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Abstract

Background

Intrahepatic cholestasis of pregnancy (ICP) is the commonest gestational liver disease. The
risk of adverse fetal outcome has been associated with the severity of maternal hyperchola-
nemia after diagnosis.

Objective

To investigate whether there is a relationship between the severity and timing of onset of
hypercholanemia and the risk of meconium-stained amniotic fluid (MSAF) and adverse neo-
natal events.

Study design

The study included 382 pregnancies complicated by ICP managed at a referral hospital in
Buenos Aires (Argentina) between June 2009 and December 2013. The patients were clas-
sified into three groups according to the severity of hypercholanemia at diagnosis; mild (10—
19.9 ymol/L), moderate (20—39.9 pmol/L) and severe (>40 uymol/L). Their clinical character-
istics and pregnancy outcomes were investigated in a prospective observational study.

Results

Higher risk of MSAF was observed when ICP appeared early in gestation or when hypercho-
lanemia was more severe. Taking both parameters into account an MSAF risk factor (MRF)
was defined. Based on a model of positive/negative predictive values, a cut-off point of

MRF = 3 was selected, which prioritized sensitivity versus specificity. In ICP patients with
MRF>3, the probability of MSAF was enhanced 4-fold. An increase in the frequency of
MSAF was also associated with higher serum levels at diagnosis of alanine transaminase,
alkaline phosphatase and direct bilirubin.
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Conclusions

The risk of MSAF is associated not only with the magnitude of hypercholanemia at diagnosis
but also with the early gestational onset of raised maternal serum bile acids.

Introduction

Intrahepatic cholestasis of pregnancy (ICP) is usually diagnosed in the third trimester of
gestation, although it may present as early as the first trimester. It typically resolves without
treatment after delivery [1]. The etiopathogenesis of ICP involves genetic, hormonal and envi-
ronmental factors [2], and diagnosis is based on the presence of pruritus and fasting elevated
serum bile acid concentrations (>10 umol/L), i.e., hypercholanemia. ICP is not usually associ-
ated with immediate life-threatening complications for the mother, although recent studies
have suggested that ICP patients have a significantly higher risk of developing gestational dia-
betes [3]. Also long term complications of ICP, such as hepatobiliary diseases, autoimmune-
mediated diseases, cardiovascular problems and cancer have been reported [4,5].

As demonstrated in animal models, exposure to pathologically high levels of bile acids
affects normal fetal development, in particular adversely impacting hepatobiliary function
[6,7], with persistent abnormalities for several weeks after birth [8]. Ursodeoxycholic acid
(UDCA) administration partially prevents the deleterious effects of maternal cholestasis on rat
placenta [9,10], but has no effect on the altered expression of genes involved in neonatal hepa-
tobiliary function [10].

The severity of hypercholanemia has been associated with higher risk of serious adverse
events for the fetus, such as spontaneous and iatrogenic preterm delivery, fetal distress and
intrauterine fetal death, all of which occur more frequently in pregnancies with higher peaks of
maternal hypercholanemia [11-13]. High bile acid levels have also been associated with
increased risk of MSAF [14]. This is very relevant because the exposure of fetal lung to toxic
levels of these molecules can result in lung injury, through alteration of secretory phospholi-
pase A2 [15,16].

The risk of perinatal mortality has been shown to be reduced by delivery at 36 weeks of ges-
tation as compared with expectant management [17], although this study did not consider bile
acid concentrations when deciding about timing of delivery [18]. Another study using a deci-
sion-analytic model to determine the optimal gestational age for delivery of women with ICP
proposed that immediate delivery at 36 weeks of gestation without amniocentesis or cortico-
steroid administration reduced neonatal morbidity and mortality [19]. Early induction of
labor at 37 weeks of gestation was found justified in high-risk ICP (>40 umol/L total bile acid
concentration) and only a reduction in birth weight was found compared to women with
lower serum bile acids [20]. A recent meta-analysis has shown that the close monitoring of
ICP patients and treatment with UDCA are beneficial and account for a reduction in the rate
of adverse pregnancy outcomes reported in the last years [21]. Furthermore, ICP is associated
with long-term effects on the health of the offspring, including susceptibility to increased adi-
posity and metabolic disease [22].

Changes in serum levels of estrogens [23] and progesterone derivatives have been described
in asymptomatic hypercholanemia of pregnancy [24] and ICP [25], but no clear association
with the severity of hypercholanemia has been reported except for progesterone sulfates,
which have been proposed as prognostic indicators for ICP [26].
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The most popular way of establishing the severity of ICP is based on the magnitude of the
highest peak of serum bile acid levels measured at any time after diagnosing ICP, usually late
in the patient follow-up before delivery. A correlation between the degree of hypercholanemia
and the occurrence of adverse fetal events was found [11-13].

However, by doing so, some important information has not been usually considered, such
as 1) the gestational age; ii) the degree of hypercholanemia at diagnosis, iii) whether the mater-
nal serum levels of bile acids were corrected during gestation, and iv) the length of time the
placenta and fetus are exposed to elevated bile acid levels in maternal blood.

The aim of the present study was to investigate whether there is a relationship between
severity of hypercholanemia and the gestational week when it appears, and the risk of MSAF
and adverse neonatal outcome in ICP pregnancies. We also evaluated whether treatment with
UDCA reduces this risk.

Material and methods
Patient selection

This investigation was conducted using data collected prospectively from June 2009 to Decem-
ber 2013 at the Ramon Sarda Mother’s and Children’s Hospital in Buenos Aires (Argentina).
Women with fasting hypercholanemia (serum bile acid levels >10 pmol/L) and pruritus of
unexplained cause were invited to participate in the study. The exclusion criteria were: patients
with any other hepatic disease or disease affecting liver tests, multiple-birth pregnancies or
deliveries at another institution. Written informed consent from all patients was obtained. The
study was reviewed and approved by the Medical Ethic Committee of the Ramon Sarda
Mother’s and Children’s Hospital (2009/03/12).

