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Abstract

Purpose Intrahepatic cholestasis of pregnancy and preeclampsia are two major pregnancy complications. We aimed to
investigate the association between intrahepatic cholestasis of pregnancy (ICP) and preeclampsia.

Methods Single-center retrospective study. Study group included 180 women (162 singletons and 18 twin gestations) who
were diagnosed with ICP based on clinical presentation, elevated liver enzymes and bile acids. The reference group included
1618 women (1507 singletons and 111 twin gestations) who delivered during the study period, and were matched according
to age, gravidity, parity and singleton or twin gestation.

Results The incidence of ICP was 0.36%. The incidence of preeclampsia was higher in women with ICP compared to refer-
ence group (7.78% vs 2.41%, aOR, 3.74 95% CI 12.0-7.02, p <0.0001), for either without—(3.89% vs 1.61%, aOR 2.83,
95% CI 1.23-6.5, p=0.145) or with severe features (3.89% vs 0.80%, aOR 5.17 95% CI 2.14-12.50, p=0.0003). For both
singleton and twin pregnancies, overall preeclampsia rates were higher in the ICP group (5.56% vs 2.19%, aOR 2.91 95%
CI 1.39-6.07 p=0.0045; and 27.78% vs 5.41%, aOR 10.9 95% CI 2.16-47.19, p=0.0033, respectively). Earlier diagnosis
of ICP was associated with higher incidence of preeclampsia (31.1+3.8 vs 34.86 + 6.2 gestational weeks, p =0.0259). The
average time between ICP diagnosis and to the onset of preeclampsia was 29.7 + 24 days.

Conclusion ICP is associated with an increased risk for preeclampsia. We suggest intensified follow-up for preeclampsia in
women with ICP, especially among those with early ICP presentation and twins’ gestations.
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Introduction

Intrahepatic cholestasis of pregnancy (ICP) typically pre-
sents in the third trimester of pregnancy as pruritus, elevated
liver enzymes and increased bile acids. The reported inci-
dence varies between 0.3-5.6% in the Unites States, and
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however, robust data stills lacks, and clinically beneficial
risk assessment and its timeframe are scarce. Moreover,
preeclampsia is a heterogeneous disease, in severity (with or
without severe features, HELLP syndrome and eclampsia),
timing of appearance (early or late onset, at a cutoff of 34
gestational weeks) and associated maternal (single or mul-
tiple organs involvement) and fetal complications (with or
without growth restriction). ICP is predominantly associated
with milder and later preeclampsia, without growth restric-
tion, as earlier preeclampsia, is not usually preceded by ICP.

The aim of this study was to evaluate whether ICP is
associated with a higher risk to develop preeclampsia, and
its exact subtypes, and if so, to evaluate that risk.

Materials and methods

We conducted a historical cohort study. Women diagnosed
with ICP were compared to matched references without ICP.
The rate of preeclampsia, as well as obstetrical outcomes,
was compared between groups.

Study population

All women hospitalized between July 2012 and December
2017 in Rabin Medical Center (Petach-Tikva, Israel) with
a diagnosis of ICP were included in the study group. We
excluded women without a definitive diagnosis of ICP, miss-
ing information on pregnancy outcome, high order gestation
(triplets and above) and women with preeclampsia onset pre-
ceding the diagnosis of ICP.

From the same database and time period, matched by
maternal characteristics including age, gravidity, parity and
singleton or twin gestation, women without ICP were allo-
cated, if available, in a 10:1 ratio. Uncommon study group
patient’s characteristics, such as extreme maternal age, were
matched with less references; however, the minimal refer-
ences for each ICP patient were two.

