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Introduction

The determination of bile acids in women upon suspicion 
on intrahepatic cholestasis of pregnancy (ICP) is substantially 
important and it is gaining on significance these days [1]. ICP is a 
reverse form of cholestasis occurring in pregnancy with symptoms 
of dysfunction of liver [2]. It is the most common primary liver 
disorder in pregnant women, affecting about 0.5-1% of pregnancies 
[3-5] and associated with numerous adverse perinatal outcomes 
[6]. The fetus is threatened by arrhythmia or cardiac arrest and is 
endangered by the aspiration of meconium-stained amniotic fluid. 
This fetal distress may lead to premature birth [7,8]. Stillbirth 
complicates 0.83% of ICP. While the risk of stillbirth is increased 
in women with ICP, it is significantly greater than general  

 
population rates only when the concentration of serum bile acids 
exceeds 100μmol/L [6]. ICP is characterized by pruritus without 
any skin lesion that occurs in the late second to third trimester of 
pregnancy [9-11] and raised concentrations of maternal bile acid 
[2,3,9]. Usually, elevated liver transaminases are present [1,3,12]; 
2-10 times higher levels were observed in about 60% of patients 
with increased bile acids [12]. Hyperbilirubinemia is not present 
[11]. ICP has a multifactorial etiology [3,5]. The genetic influence 
is supported by increased rate of ICP found in some families and by 
difference in prevalence between ethnic groups. The main genes 
responsible are linked to bile acid excretion. Endocrine factors are 
involved as well because of increased serum levels of sulphonated 
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progesterone metabolites found in women with ICP mainly in 
the third trimester and are linked to disease severity [13]. Also, 
women with a history of allergic reactions were more likely to 
develop intrahepatic cholestasis of pregnancy [4]. Population-
based studies have highlighted environmental factors contributing 
to the disease, including reduced dietary selenium, low vitamin D 
and winter months [3,13]. This is supported by higher incidence 
of ICP (2.7%) in Iceland compared to the rest of the Europe (0.5%) 
[3].Upon suspicion of ICP, it is necessary to exclude viral and 
autoimmune causes of raised bile acids andamino transaminases 
[5,14]. However, it was showed that elevated hepatitis C viral load 
does not influence bile acids level and the fetal left ventricular Tei 
index [15]. Increased transport of bile acids from mother with ICP 
to fetus is proved by elevated level of bile acids in amniotic fluid, 
umbilical vein, and meconium. Cholic and chenodeoxycholic acids 
pass through placenta and have toxic influence on the fetus and 
placenta as well [9]. There is a positive correlation between the 
concentration of bile acids in the umbilical vein [16,17] and the 
damage of placenta in ICP [16]. According to the literature, ICP 
could be divided into an early-onset (< 33-34 gestational week) 
and a late-onset (≥ 33-34 gestational week) [18,19]. Adverse 
pregnancy or fetal outcomes and preterm birth affect significantly 
more patients with the early-onset ICP [18]. Another criterion of 
how to divide women with ICP is into mild, moderate, and severe 
groups (bile acids concentration 10-39, 40-99 and >100µmol/L 
resp.). It has been published that the gestational age at diagnosis 
and at delivery were significantly lower in the severe ICP group, 
as compared with the mild one.Also, meconium-stained fluid 
(47.6%), and perinatal death (9.5%) occurred significantly more 
often in cases with severe ICP [17]. Contemporarily, the common 
treatment of ICP is a dosage of a naturally hydrophilic bile acid - 
ursodeoxycholic acid (UDCA), which leads to a decreased amount 
of bile acids and a reduction in total preterm births [20,21]. The 
possible effect of UDCA includes improved bile acids transportation 
and detoxification, cyto protection, and antiapoptotic effect [22]. It 
was also reported that UDCA stimulates hepatobiliary secretion of 
bile acids and prevents cholestasis induced by hydrophobic bile 
acids [23]. The bile acids concentration had been quickly lowered 
under 10μmol/l in treated women, but their liver function and bile 
acid profiles were still not back to normal [20]. Not all pregnant 
women with pruritus are diagnosed with ICP. Part of them has 
no liver damage and no elevated bile acids till the delivery. The 
pruritus in these cases is a benign condition without complications 
for the mother and fetus, called benign pruritus gravidarum 
[4,24,25]. As the level of bile acids changes during pregnancy, 
it must be considered, that part of those women later develop 
abnormal bile acids results, and their diagnosis is changed to ICP 
[4]. On the other hand, even with increased serum bile acid levels, 
the pruritus is not sometimes present. Feng´s study recorded 
that asymptomatic pregnant women with increased serum bile 
acid levels at least two times during pregnancy were at similar 
or higher risk of stillbirth than patients with typical ICP [26]. The 
most appropriate biologic material for the determination of bile 
acids is fasting serum as was found in a study comparing results 