Definition of groups

According to the magnitude of hypercholanemia at diagnosis, which was measured with an
enzymatic colorimetric method (Randox Laboratories, Crumlin, UK) [25], the patients were
classified into three groups. In addition to the well-recognized level of severe ICP (>40 pmol/
L), two additional groups of mild (10-19.9 umol/L) and moderate (20-39.9 umol/L) ICP were
defined for fine-tuning of the relationship between hypercholanemia and adverse outcome.
Maternal age, parity, and the following adverse events were evaluated: stillbirth, perinatal
death (between week 24 of gestation and 4 weeks after delivery), meconium aspiration syn-
drome (babies with infiltrates on chest X-ray), gestational age at delivery, preterm birth (<37
weeks of gestation, both spontaneous and elective), MSAF, placental abruption, asphyxia (arte-
rial pH <7.05 and base deficit of >12 mmol/L or arterial pH <7.0), altered fetal vitality (5 min
Apgar <7), fetal well-being (normal cardiotocograph trace), and intensive care unit admission.
Information concerning the occurrence of diabetes, pre-eclampsia, gestational hypertension,
anemia, and other pathologies was also retrieved from medical records.

To have a complete picture of the consequences of this pathology for the fetus, both
severe and mild clinical alterations were included in the evaluation of the outcome of ICP
pregnancies.

The infants that were small for gestational age (SGA) were defined as having a birth weight
<10"™ centile and those that were large for gestational age (LGA) as having birth weight >90"
centile, after correction for sex, parity and gestational age according to the Ramon Sarda Hos-
pital growth charts. As part of the protocol of management of these patients in the hospital,
maternal blood samples were collected twice per week from the time of diagnosis until delivery
and two more samples were obtained 1-2 days and four weeks after birth.
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Meconium risk factor (MRF) was defined as the ratio between serum bile acid concentra-
tions (SBAd in pM) and the gestational age (GAd in weeks), both at the time of diagnosis, i.e,
MRF = SBAd/GAd. A model of predicted positive and negative values was elaborated to select
the cut-off value.

Statistical analysis

Where the data are shown as means+SD, an ANOVA test was performed and the Bonferroni
method of multiple-range testing was used to calculate the statistical significance of differences
among groups. Categorical variables were compared with Chi-squared or Fisher’s exact tests.
A probability of <0.05 was considered statistically significant. Stata software 11 (StataCorp,
College Station, Texas, USA) was used for statistical analyses. The study is reported according
to STROBE guidelines.

Results

All pregnancies leading to delivery during the period of this study (n = 30,078) were screened
for ICP if women reported pruritus. Of a total of 522 women with pruritus of not identified
cause (Fig 1), 63 did not participate in the study, and 77 were excluded because their follow-up
was interrupted (n = 19) or due to their particular characteristics other than ICP (n = 58) that
could affect perinatal complications (Fig 1). Patients that completed the study (n = 382) were
classified based on the mothers” serum bile acid concentrations at diagnosis as having mild

(n = 183), moderate (n = 115) or severe (n = 84) ICP. Table 1 shows the clinical and demo-
graphic characteristics of these patients.

Mean maternal age (26.0+6.5 years) was lower than in previous series [12,13], but similar to
that of the general population of pregnant women attending this hospital. Mean gestational
age at diagnosis was 33.613.6 weeks. Most cases were diagnosed between 32 and 37 weeks,
although 18.8% were diagnosed later, and 21.3% earlier in pregnancy (Table 1). A trend for
less severe hypercholanemia was found when the diagnosis was made closer to term.

ICP was diagnosed in one third of the patients in their first pregnancy (Table 1), while two-
thirds of patients had at least one previous pregnancy lasting for more than 20 weeks. Analysis
of the history of adverse events in these parous patients revealed frequent miscarriages (S1
Table) and gestational trophoblastic disease (one mole). In addition, 37.4% patients had a his-
tory of ICP, with 12.4% having had fetal death, and 28% preterm delivery (SI Table). Interest-
ingly, among women with very early diagnosis (<24 weeks), 67% had a history of ICP in
previous gestations, and 33% had a history of stillbirth.

Maternal rates of co-morbidities were similar among all groups (Table 1). Five patients had
hypothyroidism, but since no routine screening of thyroid disease in pregnant women is
carried out at this hospital the data could underestimate the frequency of thyroid disease.

In recent years the number of immigrants from bordering countries has increased in
Argentina and represented 43% of the total number of women attending the hospital between
2009 and 2013 (Table 1). The prevalence in the overall ICP population was ~21.5%, with no dif-
ferences in geographical origin.

S2 Table shows the complete profile of serum biochemical parameters evaluated at diagno-
sis. There was a significant increase in direct bilirubin in cases with more severe hypercholane-
mia, while no changes in total bilirubin, transaminases, y-glutamyl-transpeptidase, alkaline
phosphatase and total cholesterol, were found.

Most women diagnosed with ICP (77.9%) received treatment with UDCA (Table 1, Fig 2)
at a dose of 300 mg three times a day plus the antihistamine dexchlorpheniramine to alleviate
pruritus. The length of UDCA treatment varied from 1 to 150 days and started the day of
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'

522 cases with pruritus during pregnancy
without dermatological disease
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459 ICP-diagnosed 63 did nor participate
cases in the study
Bile acids =10 ymol/L
T
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440 cases with ICP 19 lost to
confirmed follow-up
e ——————
I
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|
\ 4

382 pregnancies

e 58 pregnancies excluded

- 44 patients with lithiasis (2 plus polyps)
- 1 polycystic liver and kidney disease

- 3 patients with HIV (1 plus hepatitis C virus)

- 1 celiac disease

- 9 multiple-birth pregnancy

Fig 1. Flow chart of ICP cases included in the study. Flow chart showing the intrahepatic cholestasis of pregnancy
(ICP) cases at the Mother’s and Children’s Hospital, Buenos Aires, from June 2009 to December 2013, and reasons for

the exclusion of some patients from the study.

https://doi.org/10.1371/journal.pone.0176504.9001

diagnosis, even when elective delivery was chosen. Almost 50% were treated for <2 weeks (Fig
2), and only 20 for more than two months. The administration of iron supplement (ferrous

sulfate) and levothyroxine corresponds to patients with anemia and hypothyroidism,
respectively.
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Table 1. Demographic and clinical characteristics of patients.