Data collection

Demographic, clinical, obstetrical and laboratory data were
collected from computerized medical records and the hospi-
tal’s laboratory database. Collected data for each participant
included maternal age, gravidity, parity, height, weight, pre-
vious cesarean deliveries, abortions, living children, mode
of conception, comorbidities including pre- or gestational
diabetes mellitus, chronic hypertension, inherited throm-
bophilia, systemic lupus erythematosus, anti-phospholipid
syndrome and any other renal, liver or cardiac disease.
Clinical and laboratory parameters that were collected
included blood pressure, platelet count, liver enzymes, uri-
nary protein and total bile acids (DZ042A-K; Diazyme Lab,
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Poway, CA analyzed with an ADVIA 2400 Clinical Chem-
istry System, Siemens Healthcare, Erlangen, Germany);
as well as the diagnoses of ICP and preeclampsia. Clinical
and laboratory data was collected at time of hospital admis-
sion—for the study group, this was at their first attendance
with ICP symptoms; for the reference group, this was at their
first admission for any indication during the third trimes-
ter, or their admission for delivery in the absence of earlier
admissions.

Obstetrical and neonatal data included mode of delivery
and indication for cesarean delivery if performed, date and
time of birth, gender, birthweight and birthweight percen-
tile—which was calculated according to nationally accepted
growth curves per gestational week and gender [16], pres-
ence of meconium-stained amniotic fluid, Apgar score at 1
and 5 min, arterial umbilical cord pH, neonatal intensive
care (NICU) admission and perinatal mortality.

Definitions

Diagnosis of ICP was based on clinical presentation of
typical pruritus involving palms and feet, accompanied by
either elevated liver enzymes and/or elevated bile acid levels
(> 10 umol/L) in the absence of other possible etiologies
[17].

Proteinuria was defined as either > 300 mg/24 h urinary
protein or >30 mg/dL in random urine sample. Preeclamp-
sia was defined as blood pressure values of > 140/90 mmHg
accompanied by proteinuria, defined as above, initially diag-
nosed after 20 gestational weeks. Preeclampsia with severe
features was defined as preeclampsia accompanied by one of
the followings: headache, blurred vision or unexplained right
upper quadrant epigastric pain, blood pressure > 160/110
platelet count < 100,000 cells/uL, hepatic transaminase
levels twice the upper normal, creatinine > 1.1 or twofold
increase from baseline levels, pulmonary edema, or HELLP
syndrome even in the absence of hypertension [18].

Our common practice, in line with accepted guidelines, is
to induce labor at 37 gestational weeks if ICP was diagnosed
before term, or at the time of diagnosis in term gestations.
If labor was not immediately induced, women are treated
with Ursodeoxycholic acid (UDCA) 600-1800 mg per day.
Women are monitored, for a 24-72 h inpatient evaluation
and later followed in an outpatient setting, according to clini-
cal discretion, for disease manifestations and fetal wellbeing.
During the study period, the follow-up protocol for women
with ICP included weekly or bi-weekly NSTs, accompanied
with blood pressure measurements, proteinuria assessment
and laboratory examinations; as well as fetal weight estima-
tions with Doppler added as necessary if growth restriction
was suspected. Women with diagnosis of ICP and subse-
quently preeclampsia were managed according to accepted
guidelines for preeclampsia, with delivery at diagnosis or
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up to 37 gestational weeks, according to severity. If blood
pressure was repeatedly measured above 160/100, antihy-
pertensive treatment was initiated with either hydralazine of
labetalol, according the physician’s discretion.

Three types of cesarean deliveries were defined: elective
cesarean delivery was defined if it was chosen for maternal
or neonatal indications, without evidence for compromise
of either one of them. If signs of maternal or fetal com-
promise were present, non-elective cesarean delivery was
defined. If the decision to perform cesarean delivery was
taken during active labor, we defined the cesarean delivery
as intra-partum.

Inherited thrombophilia was defined if a woman was
diagnosed with either homozygous or heterozygous muta-
tion of any of the following: Factor V Leiden, Anti-thrombin
III deficiency, Protein C deficiency, Protein S deficiency,
prothrombin G20210A mutation.

Small for gestational age (SGA) newborn was defined as
birthweight below the 10th percentile. Preterm delivery was
defined as delivery < 37 gestational weeks.

