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Abstract

Introduction:We aim to evaluate fetal cardiac function and umbilical cord 
blood pro-BNP (pro-brain natriuretic peptide) levels in ICP    (intrahepatic 
cholestasis of pregnancy).
Methods: The study included 41 ICP cases and 41 controls. All participants were 
evaluated after 34 weeks of gestation. The pro-BNP levels in umbilical cord blo-
od were assayed, and perinatal outcomes were compared between the groups.
Results: In the ICP group SBA (serum bile acid) and pro-BNP levels were 
higher than the control group (p<0.001 and p=0.001). The left MPI (myo-
cardial performance index) of ICP group was higher among the control 
group (p=0.043). A positive correlation was evaluated between the pro-
BNP levels and MPI values (p<0.001).
Conclusion: Both the high MPI values obtained via ultrasonog-
raphy and the high pro-BNP levels detected in umbilical cord blo-
od may be attributable to the adverse fetal cardiac effects of ICP.
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Introduction
  ICP (Intrahepatic cholestasis of pregnancy) is 

one of the specific liver diseases for pregnancy.1 This 
liver disorder is accompanied by pruritus and high SBA 
(serum bile acid) concentrations, and its incidence ran-
ges from 0.3–27.6%2,3. ICP typically develops during 
the late second and/or third trimester and is associated 
with an elevated risk of perinatal complications (e.g., 
premature birth, fetal distress, meconium-stained am-
niotic fluid, respiratory disorders, and stillbirth).3-4 The 
mechanism of ICP-associated stillbirths is unknow2-5
 However, the arrhythmic event is thou-

ght to cause intrauterine death and fetal cardiac 
dysfunction has been investigated in studies.6 In 
addition, an increase in pro-BNP (pro-brain nat-
riuretic peptide) levels has been observed and lin-
ked to heart failure and cardiac dysfunction.7-8
 In the present study, we aim to evaluate fetal car-

diac function and umbilical cord blood pro-BNP levels 
in pregnancies complicated by intrahepatic cholestasis. 

Material and Methods
 The prospective case-control study was con-
ducted in Ankara City Hospital between March 
1, 2021, and September 1, 2021. Approval for the 
study was obtained from Ankara City Hospital Ethi-
cs Committee with the decision number E2-21-166. 
Written consent was obtained from all participants. 
The study included 41 patients with ICP as the 
study group (ICP group) and 41 healthy pregnant 
women as the control group. ICP was diagnosed 
when SBA concentrations were >10 µmol/L in ma-
ternal blood serum. Patients with ICP were treated 
with UDCA (ursodeoxycholic acid) (750-1000 mg 
daily) upon diagnosis. All fetuses underwent cardi-
ac scanning at 20-22 weeks. Exclusion criteria were 
maternal chronic medical or heart disease, twin 
pregnancy, maternal tobacco use, fetal chromoso-
mal abnormality, and fetal anomaly. Gestational age 
was confirmed by first-trimester ultrasonography. 
Fetal 2D, PW (pulsed wave) Doppler, and M-mo-
de ultrasonographic evaluations were performed 
using a Voluson S10 (GE Medical Systems, So-
lingen, NRW, Germany) Ultrasound machine C1-
5-RS convex probe. The fetal cardiac function and 
morphology of all participants were evaluated after 
34 weeks of gestation. The cardiothoracic ratio (ob-
tained by dividing the heart circumference by the 
thoracic circumference), area of ventricles, vent-
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ricle wall thickness, interventricular septal thick-
ness, and SI (sphericity indices) were measured in 
four-chamber view at end diastole.9 The right and 
left ventricular areas were measured in the four-c-
hamber view by tracing of the endocardium. The 
SI is derived by calculating the ratio between the 
base-apex diameter and transverse length.10 Left 
MPI (myocardial performance index) shows both 
diastolic and systolic function as assessed by PW 
Doppler. The PR interval and the left MPI were 
measured in the junction between the mitral valve 
and the left ventricular outflow tract. The PR inter-
val was measured from the beginning of the mitral 
wave to the end of the left ventricular isovolumet-
ric contraction.11 The MPI was obtained as follows: 
((isovolumetric contraction time + isovolumet-
ric relaxation time) /ejection time), i.e., ((IVCT + 
IVRT) ÷ ET).12 Mitral and tricuspid annular plane 
systolic excursion (MAPSE/ TAPSE) were measu-
red in a four-chamber view by placing the cursor 
at the atrioventricular lateral annulus. Measuring 
the left MPI, MAPSE, and TAPSE, and the peak 
velocities of the pulmonary and aortic arteries eva-
luated for fetal cardiac systolic function.13 The mit-
ral and tricuspid E/A ratio is the ratio between E 
(early) and A (late) ventricular filling velocity for 
evaluation of the diastolic function of fetal heart.14 
Maternal and fetal demographic data, delivery 
details, and the cardiac parameters of the partici-
pants were compared between the study groups.
Umbilical cord blood serum was obtained and 
centrifuged for 10 minutes at 3,000 rpm af-
ter delivery. The Serum was frozen and sto-
red at -80 C. The umbilical cord blood proB-
NP levels were observed with a human proBNP 
ELISA kit (Elabscience, Houston, Texas).
 Statistical analysis was enforced using IBM 
SPSS Statistics 17.0 (IBM Corporation, Armonk, 
NY, USA). Descriptive statistics were given as 
mean ± standard deviation for numerical data with 
normal distribution or median and minimum-maxi-
mum values for numerical data which do not fol-
low a normal distribution. The normality of the 
variables was tested with both Shapiro–Wilk and 
Kolmogorov–Smirnov tests. Groups were compa-
red with The Student’s t-test and Mann-Whitney 
U test. The Spearman correlation test was used 
to investigate the strength of association betwe-
en pro-BNP values and MPI. A type-1 error be-
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low 0.05 was considered statistically significant.