Demographics Intrahepatic cholestasis of pregnancy

Total (n = 382) Mild (n = 183) Moderate (n = 115) Severe (n = 84) p-value
Maternal age, y 26.0+£6.5 26.6+6.5 25.8+6.6 26.4+6.2 ns
Gestational age at diagnosis, wk 33.6+3.6 34.2+3.4 33.5+3.5 32.8+4.1 ns
Parity, n (%)
0 136 (35.6) 68 (37.2) 39 (33.9) 29 (34.5) 0.823
>1 246 (64.4) 115 (62.8) 76 (66.1) 55 (65.5) 0.827
Gestational age at diagnosis, n (%)
<24 wk 6 (1.6) 3(1.6) 1(0.9) 2(2.4) 0.695
24 to <28 wk 25 (6.5) 9(4.9) 8(7.0) 8(9.5) 0.360
28 to <32 wk 50 (13.1) 21(11.5) 16 (13.9) 13 (15.5) 0.635
32 to <37 wk 229 (60.0) 108 (59.0) 68 (59.1) 53 (63.1) 0.800
>37 wk 72 (18.8) 42 (23.0) 22 (19.1) 8(9.5) 0.033
Country of origin, n (%)
Argentina 229 (60) 114 (62.3) 67 (58.2) 48 (57.1) 0.660
Bolivia 75 (19.6) 28 (15.3) 29 (25.2) 18 (21.4) 0.099
Paraguay 58 (15.2) 30 (16.4) 14 (12.2) 14 (16.7) 0.560
Peru 14 (3.6) 8 (4.4) 4 (3.5) 2(2.4) 0.718
Other 6 (1.6) 3(1.6) 1(0.9) 2(2.4) 0.695
Co-morbidities, n (%)
Threatened premature labor 6(1.6) 0(0) 4(3.5) 2(2.4) 0.050
Diabetes 31(8.1) 18(9.8) 9(4.9) 4(4.8) 0.367
Preeclampsia 7(1.8) 6 (3.3) 0(0) 1(1.2) 0.107
Gestational hypertension 7(1.8) 4(2.2) 2(0.9) 1(1.2) 0.850
Hypothyroidism 5(1.3) 2(1.1) 2(0.9) 1(1.2) 0.887
Iron-deficiency anemia 31(8.1) 14 (7.7) 6(5.2) 11 (13.1) 0.126
Other medical conditions 7(1.8) 1(0.5) 3(2.6) 3(3.6) 0.175
Pharmacological treatment, n (%)
Ursodeoxycholic acid 298 (78.0) 144 (78.7) 84 (73.0) 70 (83.3) 0.213
Dexchlorpheniramine 298 (78.0) 144 (78.7) 84 (73.0) 70 (83.3) 0.213
Ferrous sulfate 36 (9.4) 16 (8.7) 8(7.0) 12 (14.3) 0.197
Folic acid 36 (9.4) 16 (8.7) 8(7.0) 12 (14.3) 0.197
Alprazolan 1(0.3) 1(0.5) 0(0) 0(0) 0.580
Betametasone 120 76 (41.5) 39 (33.9) 5(5.9) 0.000
Levotiroxine 5 2(1.0) 2(1.7) 1(1.2) 0.887

Data are expressed as n (%), or mean + SD. ns, p>0.05 comparing mild and moderate, mild and severe, and comparing moderate and severe. Other less
frequent medical conditions include Hirschsprung’s disease (mild, n = 1), syphilis (moderate, n = 2), dyslipidemia (moderate, n = 1), Chagas disease
(severe, n = 1), irritable bowel syndrome (severe, n = 1) and syphilis (severe, n = 1). Definition of ICP groups according to serum bile acid concentrations:
mild (10—-19.9 ymol/L); moderate (20—39.9 pmol/L); severe (>40 ymol/L).

https://doi.org/10.1371/journal.pone.0176504.t001

The obstetric outcome is shown in Table 2. Mean gestational age at delivery was similar in
severe cases as compared to mild cases. In 353 neonates preterm birth and neonatal weight
was categorized. Difference between gestational age calculated from the last menstrual period
and the first ultrasound screening was lower than one week. Preterm births occurred in 225

ICP pregnancies (63.7%), much more frequently than in other recent studies [13,17]. Consid-

ering these preterm births, 16% were spontaneous and the frequency was similar in patients
with different degrees of ICP severity. In 84% there was elective induction of labor due to ICP.
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UDCA treatment
(900 mg/day)
P——
I
v }
84 patients 298 patients with
without treatment treatment (77.9%)
(22.1%)
Days of treatment
1-2 days 3-14 days 15-28 days 2 29days
36 patients 129 patients 62 patients 71 patients
(12.1%) (43.3%) (20.8%) (23.8%)

Fig 2. Flow chart of management of patients. Flow chart showing distribution of women with intrahepatic cholestasis of
pregnancy (ICP) depending on whether they were not treated or treated with ursodeoxycholic acid (UDCA), together with
days of treatment.

https://doi.org/10.1371/journal.pone.0176504.9002

Mode of delivery was determined according to the hospital Guideline for managments of ICP.
In the general obstetric population at this hospital during the same period, elective preterm
birth was 6-fold less frequent than in ICP women. There were two cases of placental abruption,
both in women with severe ICP with diagnosis at 31 and 29 weeks of gestation.

Fetal bradycardia was found in 28 cases without association with other complications. No
cases of asphyxia or stillbirth were recorded and only one perinatal death occurred in the
severe ICP group. The diagnosis of this latter case was made at 29 weeks of gestation with
maternal serum bile acids of 83 uM. Spontaneous birth occurred 2 weeks after diagnosis, after
placental abruption and detection of the presence of meconium-stained fluid. The Apgar
scores of the baby girl (950 g) were 7 and 8 at 1 and 5 minutes, respectively. She had respiratory
distress syndrome and a chromosomal abnormality (66,XXX).