Outcome measures

Primary outcome was defined as the development of preec-
lampsia and its severity, either with or without severe fea-
tures and eclampsia. Secondary outcomes were gestational
age at birth, mode of delivery, type of cesarean delivery
(either elective, non-elective or intra-partum), presence of
meconium-stained amniotic fluid, birthweight and birth-
weight percentile, SGA, 5-min Apgar score, umbilical artery
cord pH, NICU admission and intrauterine fetal death.

Statistical analysis

Statistical analysis was performed using the SAS software
(SAS Cooperation, Version 34.0, North Carolina, USA).
Continuous variables were presented as mean and standard
deviation, whereas categorical variables as count and per-
centages. Univariate analysis was used to determine the rela-
tionship between each explanatory variable and preeclamp-
sia occurrence in both study and reference groups. Pearson
4 test or Fisher exact, as appropriate, were used to compare
between the study and reference groups with respect to cat-
egorical variables. Independent samples ¢ test was used to
compare the means of the two groups for continuous vari-
ables. ICP as an independent risk factor for preeclampsia
was evaluated in a multivariate logistic regression analysis
with the following confounders taken into account: maternal
age, body mass index, parity, anti-phospholipid syndrome,
inherited thrombophilia and chronic hypertension. All p
values were determined with two-tailed tests. A probability
value of <0.05 was considered statistically significant.

Ethics

The study was approved by the local institutional review
board (Approval no. RMC-314-17). Informed consent
was waived due to the retrospective design of the study,
as it included only data of human participant without
intervention.

Results

Out of a total of 49,406 deliveries in our medical center
during the study period, 210 women with ICP were identi-
fied. Seventeen women were excluded, because ICP was sus-
pected, but in retrospective case review, clinical presentation
or laboratory results did not match the diagnosis. Ten women
delivered outside of our medical center and were excluded
due to missing delivery outcomes. One woman was excluded
because of triplet gestation. Two women were excluded,
because the diagnosis of preeclampsia preceded the diag-
nosis of ICP. Accordingly, 180 women were included in the
study group—162 with singleton and 18 with twin gestation,
as well as 1,618 women in the reference group—1507 with
singleton and 111 with twin gestation. The incidence of ICP
in our study population was 0.36%.

Demographics

Baseline obstetrical and demographic characteristics were
similar between study and reference groups, except a slightly
higher rate of previous cesarean deliveries in the reference
group (0.3 +0.6 vs 0.2+0.4, p=0.002) (Table 1). Clinical
and laboratory parameters from the time of first admission
are presented in Table 2. Proteinuria rates, blood pressure
and platelet count did not differ between the groups. Liver
enzymes levels were markedly higher in the ICP group
(aspartate aminotransferase 30.2+31.7 vs 15.1 +16.5 IU/L,
p <0.0001; alanine transaminase 109.4 +135.1 vs
22.8+50.5 IU/L, p<0.0001).

Primary outcome

Overall rates of preeclampsia (7.78% vs 2.41%, p <0.0001),
either without severe features (3.89% vs 1.61%, p=0.0238)
or with severe features (3.89% vs 0.80%, p=0.0004) were
all significantly higher in the ICP group compared to the
reference group, as was the rate of HELLP syndrome (1.69%
vs 0.12%, p=0.0082).

For both singleton and twin pregnancies, overall preec-
lampsia rates were higher in the ICP group (5.56% vs
2.19%, p=0.0081; 27.78% vs 5.41%, p =0.0042, respec-
tively). However, in sub-analysis for subtype of preeclamp-
sia according to severity, significantly higher rates were
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Table 1 Baseline demographic

