the offspring of the affected mothers.
Differential diagnosis of ICP include other cause of pruritus, specific or nonspecific

to pregnancy, including pruritus gravidarum, atopic eruption of pregnancy, pemphi-
goid gestationis, atopic dermatitis, allergic or drug reactions, pregnancy-specific
causes of hepatic impairment, liver disease preexisting, or coincidental to pregnancy.1
FETAL OUTCOME

Initial reports of adverse perinatal outcome associated with ICP focused on increased
risk for prematurity, intrapartum fetal distress, and still births. The most alarming
sequelaewasa3- to5-fold increased riskof fetal death inutero.52However, a systematic
review of a 53-year period found only 14 published cases of unexplained term stillbirths
that were associated with ICP-affected pregnancies.53 Given the relatively low fre-
quency of stillbirths, 3 to 10 per 1000 birth in the general population, the risk of stillbirth
in ICP is insignificant clinically without statistical proof. These data have been confirmed
also by a cohort study in Australia between 2001 and 2011 including 975,240 births.54

The adoption of routine activemanagement of ICP has been also investigated.53 No ev-
idence has been found to support the use of active management of ICP-affected preg-
nancies; nevertheless, individual patient-centered management with informed decision
making under the guidance of health care professionals, rather than routine implemen-
tation of an activemanagement protocol, is recommended.53 In selected casesDoppler
investigationof theumbilical arterymightbeof somevalue in recognizing thespecific risk
of fetal compromise in pregnancies complicated by intrahepatic cholestasis.55

Numerous studies focused on predictors of fetal complications in ICP, but the ma-
jority are not large enough to assess the real risk. A summary of studies including at
least 100 cases is presented in Table 3.44,47,56–60 The percentage of fetal
Table 3
Risk factors associated with fetal complications (observational studies including ‡100 cases)

Author
No. of
Cases Period Country

Fetal
Complications (%) Risk Factor

Brouwers
et al,47 2015

215 2005–2012 Netherlands 64.1 High BA (>100 mmol/L)

Lee et al,56 2008 122 2000–2007 USA 34.4 Meconium passage

Glantz
et al,44 2004

640 1999–2002 Sweden 25 High BA (>40 mmol/L)

Oztekin
et al,57 2009

187 2004–2008 Turkey 19.2 High BA

Rook et al,58 2012 101 2005–2009 USA 33 None

Jin et al,59 2015 371 1993–2014 China 23.5 Early-onset ICP

Hu et al,60 2014 100 NA China 43 HBV infection

Abbreviations: BA, bile acids; HBV, hepatitis B virus; ICP, intrahepatic cholestasis of pregnancy; NA,
not available.
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complications ranged between 19.2% and 64.1%. In a retrospective study including a
Hispanic population with ICP, an association was found between meconium passage
and moderate/severe ICP.56 Three studies found that the main risk factor for fetal
complications was the high BA concentration.44,47,57 In a Chinese study early-onset
ICP was associated with a greater frequency of adverse fetal outcomes than was in
late-onset ICP, especially in severe disease.59 In another Chinese study, it has been
found that the rates of hepatitis B virus infection in the newborn, fetal distress,
neonatal asphyxia, and birth defects in the newborns were higher in ICP pregnancies
in whom the mother was infected with hepatitis B virus than in either healthy preg-
nancy or in mother with ICP not infected with hepatitis B virus.60 Finally, a United
States–based retrospective study of women with ICP, of whom 90% were of Hispanic
origin, found a 33% rate of perinatal complications, but no risk factor was specifically
correlated with fetal complications.58

A retrospective study carried out in Finland in 365 sons of mothers with ICP from
1969 to 1988 and 617 sons of mothers without ICP using a questionnaire found that
in general a mother’s ICP does not affect her son’s health.61

MATERNAL OUTCOME

In general, fetal delivery results in the resolution of symptoms in mothers. Anecdotal
cases have a persistence of symptoms of cholestasis and eventually develop a pro-
gressive cholestatic disease and/or cholelithiasis.61 These cases may be related to
MDR3 deficiency with altered bile composition and risk to develop progressive familial
intrahepatic cholestasis type 3.62 This condition should be suspected in young women
with a history of cholestasis of unknown origin who develop a severe ICP.62 Progres-
sive familial intrahepatic cholestasis may have a progressive course with chronic
icteric or anicteric cholestasis, portal hypertension, and liver failure. Women who ex-
perienced ICP can develop also the low phospholipids–associated cholelithiasis,
either before or after pregnancy.63 Biliary symptoms usually appear in young adults
before the age of 40 years; a family history is often reported and the oversaturated
bile can cause intrahepatic hyperechogenic foci, sludge, or microlithiasis.64 Moreover,
biliary pain and even pancreatitis may recur after cholecystectomy. Some rare familial
cases may have a low phospholipid–associated cholelithiasis and induction of chole-
stasis by a reduced dosage of estrogens compared with pregnancy, that is, oral
contraceptive-induced cholestasis.65 A recent large Swedish study with more than
11,000 patients showed that the risk of later hepatobiliary cancer and autoimmune-
mediated and cardiovascular diseases is greater in women with ICP than in women
without this diagnosis.66 Recurrence of ICP ranges between 45% and 70%.67