Once adjusted for gestational age, no significant differences in birth weight of the neonates,
between ICP groups or with control neonates born in the hospital in the same period, were
found. The birth weight of the neonates was classified as SGA and LGA (Table 2). In this
study, 35 neonates (9.9%) were LGA (22 male/13 female); in 16 cases ICP was associated with
other pathologies. The frequency of LGA cases was 4.4% in the general population of the hos-
pital. Additionally, 6 neonates (1.7%) were SGA (2 male/4 female), four of them from women
without other pathologies (Fig 3).

Only 36/382 neonates (9.4%) were admitted to the intensive care unit due to respiratory
problems, with a similar frequency in the three groups. Severe breathing problems (hyaline
membrane disease) were observed in 5 of these babies. Another 48 neonates were sent to
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Table 2. Comparison of obstetric outcomes.

Obstetric outcome

Gestational age at birth (wk)
Birth weight (g)

Neonatal sex (male/female) (n/n)
Mode of delivery, n (%)

Vaginal

Elective caesarean

Perinatal outcome, n (%)
Meconium-stained amniotic fluid
Meconium aspiration syndrome
Altered fetal heart rate

Placental abruption

Stillbirth

Perinatal death

Asphyxia

5 min Apgar <7

Body weight/gestational age relationship, n
Small weight for gestational age
Appropriate weight for gestational age
Large weight for gestational age
Preterm birth <37 wk, n (%)*
Spontaneous

Elective

Admission intensive care unit
Admission medium care
Respiratory distress syndrome

Intrahepatic cholestasis of pregnancy

Total (n = 382) Mild (n = 183) Moderate (n = 115) Severe (n =84) p-value
35.7+1.8 36.1+1.7 35.6+1.8 35.0+2.0 ns
2815 + 499 2896 + 433 2821 £ 511 2631 + 568 ns
198/184 92/91 66/49 40/44 0.333
158 (41.4) 80 (43.7) 47 (40.9) 31(36.9) 0.572
224 (58.6) 103 (56.3) 68 (59.1) 53 (63.1) 0.572
48 (12.6) 15(8.2) 13(11.3) 20 (23.8) 0.0015
0(0) 0(0) 0(0) 0(0) -
21 (5.5) 8(4.4) 5 (4.4) 8(9.5) 0.186
2(0.5) 0(0) 0(0) 2(2.4) 0.028
0(0) 0(0) 0(0) 0(0) -
1(0.3) 0 0 1(1.2) 0.169
0(0) 0(0) 0(0) 0(0) -
0(0) 0(0) 0(0) 0(0) -
(%)* (n=353)* (n=168) (n=108) (n=77)
6(1.7) 2(1.2) 2(1.8) 2(2.6) 0.724
312 (88.4) 155 (92.3) 91 (84.3) 66 (85.7) 0.092
35(9.9) 11 (6.5) 15(13.9) 9(11.7) 0.116
(n=225)* (n=94) (n=70) (n=61)
36 (16.0) 16 (17.0) 10 (14.3) 10 (16.4) 0.890
189 (84.0) 78 (83.0) 60 (85.7) 51 (83.6) 0.890
36 (16.0) 14 (14.9) 12 (17.1) 10 (16.4) 0.922
48 (21.3) 25 (26.6) 12 (17.1) 11 (18.0) 0.262
36 (16.0) 14 (14.9) 12 (17.1) 10(16.4) 0.922

Data are expressed as n (%), or mean + SD. ns, p>0.05 comparing mild and moderate, mild and severe, and moderate and severe. Definition of ICP groups
according to serum bile acid concentrations: mild (10-19.9 uymol/L); moderate (20—39.9 umol/L); severe (>40 umol/L).
* 29 neonates were not included due to lack of accurate data on gestational age.

https://doi.org/10.1371/journal.pone.0176504.t002

medium care unit, mainly due to their malnutritional status and hyperbilirubinemia. MSAF
was found in 12.6% of all the deliveries (Table 2). This was diagnosed in half of the cases by
amniocentesis, and no cases of meconium aspiration syndrome were detected. The frequency
of MSAF was significantly higher (P = 0.019) when ICP was diagnosed at earlier gestational
ages (Fig 4A) and when delivery occurred earlier (P<0.0001) (Fig 4B). MSAF was significantly
more frequent when serum bile acid concentrations were higher at diagnosis (P = 0.0015).
This was clearly seen in untreated pregnancies (Fig 4C), in which delivery occurred sooner
(L2 days) after diagnosis. The association between the severity of hypercholanemia at diagno-
sis (Fig 4C and 4D) or at birth (Fig 4E) and the presence of MSAF was modified by treatment
with UDCA (Fig 4D and 4E). In the ICP patients, severe hypercholanemia (>40 pmol/L), but
also high levels of alanine transaminase (>80 UI/L), alkaline phosphatase (>900 UI/L) and
direct bilirubin (>0.3 mg/dL) were associated with MSAF in univariate analyses of maternal
serum biochemical parameters at diagnosis, but not at delivery (S3 Table).

The rate of MSAF was significantly higher among women who underwent elective cesarean
section. This was not surprising because in 79.2% of cases the antenatal detection of meconium
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Fig 3. Relationship between hypercholanemia and body weight at birth. Gestational age and body weight of neonates born from women with
intrahepatic cholestasis of pregnancy (ICP) with high or low weights at birth for their gestational age.

https://doi.org/10.1371/journal.pone.0176504.9003

in amniotic fluid obtained at amniocentesis was the reason to schedule operative delivery to
prevent complications.

To evaluate the risk of MSAF in an attempt to improve the identification of patients with a
higher risk of fetal complications, a new index was calculated (see “Material and methods” sec-
tion). The MRF takes into account the two factors that were identified in the present study as
being associated with higher frequency of MSAF, i.e., the degree of hypercholanemia (direct
relationship) and gestational age at diagnosis (inverse relationship). Using a model of positive
and negative predictive values, calculation of the sensitivity and specificity for different cut-off
values of MRF was carried out (Fig 5A).