. LE Characteristic Study group (n=180) Reference group p Values
and clinical c‘haracterlstlcs of (n=1618)
study and reference groups
Age (years) 32.8+5.3 324+5.0 0.355
Body Mass Index (Kg/m?) 244+59 24.0+5.1 0.526
Gravidity 27+1.5 2.6+1.7 0.674
Parity 1.1+1.2 1.1+1.2 0.942
Previous cesarean deliveries 0.2+04 0.3+0.6 0.002
Twins gestation 10.0% (18) 6.9% (111) 0.718
Mode of conception
Spontaneous 83.9% (151) 87.2% (1411) 0.533
Ovarian hyperstimulation 3.3% (6) 2.6% (42)
In vitro fertilization 12.8% (23) 9.3% (165)
Diabetes mellitus
Type 1 3.3% (6) 2.1% (34) 0.877
Type II 3.9% (7) 4.8% (78)
Hypothyroidism 1.1% (2) 2.2% (35) 0.576
Chronic hypertension 3.3% (6) 5.1% (82) 0.366
Anti-phospholipid syndrome 0.0% (0) 0.6% (9) 0.612
Inherited thrombophilia 0.12% (2) 0.6% (9) 0.303
Gestational diabetes mellitus 9.4% (17) 8.5% (137) 0.656

Data are presented as mean + standard deviation for continuous variables and % (n) for categorical vari-
ables. Pearson y? test or Fisher exact, as appropriate, were used to compare between the study and reference
groups with respect to categorical variables. Independent samples ¢ test was used to compare the means of
the two groups for continuous variables

Table 2 Clinical and laboratory
evaluation at admission of study
and reference groups

Characteristic Study group (n=180) Reference group p Values
(n=1618)

Systolic blood pressure (mmHg) 1194 +11.7 121.8+12.8 0.0154
Diastolic blood pressure (mmHg) 74.3+9.9 753+9.8 0.2149
Platelet (K/uL) 221.7+66.6 216+62.5 0.2749
Aspartate aminotransferase (IU/L) 30.2+31.7 15.1+16.5 <0.0001
Alanine transaminase (IU/L) 109.4 +135.1 22.8+50.5 <0.0001
Urinary protein (mg/24 h) 221.5+134.6 239.3+85.5 0.8233
Urinary spot protein (mg/dL) 14.4+26.3 22.1+£55.5 0.3491
Proteinuria 17.0% (17) 23.7% (66) 0.1626
Total bile acids (umol/L) 27.7+304 - -

Data presented as mean =+ standard deviation for continuous variables and % (n) for categorical variables.
Pearson 4 test or Fisher exact, as appropriate, were used to compare between the study and reference
groups with respect to categorical variables. Independent samples 7 test was used to compare the means of
the two groups for continuous variables

found only for mild preeclampsia in singletons and for
severe preeclampsia in twin gestations (3.70% vs 1.46%,
p=0.0264; 22.22% vs 1.80%, p=0.0021). Multivariate
logistic regression analysis did not change level of signifi-
cance any of the differences mentioned above (Table 3).
In another sub-analysis for preeclampsia timing, both
early-onset preeclampsia, prior to 34 week gestation
(2.22% vs 0.25%, p=0.042) and late-onset preeclampsia
(5.56% vs. 0.99%, p=0.0001) were more prevalent in the
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study compared to the control group, although absolutely
more women had late-onset preeclampsia.

The prevalence of the various preeclampsia subtypes—
overall, severe, mild, HELLP syndrome, early- and late-
Onset—in the study and control groups, are presented in
Fig. 1.

Average time between ICP diagnoses to onset of preec-
lampsia was 29.7 + 24 days.



Archives of Gynecology and Obstetrics (2020) 301:655-664 659

Table 3 Preeclampsia rates in study and reference group, stratified to singleton and twin gestation

