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Introduction

The characteristic features of intrahepatic cholestasis of preg-
nancy (ICP) include abnormal liver function and maternal pru-
ritus that most frequently occur in the third trimester. Adverse 
fetal outcomes such as spontaneous pre-term labor, fetal 
distress, and even intrauterine death are frequently associated 
with ICP (1-3). The pathophysiology and epidemiology of fetal 
morbidity are not well characterized. Intrauterine death may 
occur without prior symptoms, such as uteroplacental insuf-
ficiency or intrauterine growth restriction, with no significant 
findings during fetal autopsy (4, 5). Non-specific pathology 
suggestive of hypoxia has been reported in placental histologi-
cal samples; however, hypoxia has not been established as a 
primary pathophysiological process in ICP (6). Several studies 
have reported that fetal complications of ICP occur more com-
monly in pregnancies where the mother displays elevated lev-
els of serum bile acids (7, 8). It is postulated that raised levels 
of fetal serum bile acids may be cardiotoxic to the fetus (9).
There are currently no methods present for predicting the 
risks for the fetus in pregnancies complicated with ICP. 

Abnormal heart rate (≤100 or ≥180 bpm) is associated with 
an elevated risk in some studies, although cardiotocograph 
monitoring cannot reliably predict the risk of complications, 
and normal cardiotographs are observed within 24 h of intra-
uterine demise (10-12). Furthermore, fetal heart rate tracing 
does not correlate with disease severity (13). The results 
of a study using the fetal biophysical profile and obstetric 
Doppler examination findings were not conclusive, mainly 
because of the absence of fetal mortality and morbidity in 
that series (14). However, there is very little information about 
whether changes of fetal cardiac Doppler parameters present 
in pregnancies complicated with ICP. The aim of this study 
was to evaluate whether some Doppler alterations exist at 
the examination of fetal cardiac and peripheral circulation in 
pregnancies complicated with ICP and to compare them with 
healthy pregnancies.

Material and Methods
 
This observational study was conducted with the approval 
of the Ethical Committee of Aegean Maternity and Teaching 
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Hospital, and the procedures followed were in accordance with 
the Declaration of Helsinki of 1975 (revised in 2008). All study 
participants provided informed consent.
​The study was conducted in the clinic of Aegean Maternity 
and Teaching Hospital between January 2013 and January 
2014. During the study period, there were 4037 normal vaginal 
and 2987 cesarean section deliveries, and 94 pregnant women 
with ICP were admitted to our hospital. The criteria that were 
used for diagnosing ICP were raised levels of serum bile 
acids (total bile acid level was ≥10 μmol/L) and/or pruritus 
coinciding with liver dysfunction during the third trimester 
(29-40 weeks), and the absence of skin lesions, and resolu-
tion of these symptoms following delivery. Elevated levels of 
liver alanine transaminase (ALT) and aspartate transaminase 
(AST) were used to confirm the diagnosis. Liver transaminase 
results exceeding 40 IU/L were considered abnormal (15, 
16). Abnormal liver function tests were followed-up with viral 
marker testing and liver ultrasonography. The presence of bili-
ary obstruction or gallstones during liver ultrasound or acute 
infection with hepatitis A, B, or C precluded the diagnosis of 
obstetric cholestasis. A medical history including pruritus in a 
prior pregnancy, outcome of prior pregnancies, skin disorders, 
liver/gall-bladder disorders, and use of oral contraceptives 
was obtained. For both patients and control subjects, exclu-
sion criteria consisted of known multiple gestation, systemic 
lupus erythematosus, age <18 and >40 years, and fetuses 
with a known cardiac anomaly or arrhythmia. Additional 
causes of liver dysfunction, including hemolysis, elevated liver 
enzymes and low platelets syndrome, preeclampsia, primary 
biliary cirrhosis, acute fatty liver, and progesterone or any 
other medications were considered as criteria for exclusion 
from the study. The presence of confounding characteristics 
including intrauterine growth retardation (fetal weight below 
10th percentile) and oligohydramnios (amniotic fluid index 
<50) were also considered as criteria for exclusion. 
Serum AST and ALT levels were measured using Roche 
methods on a Hitachi 917 Analyzer (Roche Diagnostics, Basel, 
Switzerland). Total levels of serum bile acids were analyzed 
with an enzymatic, colorimetric method (Enzabile, Biostat 
Diagnostic Systems, Stockport, UK).
Ursodeoxycholic acid (UDCA 2×300 mg daily) was provided 
to all patients when the diagnosis of ICP was confirmed. The 
daily dosage of UDCA was further increased up to 900 mg or 
to a maximum of 1.500 mg for patients with severe symptoms.
Twenty-two pregnant women with ICP were found to be in 
compliance with the criteria of the study period. For each case, 
two healthy pregnant controls were matched for maternal 
age and gestational age at ultrasound (±1 week). An a priori 
sample size calculation was performed with an α value of 0.05 
and a β value of 0.20 based on the estimated umbilical artery 
systolic/diastolic (UA S/D) ratio of 2.64±0.49 between 34 and 37 
gestational weeks. It was estimated that a total sample size of 
20 pregnant women would be required to reveal a difference of 
0.5 in the UA S/D ratio between the two groups. Therefore, we 
observed that the number of patients that we evaluated during 
the study period was sufficient for analysis.