Using these criteria more useful balance between sensitivity (66.7%) and specificity
(74.5%) was obtained for MRF = 3. In untreated ICP patients MSAF frequency was signifi-
cantly lower (7.3%) in MRF negative cases than in MRF positive gestations (31.6%) (Fig 5B).
Moreover, in the MRF positive group treatment with UDCA significantly reduced the risk of
MSAF (Fig 5B).

Discussion

To our knowledge, the present study is the largest one carried out on a Latin American popula-
tion. In our series of pregnant women, the incidence of ICP was close to 1.5%. This is higher
than the incidence of 0.2-0.7% found for ICP in most European and North American series
[14,27], and lower than the reported incidence of ICP in Bolivia and Chile of 15% in older
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studies [28]. However, more recent studies in the same geographical area have reported a
lower incidence [29], consistent with our study.

The aim of the management of women with ICP is to reduce discomfort from pruritus
and to prevent adverse fetal/neonatal outcomes for which there are currently no reliable
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predictive tests. In borderline cases, clinicians make their decisions taking into account the
gestational age and the evolution of ICP-associated hypercholanemia. Liver function test
based on serum biochemistry profile and bile acid determinations are typically performed
every 3-7 days. Many clinicians also elect to perform intrapartum fetal heart rate monitor-
ing, although this procedure provides limited additional information to predict the
outcome.

The peak value of hypercholanemia determined during the follow-up of these patients has
been commonly used to establish the severity of ICP. Because this condition is characterized
by dynamic changes in maternal serum bile acid levels the management of these patients is
usually adapted over time. As adverse pregnancy outcomes do not occur in pregnancies where
the maternal serum bile acid concentration is <40 pmol/L [11], expectant management may
be considered for women with persistent mild hypercholanemia, i.e., from >10 pmol/L to
<40 umol/L serum bile acid concentrations. These women are commonly treated with UDCA,
which improves pruritus and serum biochemistry, including serum bile acid levels in an
important proportion of patients [30,31]. Only about a quarter of patients do not respond to
this treatment [25].
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The induction of labor before the 37th week of gestation, once fetal lung maturity has been
verified and sometimes after antenatal administration of corticosteroids to accelerate lung
maturity, is the standard protocol used at many hospitals with the aim of preventing stillbirth
[11], although this strategy increases the risk of preterm-associated complications. Compared
with expectant management, immediate delivery at 36 weeks of gestation has been reported to
reduce perinatal complications in ICP [17,19]. In the present series, the lack of cases of still-
birth from 225 women whose babies were delivered before 37 weeks of gestation supports the
beneficial effect of this strategy.

Changes in the management and close monitoring of ICP patients have reduced the fre-
quency of stillbirths from rates of 7%, some years ago [32,33] to 3.5% or less in more recent
studies [13,14,33], however, the risk of stillbirth and other less severe perinatal complications,
such as MSAF, justify the search for prognostic factors that can help clinicians to choose the
best option for each patient at each moment.

MSAF is a sign of fetal distress whose detection indicates the need for expedited delivery to
prevent babies from developing meconium aspiration syndrome if they inhale meconium-
stained fluid. This is a very rare complication, but it can be fatal and when it appears in pre-
term infants it is associated with higher neonatal morbidity [34]. In the present series, these
neonates were treated in intensive care units with close monitoring and all of them had good
outcomes.

In control pregnancies from this hospital and also in other studies [12,35], MSAF appears
more frequently in births close to term and especially in post-date deliveries; this has been
associated with a more advanced maturation of the gastrointestinal tract.

This study supports previous research demonstrating an association between MSAF and
lower gestational age both at diagnosis and at birth in ICP. The strongest association with the
occurrence of MSAF is found with higher degree of hypercholanemia at diagnosis. UDCA
treatment reduces the risk of MSAF. Moreover, the present study also supports results from a
recent study on a smaller number of ICP patients (59 women), which suggested that gesta-
tional age at diagnosis and serum bile acid levels are associated with adverse perinatal respira-
tory problems [36].

The mechanism by which high bile acid levels could cause MSAF is not clear but it has been
proposed that it could be due to stimulation of colonic motility or be a result of fetal distress
itself [37,38].

The presence of bile acids in meconium can result from bile reaching the fetal duodenum
and/or from the amniotic fluid ingested by the fetus. A recent study analyzing bile acid species
in the biliary tract and in the intestinal meconium of infants who died from miscarriage or
soon after birth reported the presence of sulfate-conjugated bile acids in the meconium but
not in gallbladder bile, which suggests that their origin probably is mainly the amniotic fluid
swallowed by the fetuses [39]. Bile acid concentrations in amniotic fluid are 70-fold higher in
ICP pregnancies than in controls [40], and are also significantly higher in the meconium of
newborns from women with ICP than in controls [41]. This supports that enhanced colonic
motility could be involved in MSAF.

An easy and accurate method for calculating the degree of the risk of MSAF would be a use-
ful tool to help the obstetrician to take decisions regarding the management of ICP patients
based on the probability of facing fetal and neonatal complications. Consequently, cases with
moderate hypercholanemia but early onset of ICP must be closely monitored. The proposed
MREF is a novel index that has proved to be reasonably useful for its incorporation into the fol-
low up of these pregnancies. Moreover, the result from calculating MRF reflects the beneficial
effect on the fetus of treating ICP patients with UDCA. However, the actual accuracy of MRF
needs to be confirmed in further prospective studies.

PLOS ONE | https://doi.org/10.1371/journal.pone.0176504  April 24, 2017 12/15


https://doi.org/10.1371/journal.pone.0176504

@° PLOS | ONE

Prediction of meconium-stained fluid in ICP

Supporting information

S1 Table. History of adverse events in ICP patients with previous gestations >20 weeks.

(DOC)

$2 Table. Maternal serum biochemistry at diagnosis.