Characteristic Study group Refer- Univariate analysis Multivariate analysis
- - (n=180) ence group
Type of gestation Preeclampsia (n=1618) OR 95%CI p Values aOR 95% CI p Values
Singletons +twins Overall 7.78% (14) 2.41% (39) 3.48 1.87-6.50 <0.0001 3.74 1.20-7.02 <0.0001
Without severe 3.89% (7) 1.61% (26) 2.60 1.14-5.94 0.0238 2.83 1.23-6.50 0.0145
features
With severe features  3.89% (7) 0.80% (13) 5.14 2.07-12.75 0.0004 5.17 2.14-12.50 0.0003
HELLP Syndrome 1.69% (3) 0.12% (2) 13.9 2.30-83.48 0.0082 11.2  2.50-82.48  0.0063
Eclampsia 0.00% (0) 0.06% (1)
Characteristic Study group Refer- Univariate analysis Multivariate analysis
- - (n=162) ence group
Type of gestation  Preeclampsia (n=1507) OR 95%CI p Values aOR 95% CI p Values
Singletons Overall 5.56% (9) 2.19% (33) 272 1.30-5.72  0.0081 291 1.39-6.07 0.0045
Without severe 3.70% (6) 1.46% (22) 274 1.13-6.68 0.0264 298 1.23-7.21 0.0154
features
With severe features  1.85% (3) 0.73% (11) 2.86 0.85-9.58 0.089 2.89 091-9.16 0.072
Characteristic Study group (n=18) Refer- Univariate analysis Multivariate analysis
Type of gestation Preeclampsia ?:ll (;e]gir{) )up OR 95%CI p Values aOR 95% CI p Values
Twins Overall 27.78% (5) 5.41% (6) 6.61 1.82-24.08 0.0042  10.09 2.16-47.19 0.0033
Without severe 5.56% (1) 3.60% (4) 2.05 0.29-14.50 0.473 2.766 0.32-23.94 0.3554
features
With severe features  22.22% (4) 1.80% (2) 13.60 2.58-71.74 0.0021 15.11 2.64-86.61 0.0023

Data presented as mean + standard deviation for continuous variables and % (n) for categorical variables. Pearson y° test or Fisher exact, as
appropriate, were used to compare between the study and reference groups with respect to categorical variables. Independent samples ¢ test was
used to compare the means of the two groups for continuous variables. ICP as an independent risk factor for preeclampsia was evaluated in a
multivariate logistic regression analysis with the following confounders taken into account: maternal age, body mass index, parity, anti-phospho-
lipid syndrome, inherited thrombophilia and chronic hypertension

OR Odds ratio, CI confidence interval, aOR adjusted Odds ratio

8.0%
H Study Group

Control Group
7.0%

6.0%
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4.0%

3.0%
2.0%
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Overall Mild Severe HELLP Eclmapsia Early Late

Fig. 1 Prevalence of preeclampsia subtypes—overall, severe, mild, HELLP syndrome, early-onset, late-onset—in the study and reference groups
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Table 4 Obstetrical and

Characteristic Study group (n=180) Reference group p Values
neonatal outcomes for study and (n=1618)
reference groups
Gestational age at birth (weeks) 37.38+1.3 37.65+1.2 0.0048
Gestational age at preeclampsia onset (weeks) 35.30+2.5 3590+29 0.0077
Preterm birth <37 Gestational (weeks) 24.44% (44) 20.95% (339) 0.2776
Preterm birth < 34 Gestational (weeks) 2.78% (5) 0.80% (13) 0.0276
Mode of delivery
Spontaneous vaginal delivery 61.37% (111) 57.23% (926) 0.4159
Assisted vaginal delivery 7.22% (13) 6.68% (108)
Cesarean delivery 31.11% (53) 36.09% (584)
Type of cesarean delivery
Elective 26.78% (15) 50.85% (298) 0.0024
Non-elective 10.71% (6) 8.36% (49)
Non-elective, intra-partum 62.50% (35) 40.10% (235)
Gestational hypertension 1.1% (2) 1.5% (24) 0.691
Meconium-stained amniotic fluid 7.78% (14) 3.89% (63) <0.0001
Birthweight (g) 2914 +506 2894 +505 0.589
Birthweight (Percentile) 59.1+23.2 53.2+26.7 0.0028
Small for gestational age 2.02% (4) 6.82% (118) 0.0052
5 min Apgar<7 0.0% (0) 0.98% (17) 0.2456
Umbilical artery pH<7.1 0.0% (0) 1.01% (12) 0.2415
NICU admission 7.07% (14) 5.14% (89) 0.252
Intrauterine fetal death 0.0% (0) 0.52% (9) 0.6106
Singletons
Gestational age at birth (weeks) 37.59+1.2 37.79+1.1 0.0336
Preterm birth < 34 gestational weeks 1.11% (2) 0.43% (7) 0.2254
Birthweight (g) 3072370 2981 +459 0.015
Birthweight (percentile) 60.7£22.0 53.0+£26.8 0.0004
Small for gestational age 1.85% (3) 6.97% (105) 0.0070
5 min Apgar<7 0.0% (0) 0.10% (15) 0.3870
Umbilical artery pH 7.34+0.1 7.33+0.1 0.21
NICU admission 3.70% (6) 3.58% (54) 0.93
Intrauterine fetal death 0.0% 0.60% (9) 1.0
Twins
Gestational age at birth (weeks) 3546+1.3 35.80+1.1 0.2508
Preterm birth <34 gestational weeks 1.67% 0.37% (6) 0.0527
Birthweight (g) 2207 +£421 2309 +401 0.165
Birthweight (percentile) 51.9+269 54.2+26.1 0.6222
Small for gestational age 2.78% (1) 5.8% (13) 0.6999
5 min Apgar<7 0.0% (0) 0.89% (2) 1.0
Umbilical artery pH 7.35+0.1 7.33£0.1 0.2144
NICU admission 22.22% 15.63% 0.3227
Intrauterine fetal death 0.0% (0) 0.0% (0) 1.0