Sonographic examinations
A color Doppler unit (Toshiba Aplio 500, Tokyo, Japan) with 
a 3.5-MHz convex probe was used to perform all ultrasono-
graphic measurements. Gestational age was determined based 
on fetal measurements and the date of last menstruation. The 
presence of congenital heart abnormalities was excluded by 
the ultrasonographic evaluation of fetal cardiac anatomy. 
The angle of the transducer beam relative to the direction of 
blood flow was maintained at <20° throughout Doppler ultra-
sonography, and the high-pass filter was set at 100 Hz. All car-
diac parameters were evaluated over 3-5 consecutive cardiac 
cycles and were stored for off-line analysis; a single investigator 
(S.K.) completed all measurements. All measurements were 
obtained in the absence of uterine contractions, fetal breathing, 
or other fetal movements, and the mother was positioned in the 
left lateral recumbent position. 
The Doppler measurement of UA was conducted at the umbili-
cal cord midsection. Insonation of the middle cerebral artery 
(MCA) occurred via the occipital or temporal bone window 
identified by the circle of Willis on the axial section of the brain. 
Resistance index (RI), pulsatility index (PI), and S/D ratio were 
evaluated for both UA and MCA.
The isthmus aortic peak systolic velocity (IAo PSV) was mea-
sured from either the sagittal longitudinal aortic view or three 
vessel trachea view with an insonation angle <30°. The atrioven-
tricular valves were imaged from the apical four-chamber view 
of the heart. Two diastolic peaks were used to characterize flow 
velocity at the tricuspid valve (TV) and mitral valve (MV), cor-
responding to active ventricular filling during atrial contraction 
(A-wave) and early ventricular filling (E-wave). The E/A ratio was 
calculated from the E-wave and A-wave peak velocities. 
​The pulmonary veins (PV) were visualized by color Doppler 
imaging, following the four-chamber cross-section imaging of 
the fetal heart and thoracic cavity. Sample volumes were placed 
above PV immediately dorsal to the entrance into the left atri-
um. The angle of the ultrasound beam relative to the direction 
of blood flow was maintained at <10°, and PI and peak velocity 
Index (PVI) were evaluated.
The study included patients admitted to the hospital with the 
diagnosis of ICP, and according to our hospital protocol, UDCA 
treatment was initiated to all patients. For this reason, Doppler 
sonographic assessment was performed on the ICP group after 
the administration of UDCA, and it was not possible to assess 
the effect of UDCA on Doppler parameters.
Fetal Doppler examination for cardiac circulation was con-
ducted once, and the results were compared with those of the 
control group. Fetal Doppler examination for peripheral circula-
tion was conducted weekly before 36 weeks and twice a week 
after that until delivery in the ICP group, and the results were 
compared with the reference range consistent with gestational 
age (17). Thus, 72 Doppler readings were taken from 22 patients 
with ICP at scheduled intervals during the study period.
Figure 1 represents a flow chart of the study design.

Statistical analysis
Depending on the distribution of the measured values, Student’s 
t test (data normally distributed) or Mann-Whitney U-test (data 
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not normally distributed) were used to compare data between 
the fetuses with ICP mothers and normal control groups using 
MedCalc Version 9.3.1 (MedCalc Inc., Mariakerke, Belgium). 
Normal distribution of the continuous variables was assessed 
with the Kolmogorov-Smirnov test. P<0.05 was considered 
statistically significant.

Results

Totally, 66 pregnant women were included in this study; 22 
pregnant women who had ICP comprised the ICP group and 
44 women without ICP comprised the control group. The mean 
maternal age was 26.4±5.5 years and 27.6±4.8 years for the ICP 
group and control group, respectively. The median gestational 
age was 34.7 (29-40) weeks and 33.5 (31-38) weeks for the ICP 
group and control group, respectively. There were no significant 
differences in maternal age, gestational age, and gravida and 
parity between the two groups. The mean serum AST level at 
diagnosis was 138.90±97.6 IU/L (range 41-477IU/L); the mean 
serum ALT level was 154.62±104.2 IU/L (range 39-498 IU/L) 
in the study group. The demographic characteristics of both 
groups are shown in Table 1.