TREATMENT

A recent metaanalysis including 9 randomized clinical trials demonstrated that urso-
deoxycholic acid (UDCA) is effective in reducing pruritus and improving liver test re-
sults in patients with ICP and improves fetal outcome.68 This study shows that
UDCA is safe, well-tolerated, and decreases the prematurity rate and consequently
the number of hospitalizations in intensive care units. A number of mechanisms of ac-
tion may explain these effects, including the hydrophilic properties of UDCA, the
improvement of both transport and secretion of bile acids by the liver by increasing
the activity of canalicular transporters, and improving the bile acid transport across
the placenta, thus decreasing exposure of the fetus to toxic bile acids.69 A novel
mechanism of action of UDCA has been explored in an elegant study determining
the concentrations of bile acids and sulphated progesterone metabolites in maternal
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and fetal serum and placenta using high performance liquid chromatography–mass
spectrometry/mass spectrometry.70 The results of this study show that the ABCG2
export pump located at the apical membrane of trophoblast cells plays an important
role in the placenta barrier for sulphated progesterone metabolites and bile acids, with
the consequent protection of the fetus against the accumulation of these compounds
in the maternal compartment.
Another metaanalysis of the literature including both nonrandomized and random-

ized, controlled studies, including a total of 836 ICP showed that UDCA, had
decreased pruritus in 73% of randomized, controlled studies and in 100% of NRSs
with available data.71 Liver function tests were improved in 82% and 100%, respec-
tively. Moreover, the use of UDCA was associated with lower rates of prematurity
and less frequent use of neonatal intensive care unit.71

More recently, the Cochrane Collaboration published an updated review of interven-
tions for treating ICP after the first published in 2011.72 This review included 21 trials
with a total of 1197 women, and assessed 11 different interventions resulting in 15
different comparisons. Compared with placebo, UDCA showed improvement in pru-
ritus in 5 (228 women) out of 7 trials. Two trials (48 women) reported lower pruritus
scores for S-adenosylmethionine (SAMe) compared with placebo, whereas 2 other tri-
als of 34 women reported no differences between groups. UDCA was more effective
improving pruritus than either SAMe or cholestyramine, however, combined UDCA 1
SAMe was no more effective than UDCA alone with regard to pruritus improvement.
Overall, there were no differences in instances of fetal distress in the UDCA groups
compared with placebo, but the difference was not significant. On the basis of these
data, the authors conclude that large trials of UDCA to determine fetal benefits or risks
are needed. Moreover, there was insufficient evidence to indicate that SAMe, guar
gum, activated charcoal, dexamethasone, cholestyramine, salvia, and even Chinese
agents (yinchenghao decoction, danxioling and yiganling, or yiganling alone or in com-
bination) are effective in treating women with cholestasis of pregnancy.
Rifampicin, which has been used in the treatment of pruritus in cholestatic liver dis-

eases for its complementary mechanism of action to UDCA,73 has been administered
in 27 women with ICP (28 affected pregnancies). In 14 pregnancies (54%), serum bile
acids decreased after the introduction of rifampicin.74 In 10 pregnancies (38%), there
was a 50% decrease in serum bile acids.73,74 Although these data should be consid-
ered as preliminary, they suggest that rifampicin may be used as a useful adjunct to
the treatment with UDCA in women with severe ICP.
Indeed, the crucial point in the management of ICP is to ascertain the optimal gesta-

tional age that would minimize the risk of overall perinatal mortality. In a large cohort of
women with ICP (with 1,604,386 singleton, nonanomalous pregnancies evaluated be-
tween 34 and 40 weeks’ gestation) it was found that the risk of fetal, neonatal, or infant
mortality was minimized by delivery at 36 weeks of gestation for those diagnosed
beyond the gestation; therefore, preterm delivery at this gestational age may be
optimal.75
SUMMARY

ICP is a peculiar disorder of pregnancy whose etiology is likely multifactorial. In the last
decade, genetic defects in at least 6 canalicular transporters have been found to be
associated with ICP. All the association studies with these candidate genes stress
the complex variability of genotypes, the different penetrance, and the influence of
several environmental factors. In some way, ICP could be regarded as a phenotypic
manifestation of a complex genetic condition involving bile secretion or its regulation.
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Increased maternal bile acids have been shown to be correlated with fetal complica-
tions, such as anoxia, prematurity, perinatal death, fetal distress and stillbirth. ICP is
generally a benign condition for mothers; long-term sequelae include the gallstone
risk and chronic liver disease in some cases, suggesting a link between ICP and ge-
netic conditions leading to an altered bile composition. Moreover, a positive associa-
tion between ICP and hepatitis C before and after the diagnosis has been evidenced.
The current medical treatment for ICP is UDCA; by examining all available evidence
from the more recent literature, UDCA is recommended in the management of ICP
owing the possible benefits on pruritus, liver function tests, safety, and decreased
rates of prematurity and fetal adverse effects.
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