Data are presented as mean + standard deviation for continuous variables and % (n) for categorical vari-
ables. Pearson 4 test or Fisher exact, as appropriate, was used to compare between the study and reference
groups with respect to categorical variables. Independent samples 7 test was used to compare the means of
the two groups for continuous variables

NICU Neonatal Intensive Cate Unit
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Secondary outcomes

Other obstetrical and neonatal outcomes are presented
in Table 4. Women in the study group delivered earlier
(37.38+1.3 vs 37.65+ 1.2, p=0.0048(, and preeclampsia
ensued earlier (35.30+2.5 vs. 35.9+2.9, p=0.007) but the
difference for both was not clinically important. The preterm
birth rate before 37 weeks did not differ between the groups;
however, preterm birth rates before 34 weeks were signifi-
cantly higher in the ICP group (2.78% vs 0.80%, p=0.0276),
but not when analyzed according to twin (1.67% vs. 0.37%,
p=0.0527) or singleton (1.11% vs. 0.43%, p=0.2254)
gestations.

There was no difference in the mode of delivery between
the groups; however, in the ICP group, cesarean deliver-
ies were less often performed electively and more were
performed intra-partum (26.8%, 10.7% and 62.5% in ICP
group, vs 50.9%, 8.4% and 40.1% in the reference group for
elective, non-elective and intra-partum cesarean deliveries,
respectively, p=0.0024). Overall birthweight was signifi-
cantly higher in the ICP group by birthweight percentiles
(59.1 £23.2 vs 53.2+23.6, p=0.0028) but not in abso-
lute terms (2914 +506 g vs 2894 +5050 g, p=0.589). For
singletons, it was significantly higher both absolutely and
by percentiles, (3072 +370 g vs 2981 +459 g, p=0.015;
60.7 +22.0 vs 53.0+26.8, p=0.0004). For twins, birth-
weight did not differ by either deviation (2207 £421 vs
2309 +401 g, p=0.165; 51.9+26.9 vs 54.2+26.1, p=0.62;
for ICP and reference groups, respectively). SGA rate was
higher in the reference group compared to the ICP group in
the overall study population (6.82% vs 2.02%, p =0.0052),
among singletons (6.97% vs 1.85%, p=0.007) but not for

twins. Among singletons and twins the rates of SGA did
not differ for those with vs. without preeclampsia (7.14% vs.
6.45%, p=0.7501 and 4.76% vs. 5.44%, p=1.000).

Women in the ICP group had higher rates of meconium-
stained amniotic fluid, compared to women in the reference
group (7.78% vs 3.89, p <0.0001). There was no difference
in the intrauterine fetal deaths rate between ICP and refer-
ence groups.