(DOC)

$3 Table. Univariate analyses of maternal serum biochemical parameters at diagnosis and
at delivery for meconium staining amniotic fluid (MSAF) in patients with intrahepatic

cholestasis of pregnancy.
(DOC)

Acknowledgments

The authors thank N. Skinner for revision of the English spelling, grammar and style of the

manuscript.

Author Contributions
Conceptualization: MCE JJGM RIRM.
Data curation: MCE MAF CO MD.
Formal analysis: MCE JJGM RIRM.

Funding acquisition: JJGM.

Investigation: MCE MAF CO MD JJGM RIRM.

Methodology: MCE CW JJGM RIRM.
Project administration: MCE JJGM RIRM.
Resources: MCE MAF CO MD.
Visualization: MCE CW JJGM RIRM.
Writing - original draft: MCE JJGM RIRM.

Writing - review & editing: MCE MAF CO MD CW JJGM RIRM.

References

1. Lammert F, Marschall HU, Matern S. Intrahepatic Cholestasis of Pregnancy. Curr Treat Options Gastro-

enterol. 2003; 6: 123-32. PMID: 12628071

2. Arrese M, Macias R, Briz O, Perez MJ, Marin JJ. Molecular pathogenesis of intrahepatic cholestasis of
pregnancy. Expert Rev Mol Med. 2008; 10: e9. https://doi.org/10.1017/S1462399408000628 PMID:

18371245

3. Martineau M, Raker C, Powrie R, Williamson C. Intrahepatic cholestasis of pregnancy is associated
with an increased risk of gestational diabetes. Eur J Obstet Gynecol Reprod Biol. 2014; 176: 80-5.
https://doi.org/10.1016/j.ejogrb.2013.12.037 PMID: 24462052

4. Marschall HU, Wikstrom Shemer E, Ludvigsson JF, Stephansson O. Intrahepatic cholestasis of preg-
nancy and associated hepatobiliary disease: a population-based cohort study. Hepatology. 2013; 58:
1385-91. https://doi.org/10.1002/hep.26444 PMID: 23564560

5. Wikstrom Shemer EA, Stephansson O, Thuresson M, Thorsell M, Ludvigsson JF, Marschall HU. Intra-
hepatic cholestasis of pregnancy and cancer, immune-mediated and cardiovascular diseases: A popu-
lation-based cohort study. J Hepatol. 2015; 63: 456—61. https://doi.org/10.1016/j.jhep.2015.03.010

PMID: 25772037

PLOS ONE | https://doi.org/10.1371/journal.pone.0176504  April 24, 2017

13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176504.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176504.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176504.s003
http://www.ncbi.nlm.nih.gov/pubmed/12628071
https://doi.org/10.1017/S1462399408000628
http://www.ncbi.nlm.nih.gov/pubmed/18371245
https://doi.org/10.1016/j.ejogrb.2013.12.037
http://www.ncbi.nlm.nih.gov/pubmed/24462052
https://doi.org/10.1002/hep.26444
http://www.ncbi.nlm.nih.gov/pubmed/23564560
https://doi.org/10.1016/j.jhep.2015.03.010
http://www.ncbi.nlm.nih.gov/pubmed/25772037
https://doi.org/10.1371/journal.pone.0176504

@° PLOS | ONE

Prediction of meconium-stained fluid in ICP

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Macias RI, Pascual MJ, Bravo A, Alcalde MP, Larena MG, St-Pierre MV, et al. Effect of maternal chole-
stasis on bile acid transfer across the rat placenta-maternal liver tandem. Hepatology. 2000; 31: 975—
83. hitps://doi.org/10.1053/he.2000.5921 PMID: 10733555

Perez MJ, Macias RI, Duran C, Monte MJ, Gonzalez-Buitrago JM, Marin JJ. Oxidative stress and apo-
ptosis in fetal rat liver induced by maternal cholestasis. Protective effect of ursodeoxycholic acid. J
Hepatol. 2005; 43: 324-32. https://doi.org/10.1016/j.jhep.2005.02.028 PMID: 15970352

Monte MJ, Morales Al, Arevalo M, Alvaro |, Macias Rl, Marin JJ. Reversible impairment of neonatal
hepatobiliary function by maternal cholestasis. Hepatology. 1996; 23: 1208—17. https://doi.org/10.1002/
hep.510230540 PMID: 8621155

Serrano MA, Macias R, Vallejo M, Briz O, Bravo A, Pascual MJ, et al. Effect of ursodeoxycholic acid on
the impairment induced by maternal cholestasis in the rat placenta-maternal liver tandem excretory
pathway. J Pharmacol Exp Ther. 2003; 305: 515-24. https://doi.org/10.1124/jpet.102.047977 PMID:
12606635

Perez MJ, Macias RI, Marin JJ. Maternal cholestasis induces placental oxidative stress and apoptosis.
Protective effect of ursodeoxycholic acid. Placenta. 2006; 27: 34—41. https://doi.org/10.1016/j.placenta.
2004.10.020 PMID: 16310035

Glantz A, Marschall HU, Mattsson LA. Intrahepatic cholestasis of pregnancy: Relationships between
bile acid levels and fetal complication rates. Hepatology. 2004; 40: 467—74. https://doi.org/10.1002/hep.
20336 PMID: 15368452

Geenes V, Chappell LC, Seed PT, Steer PJ, Knight M, Williamson C. Association of severe intrahepatic
cholestasis of pregnancy with adverse pregnancy outcomes: a prospective population-based case-con-
trol study. Hepatology. 2014; 59: 1482—91. https://doi.org/10.1002/hep.26617 PMID: 23857305

Brouwers L, Koster MP, Page-Christiaens GC, Kemperman H, Boon J, Evers IM, et al. Intrahepatic cho-
lestasis of pregnancy: maternal and fetal outcomes associated with elevated bile acid levels. Am J
Obstet Gynecol. 2015; 212: 100 e1-7.