after fasting and glucose load with an approximate 2µmol/L 
difference [27].A frequent method for the analysis of total bile 
acids is enzymatic photometry with thio-NAD or nitro tetrazolium 
blue chromophore. POCT bile acids biosensors are also developed 
and described in the literature. To gain the profile of individual 
bile acids, HPLC, HPLC-MS, GC-MS [1] or capillary electrophoresis 
[28] was used. By HPLC MS/MS spectroscopy, it was discovered 
that the unconjugated bile acids were decreased in women with 
ICP and taurin conjugates and glycin conjugate bile acids were 
increased (taurocholic acid, tauro- α  -muricholic acid and tauro- 
ω  -muricholic acid) [20]. Similar results have been reached and 
described in other study [29]. It was also published that lithocholic 
acid and ursodeoxycholic acid/ lithocholic acid ratio could provide 
better and more accurate information for the diagnosis of ICP than 
total bile acids levels [28]. The aim of this retrospective study was 
to statistically evaluate the influence of bile acids concentrations 
on diagnoses and week of delivery. Response to treatment in a 
group of pregnant women with suspected ICP was described. 

Materials and Methods

In this retrospective study, serum levels of bile acids in a 
group of 217 singleton pregnant women with suspicion to ICP 
were analyzed. The samples were collected at the Department 
of Gynecology and Obstetrics from July 2016 to April 2019 
and measured at the Department of Clinical Biochemistry. For 
illustration, in the same period, the total of 18370 deliveries were 
performed in the hospital. The diagnosis of the ICP was confirmed 
by a gynecologist according to the typical clinical symptoms and 
pathology in biochemical parameters (increased bile acids, AST, 
ALT, ALP).The bile acids analyses were performed repeatedly 
over the course of patient’s treatment, so only the sample with 
the highest bile acids concentration was selected for the first part 
of statistical evaluation. The second part of statistical evaluation 
studying the hepatoprotective treatment effect utilized data from 
all patient’s samples.Out of the 217 observed pregnant women, 
there were 99 cases of women with ICP, while the group with other 
diagnosis counted 118 cases. This second group included women 
with benign pruritus gravidarum (PG), women with ICP or other 
problems in previous gravidity, individuals with preeclampsia 
or abnormal hepatic function test results due to other causes. 
The bile acids determination in serum samples was carried out 
on clinical chemistry module c502 of cobas 8000 (F.Hoffman-La 
Roche Ltd., Basel, Switzerland; further as Roche) by enzymatic 
photometric assay Bile Acids from Dialab (Dialab Produkten und 
Laborinstrumenten Gesellshaft m.b.H, Wiener Neudorf, Austria). 
The principle of the method is based on photometric cyclic 
enzymatic reaction of bile acids with Thio-NAD in presence of 
enzyme 3-α-hydroxysteroid dehydrogenase (3- α  -HSD) [30]. 
Reference range according to the reagent’s manufacturer is 0 - 
10 [µmol/L]. Further details about methodologies are given in 
Dialab insert for the test [30]. Statistical analysis were performed 
with a statistical software Medcalc (MedCalc Software, Ostend, 
Belgium), version 9.3.2.0. The data in groups of pregnant women 
with and without ICP were compared by Mann-Whitney tests 
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and a receiver operating characteristic (ROC). The correlation 
among bile acids and ALT, AST respectively ALP were calculated 
by Spearman’s coefficients (202 women), as normality of the 
values distribution was rejected by D’Agostino-Pearson test. 
The Spearman’s coefficients were calculated only for the group 
of 202 women as in some of the cases the ALT, AST and ALP 
concentrations were not known (patients from other health care 
facilities who were measured for bile acids only in our hospital). 
All P values were two-tailed. An independent t-test was used to 
inspect a possible difference in week of delivery in dependence 
on bile acid concentration. A total of 87 women (as 13 women 
did not give birth in our hospital, so their data could not be used) 
were divided into two groups, first with bile acids ≤ 40 µmol/L 
and second with bile acids > 40µmol/L [31].Normality of data was 
verified by a D’Agostino-Pearson test and arithmetic means and 
medians of both groups were established. The course and effect 
of treatment by hepatoprotectives such as Essentiale, Urosan and 
Transmetyl, in different combinations, was monitored on a group 
of 35 pregnant women in which the bile acids were measured 
repeatedly during pregnancy. The level of bile acids was analyzed 
2-11x within this group and results were divided into four groups 
according to reaction to the treatment. The study was performed 
in accordance with the Declaration of Helsinki, institutional 
policies and has been approved by the local Ethical Committee – 

No. 02-090119/EK. 