We further analyzed our population according to pres-
ence or absence of preeclampsia (Table 5). Women who
eventually developed preeclampsia were diagnosed with
ICP earlier at pregnancy (31.1+3.8 vs 34.86 +6.2 gesta-
tional weeks, p=0.0259). Bile acids level, liver enzymes
and platelet count at first admission did not differ between
patients who developed preeclampsia during pregnancy to
those who did not.

Discussion

This was a retrospective analysis to examine the association
between ICP and subsequent preeclampsia. Our main find-
ings demonstrated (1) higher rate of preeclampsia in women
who experienced ICP, both for singleton and twin gestations;
(2) women who were diagnosed with ICP earlier in preg-
nancy had higher risk for developing preeclampsia.

The incidence of ICP in our population, 0.36%, is similar
to reported rate among non-Latina in the USA [1], and close
to the reported rate of ICP in a prior Israeli cohort, of 0.1%
[12].

Our study is in line with previous reports, suggesting an
association between ICP and preeclampsia [10-15]. Atabey

Table 5 Clinical risk factors for

. . Characteristic Preeclampsia (n=53) No preeclampsia  p Values
prf:eclamps1a at presentation (n=1745)
with ICP
Bile acids (umol/L)* 22.3+31.8 28.3+30.2 0.6247
Total bile acids*
> 10 pmol/L 5(71.4%) 44 (72.1%) 1.0
>20 pmol/L 1(14.3%) 30 (49.2%) 0.1158
> 40 pmol/L 1(14.3%) 10 (16.4%) 1.0
Gestational age at ICP diagnosis (weeks)* 31.1+£3.8 34.86+6.2 0.0259
Aspartate aminotransferase (IU/L) 2344220 18.1+£21.7 0.0896
Alanine transaminase (IU/L) 52.7+122.1 41.8+85.2 0.3381
Aspartate aminotransferase > 70 (IU/L)** 2 (3.85%) 17 (2.35%) 0.3691
Alanine transaminase > 70 (IU/L)** 9(17.31%) 87 (12.07%) 0.2753
Platelet count (K/uL) 207 +66 217+63 0.2509

Numbers are presented as mean =+ standard deviation for continuous variables and % (n) for categorical
variables. Pearson y” test or Fisher exact, as appropriate, were used to compare between the study and ref-
erence groups with respect to categorical variables. Independent samples ¢ test was used to compare the
means of the two groups for continuous variables

*ICP group only

**Twice the normal range in our reference laboratory
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et al. [10] reported of a woman who was diagnosed with
ICP in the 29th gestational week, complicated with preec-
lampsia, followed by eclampsia, 7 weeks later. In another
small case series of eight consecutive women with ICP, 25%
were complicated with preeclampsia [11]. In a study of 99
women with ICP, who were diagnosed based on pruritus
and elevated liver enzymes, in the absence of bile acid test
availability, a three-time increased incidence of preeclamp-
sia was found [13].

Raz et al. [12] retrospectively studied 54 singleton and
24 twin pregnancies with ICP, reporting higher incidence
of preeclampsia compared to references without ICP (7.4%
vs 1.5% for singletons, p <0.05; 33.3% vs 6.2% for twins,
p <0.05). In their study, preeclampsia usually presented
2-4 weeks after the diagnosis of ICP; however, unlike our
study, they were unable to demonstrate that women who pre-
sented with ICP earlier in pregnancy had higher incidence of
preeclampsia. In contrast to their findings, we failed to estab-
lish a dose-dependent relationship between bile acid levels
to the risk of preeclampsia. Another supporting evidence
for this association is that higher median bile acid level was
demonstrated among women diagnosed with preeclampsia,
compared to references, 8% of which had markedly elevated
bile acid levels, although none reported pruritus [19]. A pop-
ulation-based cohort with over 1.2 M singleton deliveries
similarly detected 2.6 higher rate of preeclampsia among
women who experienced ICP, compared to those who did
not [10]. Marathe et al. demonstrated among 320 women
diagnosed with ICP a 75-fold risk for preeclampsia com-
pared to the general population [14].