Kawakita T, Parikh LI, Ramsey PS, Huang CC, Zeymo A, Fernandez M, et al. Predictors of adverse
neonatal outcomes in intrahepatic cholestasis of pregnancy. Am J Obstet Gynecol. 2015; 213: 570 e1—
8.

De Luca D, Minucci A, Zecca E, Piastra M, Pietrini D, Carnielli VP, et al. Bile acids cause secretory
phospholipase A2 activity enhancement, revertible by exogenous surfactant administration. Intensive
Care Med. 2009; 35: 321-6. https://doi.org/10.1007/s00134-008-1321-3 PMID: 18853138

Herraez E, Lozano E, Poli E, Keitel V, De Luca D, Williamson C, et al. Role of macrophages in bile acid-
induced inflammatory response of fetal lung during maternal cholestasis. J Mol Med (Berl). 2014; 92:
359-72.

Puljic A, Kim E, Page J, Esakoff T, Shaffer B, LaCoursiere DY, et al. The risk of infant and fetal death by
each additional week of expectant management in intrahepatic cholestasis of pregnancy by gestational
age. Am J Obstet Gynecol. 2015; 212: 667 e1-5.

Wensink MJ. The risk of infant and fetal death by each additional week of expectant management in
intrahepatic cholestasis of pregnancy by gestational age: various objections. Am J Obstet Gynecol.
2016; 215: 807-8. https://doi.org/10.1016/j.ajog.2016.07.033 PMID: 27448733

Lo JO, Shaffer BL, Allen AJ, Little SE, Cheng YW, Caughey AB. Intrahepatic cholestasis of pregnancy
and timing of delivery. J Matern Fetal Neonatal Med. 2015; 28: 2254-8. https://doi.org/10.3109/
14767058.2014.984605 PMID: 25371372

Friberg AK, Zingmark V, Lyndrup J. Early induction of labor in high-risk intrahepatic cholestasis of preg-
nancy: what are the costs? Arch Gynecol Obstet. 2016; 294: 709—14. https://doi.org/10.1007/s00404-
016-4019-8 PMID: 26825731

Bacq Y, Sentilhes L, Reyes HB, Glantz A, Kondrackiene J, Binder T, et al. Efficacy of ursodeoxycholic
acid in treating intrahepatic cholestasis of pregnancy: a meta-analysis. Gastroenterology. 2012; 143:
1492-501. https://doi.org/10.1053/j.gastr0.2012.08.004 PMID: 22892336

Papacleovoulou G, Abu-Hayyeh S, Nikolopoulou E, Briz O, Owen BM, Nikolova V, et al. Maternal chole-
stasis during pregnancy programs metabolic disease in offspring. J Clin Invest. 2013; 123: 3172-81.
https://doi.org/10.1172/JC168927 PMID: 23934127

Leslie KK, Reznikov L, Simon FR, Fennessey PV, Reyes H, Ribalta J. Estrogens in intrahepatic chole-
stasis of pregnancy. Obstet Gynecol. 2000; 95: 372—-6. PMID: 10711547

Pascual MJ, Serrano MA, EI-Mir MY, Macias RI, Jimenez F, Marin JJ. Relationship between asymptom-
atic hypercholanaemia of pregnancy and progesterone metabolism. Clin Sci (Lond). 2002; 102: 587—
93.

Estiu MC, Monte MJ, Rivas L, Moiron M, Gomez-Rodriguez L, Rodriguez-Bravo T, et al. Effect of urso-
deoxycholic acid treatment on the altered progesterone and bile acid homeostasis in the mother-

PLOS ONE | https://doi.org/10.1371/journal.pone.0176504  April 24, 2017 14/15


https://doi.org/10.1053/he.2000.5921
http://www.ncbi.nlm.nih.gov/pubmed/10733555
https://doi.org/10.1016/j.jhep.2005.02.028
http://www.ncbi.nlm.nih.gov/pubmed/15970352
https://doi.org/10.1002/hep.510230540
https://doi.org/10.1002/hep.510230540
http://www.ncbi.nlm.nih.gov/pubmed/8621155
https://doi.org/10.1124/jpet.102.047977
http://www.ncbi.nlm.nih.gov/pubmed/12606635
https://doi.org/10.1016/j.placenta.2004.10.020
https://doi.org/10.1016/j.placenta.2004.10.020
http://www.ncbi.nlm.nih.gov/pubmed/16310035
https://doi.org/10.1002/hep.20336
https://doi.org/10.1002/hep.20336
http://www.ncbi.nlm.nih.gov/pubmed/15368452
https://doi.org/10.1002/hep.26617
http://www.ncbi.nlm.nih.gov/pubmed/23857305
https://doi.org/10.1007/s00134-008-1321-3
http://www.ncbi.nlm.nih.gov/pubmed/18853138
https://doi.org/10.1016/j.ajog.2016.07.033
http://www.ncbi.nlm.nih.gov/pubmed/27448733
https://doi.org/10.3109/14767058.2014.984605
https://doi.org/10.3109/14767058.2014.984605
http://www.ncbi.nlm.nih.gov/pubmed/25371372
https://doi.org/10.1007/s00404-016-4019-8
https://doi.org/10.1007/s00404-016-4019-8
http://www.ncbi.nlm.nih.gov/pubmed/26825731
https://doi.org/10.1053/j.gastro.2012.08.004
http://www.ncbi.nlm.nih.gov/pubmed/22892336
https://doi.org/10.1172/JCI68927
http://www.ncbi.nlm.nih.gov/pubmed/23934127
http://www.ncbi.nlm.nih.gov/pubmed/10711547
https://doi.org/10.1371/journal.pone.0176504

@° PLOS | ONE

Prediction of meconium-stained fluid in ICP

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

placenta-foetus trio during cholestasis of pregnancy. Br J Clin Pharmacol. 2015; 79: 316—29. https://doi.
org/10.1111/bcp.12480 PMID: 25099365

Abu-Hayyeh S, Ovadia C, Lieu T, Jensen DD, Chambers J, Dixon PH, et al. Prognostic and mechanistic
potential of progesterone sulfates in intrahepatic cholestasis of pregnancy and pruritus gravidarum.
Hepatology. 2016; 63: 1287-98. https://doi.org/10.1002/hep.28265 PMID: 26426865

Sentilhes L, Bacq Y. [Intrahepatic cholestasis of pregnancy]. J Gynecol Obstet Biol Reprod (Paris).
2008; 37: 118-26.