There was no statistically significant difference in the E/A ratio 
for each AV valve in the aorta and pulmonary artery peak sys-
tolic velocities and IAo PSV values between the study and con-
trol groups. Additionally, there were no significant differences 
in pulmonary vein PI and PVI values between the study and 
control groups. Doppler-derived fetal cardiac measurements 
are shown in Table 2.
There was no statistically significant difference in the UA and 
MCA Doppler S/D ratio, PI, and RI. Obstetric Doppler measure-
ments are shown in Table 3.
When the findings were compared with the reference values of 
Doppler flow velocities of UA of a normal pregnant population, 
it was found that the S/D ratio readings were significantly above 
2 SD before 35 weeks of gestation (Table 4).
No episode of fetal asphyxia or bradycardia was observed. The 
overall rate of meconium passage was 27.2% (6/22) in the ICP 
group (p<0.01). Spontaneous preterm birth was observed in 
18.1% (4/22) of the ICP mothers. The mean gestational age was 
39.1 weeks in the control group and 36.4 weeks in the ICP group 
(p<0.01). The mean birthweight was 3460.5 g in the control 
group and 2987.2 g in the ICP group (p<0.01). The cesarean 
delivery rate was 54.5% (12/22) in the ICP group. The median 

Figure 1. A flow chart of the study design
ICP: intrahepatic cholestasis of pregnancy; UA: umbilical artery

Pregnant women chosen
according to inclusion

criteria

Source population was all
pergnant women with ICP who

were hospitalized during the
study period

n=94

Pergnant women with ICP and
who meet the study criteria were

examined for cardiac and
peripheral Doppler.

n=22

Peripheral Doppler was conducted
weekly before 36 weeks and

biweekly after that until delivery in
the ICP group.

n (Doopler results)=72

UA systolic/diastolic ratio
were compared with the

reference range
consistent with
gestational age.

For each ICP, two healthy
pregnant controls were

matched for maternal age
and gestational age at
ultrasound (±1 week)
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Apgar score was 8 at 1 min and 9 at 5 min. None of the new-
borns had an Apgar score <7 at 5 min (Table 5).

Discussion

In this study, we examined fetal cardiac and systemic circu-
lation using routine echocardiographic Doppler parameters 

which may add information regarding fetal circulatory dynam-
ics in women who have ICP.
Bile acids and their toxic metabolic by products are implicated 
for fetal morbidity associated with ICP. In animal models, bile 
acids may exert toxic effects on the myometrium and placenta. 
Elevated serum taurocholate, a bile acid within the fetus, may 
contribute to fetal dysrhythmia and intrauterine mortality. 
Taurocholate may impair the propagation of cardiac conduc-
tion and disrupt synchronous contraction via the interruption 
of calcium dynamics of the cardiomyocytes and alter the func-
tion of the gap junctions (8, 9). In another experimental animal 
study, investigators evaluated the influence of tauro-conjugated 
cholic acid administration on in vitro cultures of adult and neo-
natal rat cardiomyocytes and reported that neonatal rat cardio-
myoctes are more sensitive to adverse effects, including altered 
calcium dynamics, arrhythmias, and abnormal contraction, of 
bile acids relative to adult cardiomyocytes (18). These data are 
consistent with the observation that pregnant women with ICP 
do not have arrhythmia and cardiotoxic effects. It is not possible 
to investigate the effects of bile acids on the intact human fetal 
heart at a cellular level. However, it is postulated that if elevated 
bile acids are toxic on the fetal heart, there may be alterations in 
cardiac circulation and cardiac Doppler measurements.
In our study, we aimed to evaluate the fetal cardiac function 
using relatively simple Doppler measurements, which do not 
require special training and equipment. Based on this idea, we 
performed Doppler analysis to assess the diastolic function of 
the fetal heart using the E/A ratio of both mitral and tricuspid 
valves and pulmonary vein PI and PVI. Changes observed in pul-
monary vein flow velocity indicate left atrial pressure dynamics 
occurring during the cardiac cycle (19). Peak flow velocities of 
the aorta and pulmonary artery in pulsed Doppler pattern were 
evaluated for the systolic function of the heart. Additionally, for 
investigating the balance between both ventricular outputs and 
differences in the impedance of both vascular systems, we per-
formed aortic isthmus Doppler. We found no difference in the 
fetal cardiac and peripheral Doppler parameters between the 
two groups. A recent study evaluated fetal echocardiographic 
examinations of fetuses in pregnant women who have ICP (20). 
The researchers reported that the left ventricular longitudinal 
strain, systolic strain rate, and diastolic strain rate are signifi-
cantly decreased in fetuses with severe cholestasis compared 
with those in control fetuses. Furthermore, there was a positive 
correlation between fetal myocardial deformation and mater-
nal total bile acid levels.
Maternal prognosis is excellent in ICP, but there are significant 
risks for the fetus. We observed that both spontaneous and iat-
rogenic preterm labor, meconium-stained amniotic fluid, and 
neonatal unit admission ratio in the ICP group were significantly 
high than those in the control group. There are limited data 
regarding the association between obstetric Doppler and abnor-
mal fetal outcome in women who had ICP. Guerra et al. (21) 
concluded that there are no significant changes in any of the 
blood flow velocity indices determined by Doppler blood flow 
analysis in patients with obstetric cholestasis. Zimmermann et 
al. (22) determined the Pourcelot ratio in affected pregnancies 
with obstetric cholestasis and found Doppler to be of little value 