Interestingly, higher rates of gestational diabetes mellitus
were also noted among the ICP subgroup [15, 20], an asso-
ciation we did not detect. Of note, women in the ICP group
were generally older and with higher rates of hypertension,
all of which may account for the higher prevalence of GDM
in Shemer et al. cohort [15].

We found that study group newborns were heavier, with
lower rate of SGA even those diagnosed with preeclampsia.
Similarly, Shemer et al. [15] demonstrated lower rates of
SGA and higher rates of Large-for-gestational age in women
with ICP, even after excluding gestational diabetes. Geenes
et al. [21] found lower birthweight, associated with earlier
delivery among ICP patients, while birthweight centiles
were significantly higher and SGA rate lower.

Overall, this supports the fact that ICP is a risk factor
mainly for late-onset preeclampsia, and not for early-onset
preeclampsia and associated growth restriction.

There are several possible explanations for the demon-
strated association between ICP and preeclampsia.

Firstly, ICP preeclampsia share similar risk factors, such
as maternal age and multiple gestation, so specific maternal
population may be at high risk for both conditions. Secondly,
high bile acid levels were shown to induce vasoconstriction
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[22]. Increased capillary growth in terminal villi is a path-
ologic condition resulting from long-standing placental
hypoperfusion or low-grade tissue hypoxemia [23]. Shemer
et al. [24] found increased placental capillary growth and
suggested it to be a response to low-grade hypoxia induced
by increased maternal bile acid levels. This idea was further
demonstrated by their finding of increased number of syn-
cytial knots in ICP placentas, as was similarly reported for
placentas of women with preeclampsia [25].

Molecular mechanisms may also link the pathogenesis of
these conditions. A Disintegrin-like Metalloproteinase with
ThromboSpondin motifs (ADAMTSs) are a secreted metal-
loproteinase family consisting on 19 members in humans,
some of which have a role in implantation and placentation.
Specifically, ADAMTS-12 levels were shown to be lower in
patients with either ICP or preeclampsia. In addition, pla-
cental arylesterase, which balances oxidant and antioxidant
activity, was significantly lower in both ICP and preeclamp-
sia groups compared to references [26].

Changes in the expression of immunologic factors such
as dendritic cells T17 and Treg, as well as pro-inflammatory
factors IL-17 and IL-35 have all been associated with both
preeclampsia and ICP [4-6]. As bile acids were found to
cause changes in the immune system from a TH2-mediated
response to TH1, they might have a main role in the patho-
logic ICP to preeclampsia course [3].

Genetic association may also have a role, with possible
genetic linkage between chromosome region 2p13-pl2,
preeclampsia and obstetric cholestasis [27]. In addition,
genetic transporter mutations, such as alterations in ABCB4,
and ATP8BI1 genes, were found to be involved in the patho-
genesis of the familial forms of ICP (progressive familial
intrahepatic cholestasis—PFIC; and benign recurrent intra-
hepatic cholestasis—BRIC). Other transporter gene muta-
tions, like ABCB11, increase the susceptibility to ICP [3].

Strengths and limitations

The strengths of our study lie in it being a single-center
study, with uniform clinical and laboratory evaluation
approach, as well as management protocol. In addition, to
the best of our knowledge, this is the largest non-population-
based study demonstrating this important association. Our
study is not without limitation, foremost, due to its retro-
spective design, with limited data available for some param-
eters, such as ethnicity and Doppler studies.

Conclusion

Our findings suggest an association between ICP and preec-
lampsia. This has clinical implications, which obligate close
follow-up and surveillance for preeclampsia in women
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with ICP, especially among high-risk women who develop
ICP early during pregnancy or with twins’ gestations. The
exact and effective follow-up will have to be determined in
future studies. Currently, we can at least recommend that
heightened follow-up, according to local protocols should
be adopted for women with ICP similar to any other at-risk
subgroup, with a minimum of blood pressure and proteinuria
surveillance.
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