Result

Medians and confidence intervals of bile acids for group 
of pregnant women with and without ICP are given in (Table 
1).The median of serum concentration of women with ICP 
were significantly higher than that of the women with other 
diagnosis. In the (Figure 1&2), there can be seen different effect 
of hepatoprotectives as Essentiale, Urosan and Transmetyl 
on individuals with ICP. The total of 35 monitored individuals 
was divided into 4 groups. In group A the decrease of bile acids 
concentration was observed since the treatment started. In some 
cases, bile acid concentration increased in a few weeks again 
despite the treatment. In group B patients got hepatoprotectives 
due to increased values of ALT and AST or/and pruritus only. 
At this moment bile acids were in reference range and slightly 
increased later. In group C we have seen an increase of bile acids 
concentration, often dramatic in course of 1-3 weeks of therapy. 
Group D had individuals whose concentration stayed even (with 
pathologic values) for few weeks, in some cases followed by a 
rather small increase. Out of 35 women, only 27 had pruritus at 
least in some week of pregnancy. Three of them had meconium-
stained amniotic fluid (one of groups A, B and C).

Table 1: Comparison of a group of women with ICP and a group of other pregnant women.

Concentration [µmol/L]
Median and 95% Interval of Confidence

P

Women with ICP (N=99) Others (N=118)

Bile acids 23.4 (19.5-28.2) 3.7 (3.0-4.2) <0.0001

Figure 1: ROC curve for the bile acids discriminating women with ICP and with other diagnosis. 

Group of pregnant women - 99 with ICP, 118 others: AUC = 0.942, P<0.0001.
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Figure 2: The division of individuals according to dynamics of concentration of bile acids after beginning of treatment by hepatoprotectives.
A: Decrease.
B: Small increase from normal values.
C: Increase (often dramatic) in 1-3 week.
D: Even for few weeks.

Table 2: Correlation between levels of bile acids and others biochemical parameters (202 individuals).

Parametr Spearman’s Coefficient of Rank Correlation (rho) Significance Level

ALT 0.674 (95% CI, 0.591 – 0.743) P<0.0001

AST 0.696 (95% CI, 0.618 – 0.761) P<0.0001

ALP 0.575 (95% CI, 0.474 – 0.660) P<0.0001

Discussion

Whereas the determination of bile acids for pregnant women 
with suspicion to ICP (individuals with pruritus or pathological 
transaminases) is relatively commonly used in practice, the 
statistical evaluation as presented in this article was not, according 
to our knowledge, yet presented.The Mann-Whitney test points to 
a great difference of means of bile acids concentration between 
the group of women with ICP (23.4 µmol/L) and the group of 
women with other diagnosis (3.7µmol/L) showing statistical 
significance with P<0.0001. The ROC analysis showed steep 
curve with excellent value of AUC (0.942). The counted ideal 
associated criterion (limit value between negative and positive 
outcome of the test) of 9.2µmol/L is quite close to reference range 
mentioned in the method insert (0-10µmol/L) [30]. We suspect 
that the results could be even better as some patients were 
already getting hepatoprotectives from their gynecologists right 
after reaching increased transaminases values and/or pruritus, 
before they arrived at our hospital. In these cases, the bile acids 
were measured at the hospital at a time when they could already 
be decreased. In group of pregnant women with other diagnosis, 
the individuals with pruritus but no liver damage and no elevated 
bile acids were observed till the delivery. In one case the pruritus 
was caused by dermatitis, other cases fill the described condition 
called benign pruritus gravidarum [4,24].A fair correlation 
between bile acids concentrations and ALT, AST and ALP levels 