Table 1. Characteristics of the study group

Clinical 	 Control group	 ICP group 
characteristics	 n=44	 n=22	 p

Age (years)	 27.6±4.8	 26.4±5.5	 0.4

Parity	 1.8±0.9	 1.8±0.9	 0.9

Gestational age at 	 33.5±3.2	 34.7±3.4	 0.06 
examination (weeks)	

ALT (IU/L)	 22.1±3.4	 154.62±104.2	 <0.01

AST (IU/L)	 24.6±2.8	 138.90±97.6	 <0.01
Data are presented as mean±standard deviation. P<0.05 was con-
sidered statistically significant. 
ICP: intrahepatic cholestasis of pregnancy; ALT: alanine aminotrans-
ferase; AST: aspartate aminotransferase 

Table 2. Mean Doppler index values of Ao, Pa, Pv, tricuspid 
and mitral valves in ICP and healty pregnancies

Cardiac 	 Control group	 ICP group 
parameters	 n=44	 n=22	 p

Pa-PVI	 76.2±11	 82.5±13.1	 0.09

Ao-PVI	 88.7±14.1	 90.4±12.3	 0.51

Pv-PI	 1.01±0.1	 1.02±0.2	 0.69

Pv-PVI	 0.70±0.1	 0.72±0.1	 0.84

TV-E/A	 0.75±0.1	 0.74±0.1	 0.94

MV-E/A	 0.76±0.1	 0.79±0.1	 0.25

IAo-PSV	 104.01±14.3	 108.6±15.4	 0.36
Data are presented as mean±standard deviation. P<0.05 was con-
sidered statistically significant.
ICP: intrahepatic cholestasis of pregnancy; Pa-PVI: pulmonary artery 
peak velocity index; Ao-PVI: aortic peak velocity index; Pv-PI: pul-
monary vein pulsatility index; Pv-PVI: pulmonary vein peak velocity 
index; MV: mitral valve; TV: tricuspid valve; E/A: E- and A- wave peak 
velocity ratio; IAo-PSV: isthmus aortic peak systolic velocity 

Table 3. Mean Doppler index values of umbilical and mid-
dle cerebral arteries in ICP and healthy pregnancies

Fetal Doppler 	 Control group	 ICP group 
parameters	 n=44	 n=22	 p

MCA-PI	 1.77±0.4	 2.56±4.3	 0.48

MCA-RI	 0.80±0.08	 0.78±0.08	 0.39

MCA-SD	 6.1±2.9	 5.4±2.4	 0.35

UA-PI	 0.89±0.14	 0.92±0.17	 0.40

UA-RI	 0.59±0.06	 0.60±0.07	 0.31

UA-S/D	 2.53±0.45	 2.64±0.49	 0.32

Data are presented as mean±standart deviation. P<0.05 was consid-
ered statistically significant.
ICP: intrahepatic cholestasis of pregnancy; MCA: middle cerebral ar-
tery; PI: pulsatility index; RI: resistance index; S/D: systole/diastole; 
UA: umbilical artery
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in studying the disease-specific risk of fetal compromise. Suri 
et al. (23) found that there are some alterations in UA Doppler 
parameters in pregnancies complicated by ICP compared with 
those in the normal range, but Doppler parameters do not cor-
relate with the severity of disease and rates of preterm delivery 
or meconium-stained liquor. Doppler measurements of the 
fetal UA and MCA did not differ between the two groups in our 
study. S/D ratio readings in the ICP group were significantly 
above 2 SD before 35 weeks of gestation. Based on this data, it 
is claimed that the Doppler measurement of UA is useful in the 
monitoring of early onset intrahepatic cholestasis. 
The present study has several important limitations. First, the 
study group was limited to a small group of women; future 
studies will require a broader and more diverse study pool. 
Second, the patients were evaluated for cardiac circulation only 
once, and serial measurements may have revealed additional 
insights. Furthermore, all women who have ICP were treated 
with UDCA, which may modify the course of the disease.
In summary, sudden fetal death in women who have ICP is an 
important problem that remains poorly understood. Women 

who have obstetric cholestasis do not exhibit Doppler altera-
tions in fetal cardiac or systemic circulation. Further prospective 
studies with larger series are needed for defining fetal cardiac 
function in women who have ICP.
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