Reyes H, Taboada G, Ribalta J. Prevalence of intrahepatic cholestasis of pregnancy in La Paz, Bolivia.
J Chronic Dis. 1979; 32: 499-504. PMID: 457835

Reyes H. Review: intrahepatic cholestasis. A puzzling disorder of pregnancy. J Gastroenterol Hepatol.
1997; 12: 211-6. PMID: 9142637

Glantz A, Marschall HU, Lammert F, Mattsson LA. Intrahepatic cholestasis of pregnancy: a randomized
controlled trial comparing dexamethasone and ursodeoxycholic acid. Hepatology. 2005; 42: 1399—405.
https://doi.org/10.1002/hep.20952 PMID: 16317669

Glantz A, Reilly SJ, Benthin L, Lammert F, Mattsson LA, Marschall HU. Intrahepatic cholestasis of preg-
nancy: Amelioration of pruritus by UDCA is associated with decreased progesterone disulphates in
urine. Hepatology. 2008; 47: 544-51. https://doi.org/10.1002/hep.21987 PMID: 17968976

Rioseco AJ, lvankovic MB, Manzur A, Hamed F, Kato SR, Parer JT, et al. Intrahepatic cholestasis of
pregnancy: a retrospective case-control study of perinatal outcome. Am J Obstet Gynecol. 1994; 170:
890-5. PMID: 8141222

Williamson C, Hems LM, Goulis DG, Walker |, Chambers J, Donaldson O, et al. Clinical outcome in a
series of cases of obstetric cholestasis identified via a patient support group. BJOG. 2004; 111: 676—
81. https://doi.org/10.1111/j.1471-0528.2004.00167.x PMID: 15198757

Hutton EK, Thorpe J. Consequences of meconium stained amniotic fluid: what does the evidence tell
us? Early Hum Dev. 2014; 90: 333-9. https://doi.org/10.1016/j.earlhumdev.2014.04.005 PMID:
24794305

Dargaville PA, Copnell B. The epidemiology of meconium aspiration syndrome: incidence, risk factors,
therapies, and outcome. Pediatrics. 2006; 117: 1712-21. https://doi.org/10.1542/peds.2005-2215
PMID: 16651329

Sargin Oruc A, Seckin B, Ozcan N, Ozyer S, Uzunlar O, Danisman N. Role of postprandial bile acids in
prediction of perinatal outcome in intrahepatic cholestasis of pregnancy. J Obstet Gynaecol Res. 2014;
40: 1883-9. https://doi.org/10.1111/jog.12444 PMID: 25056466

Geenes V, Williamson C. Intrahepatic cholestasis of pregnancy. World J Gastroenterol. 2009; 15:
2049-66. https://doi.org/10.3748/wjg.15.2049 PMID: 19418576

Kirwan WO, Smith AN, Mitchell WD, Falconer JD, Eastwood MA. Bile acids and colonic motility in the
rabbit and the human. Gut. 1975; 16: 894-902. PMID: 1193418

Naritaka N, Suzuki M, Sato H, Takei H, Murai T, Kurosawa T, et al. Profile of bile acids in fetal gallblad-
der and meconium using liquid chromatography-tandem mass spectrometry. Clin Chim Acta. 2015;
446: 76-81. https://doi.org/10.1016/j.cca.2015.04.008 PMID: 25887994

Heikkinen J, Maentausta O, Tuimala R, Ylostalo P, Janne O. Amniotic fluid bile acids in normal and
pathologic pregnancy. Obstet Gynecol. 1980; 56: 60—4. PMID: 7383489

Rodrigues CM, Marin JJ, Brites D. Bile acid patterns in meconium are influenced by cholestasis of preg-
nancy and not altered by ursodeoxycholic acid treatment. Gut. 1999; 45: 446-52. PMID: 10446117

PLOS ONE | https://doi.org/10.1371/journal.pone.0176504  April 24, 2017 15/15


https://doi.org/10.1111/bcp.12480
https://doi.org/10.1111/bcp.12480
http://www.ncbi.nlm.nih.gov/pubmed/25099365
https://doi.org/10.1002/hep.28265
http://www.ncbi.nlm.nih.gov/pubmed/26426865
http://www.ncbi.nlm.nih.gov/pubmed/457835
http://www.ncbi.nlm.nih.gov/pubmed/9142637
https://doi.org/10.1002/hep.20952
http://www.ncbi.nlm.nih.gov/pubmed/16317669
https://doi.org/10.1002/hep.21987
http://www.ncbi.nlm.nih.gov/pubmed/17968976
http://www.ncbi.nlm.nih.gov/pubmed/8141222
https://doi.org/10.1111/j.1471-0528.2004.00167.x
http://www.ncbi.nlm.nih.gov/pubmed/15198757
https://doi.org/10.1016/j.earlhumdev.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/24794305
https://doi.org/10.1542/peds.2005-2215
http://www.ncbi.nlm.nih.gov/pubmed/16651329
https://doi.org/10.1111/jog.12444
http://www.ncbi.nlm.nih.gov/pubmed/25056466
https://doi.org/10.3748/wjg.15.2049
http://www.ncbi.nlm.nih.gov/pubmed/19418576
http://www.ncbi.nlm.nih.gov/pubmed/1193418
https://doi.org/10.1016/j.cca.2015.04.008
http://www.ncbi.nlm.nih.gov/pubmed/25887994
http://www.ncbi.nlm.nih.gov/pubmed/7383489
http://www.ncbi.nlm.nih.gov/pubmed/10446117
https://doi.org/10.1371/journal.pone.0176504

Reproduced with permission of copyright owner.
Further reproduction prohibited without permission.