was found – see (Table 2 & 3).The best correlation of bile acids 
was with AST - Spearman’s coefficient of 0.696. Results show that 
the bile acids are better than ALT, AST, and ALP for the diagnosis 
of ICP.The disadvantage of using ALT and AST for diagnosis 
determination of ICP is that the transaminases can be elevated 
also by other reasons than ICP as preeclampsia, chronic hepatitis, 
autoimmune hepatopathy. According to literature [12], 2-10 times 
higher levels of ALT, AST were observed in about 60% of patients 
with increased bile acids. In our study, all women with ICP had 
increased transaminases; only 10% of them less than twice the 
upper value of their respective reference ranges.The ALP values 
are physiologically elevated in II. and III. trimester due to the 
production of placental isoenzyme and it is generally considered 
to be of no great diagnostic importance to ICP [12]. On the other 
hand, compared to normal pregnancy, the ALP values are even 
more elevated in the case of ICP according to guideline of national 
gynecological and obstetric society (CGOS) and our observations. 
The difference in the week of delivery between group with bile 
acid to 40µmol/L and group with bile acids > 40µmol/L, which 
is about 1 week, is relatively small, but significant. Results are 
influenced by ICP treatment and by the fact that, in accordance 
with CGOS guideline, most deliveries are induced after the end 
of 37 week of gestation in women with ICP even if the treatment 
is successful. It corresponds to UK practice, as most cases there 
undergo induction of labor at week 37-38 as this is considered 
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to balance the effects of prematurity against risk of fetal demise, 
which is greatest between 37 and 39 weeks of gestation [9]. It 
is generally known that after a beginning of hepatoprotective 
treatment, in some cases bile acids levels continue to increase. 
In this study we observed mostly either decreased or unchanged 
concentration of bile acids, but in almost 24% of cases, there 
was a rapid and significant increase of bile acids concentration 
at the next measurement, despite the treatment. Among others, 
in this group there was one case of meconium-stained amniotic 
fluid and one case of silent fetus outcome (this was the only case 
in all tested pathologic group of 217 with an outcome of silent 
fetus despite treatment, monitoring and decrease of bile acids 
value to 22µmol/L). Individual groups are too small to make a 
conclusion, but the described possible reactions to treatment 
should be considered. Responses to the treatment may be affected 
by the severity of ICP, a week of pregnancy when the disease 
occurs and by the combination of hepatoprotectives. This implies 
that monitoring of bile acids levels is very important even after 
a treatment is applied. In some cases, the considerable decrease 
of bile acids and even transaminases values were observed in 
1-3 weeks of the treatment, where the concentration could reach 
normal values. But a decrease of ALT and AST values usually 
steadied at values of 1-2µkat/L. Although the hepatoprotectives 
has a great significance, the decrease or even return of bile acids 
values to normal does not mean that the women are without risk, 
based on both literature [20] and our observations. Values of bile 
acids are also not 100% specific, as they are increased in patients 

with cholecystolithiasis or cholestasis, but in the observed group 
of 227 individuals was only 1 with increase bile acids from other 
reason than ICP. The cause was cholecystolithiasis, a rare diagnosis 
in pregnant women. Within the group with other diagnosis than 
ICP, individuals with only preeclampsia had normal bile acids. 
We found 4 cases within the ICP group, where preeclampsia and 
ICP was combined. As mentioned in the chapter Materials and 
methods, twin pregnancy were not included to the study, although 
according to our observation, in healthy pregnancy the levels of 
bile acids stay in normal values, independently on the number 
of fetuses. Unfortunately, we had not enough cases to prove this 
claim which can be a subject for further study.Another topic that 
would be interesting to further investigate in the future are normal 
values of bile acids in umbilical cord. In the literature, there is 
only information about positive correlation between levels of bile 
acids in serum and the umbilical vein and finding that values in 
umbilical cord blood are significantly lower [15].Exact reference 
ranges for umbilical cord blood are not published according to 
our knowledge yet. In conclusion bile acids are very good and 
useful diagnostic parameters for ICP. They are superior to the less 
specific ALT, AST, and pruritus presence as well. Although results of 
analysis of individual bile acids in literature [26,28,29] clarify the 
mechanism of ICP in the important and interesting way, according 
to our experiences, total bile acids measurement is sufficient in 
routine practice and correlates well with the patient’s condition. 
Our results supported bile acids importance and uniqueness.

Table 3: Difference in medians and means of week of delivery between two groups of women in dependence on their bile acids concentrations 
(treshold value = 40µmol/L).

N  Concentration [µmol/L] Week of Gravidity at Delivery 

 Bile Acids  Median  Arithmetic Mean

59 ≤ 40  38+1 (95% CI, 37+4 – 38+6) 38+1 (95% CI, 37+4 – 38+4) 

28 > 40  37+2 (95% CI, 36+4 – 37+6)  36+7 (95% CI, 36+2 – 37+5) 
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