Results 

  Forty-one cases of ICP and 41 control cases 
were recruited in the study. Table-1 shows demog-
raphic data of the study and there was no signifi-
cant difference. At the date of ultrasound and la-
boratory assessment, the mean gestational age of 
the participants in the ICP group was 36,6±1,3 and 
that of the control group was 37,1±1,4 (p=0,110).

Table 1. Baseline data and characteristics of the groups.

  Control group (n=41) ICP group (n=41) P-Values

Maternal age, years 29,8 ± 6,1  29,6 ± 6,1  0,738
BMI  27,7 ±6 ,2  28,5 ± 4,1  0,846
Smoking   2 (4,9%)  0   0,152
Nulliparity   12 (29,3)  13 (31,7)  0,810
Gestational age at  37,1 ± 1,4  36,6 ± 1,3  0,110  

ultrasound  and       
laboratuary assessment (week) 
ALT (IU/L)  16,4 ± 8,6  92,4 ± 12,0  <0,001
AST (IU/L)  16,4 ± 8,6  92,4 ± 12,0  <0,001
SBA at diagnosis 5,2 ± 0,4  22,3 ± 9,4  <0,001 
(µmol/L)
Pro-BNP (pg/mL) 117,7 ± 23,5  182,7 ± 78,1  0,001

 Data given as median (interquartile ran-
ge), mean ± SD, number, percentile (n,%). ICP: 
İntrahepatic cholestasis of pregnancy, BMI: 
Body mass index, ALT: alanine aminotransfera-
se, AST: aspartate aminotransferase, SBA: serum 
bile acid, pro-BNP: pro-brain natriuretic peptide.

 The alanine aminotransferase, aspartate 
aminotransferase, and SBA levels were increased 
among the ICP group than among the control group 
(p<0,001, p<0,001, and p<0,001, respectively). Furt-
hermore, umbilical cord blood pro-BNP levels were 
higher in the ICP group than in the control group 
(p=0,001). Perinatal outcomes are shown in Tab-
le-2. The average gestational age (in weeks) at deli-
very was 36,6±1,2 in the ICP group and 38,0±1,8 in 
the control group (p=0,001). In the ICP group, pre-
term delivery, birth weight, cesarean section rate, and 
neonatal intensive care needs were high (p=0,031, 
p=0,035, p=0,008, and p=0,043, respectively). The in-
dications for hospitalization of newborns in a NICU 
(neonatal intensive care unit) were prematurity, pol-
ycythemia, neonatal tachypnea, and sepsis. Stillbirth 
was not observed in either study or control groups.

Table 2. Perinatal outcomes of the groups.
  Control group (n=41) ICP group (n=41) P-Values

GA at delivery (weeks) 38,0 ± 1,8  36,6 ± 1,2  0,001
Meconium-stained  1 (2,4%)  3 (7,3%)  0,305  
amniotic fluid
Stillbirth   -  - 
Preterm delivery 9 (22%)  17 (44,7%)  0,031
Cesarean section rate  14 (34,1%)  26 (63,4%)  0,008
Indications of  7 (17,1%)6   (14,6%)
cesarean section
Previous cesarean1  (2,4%)  2 (4,9%)
Breech presentation1  (2,4%)  4 (9,8%)
Fetal distress 
Birthweight (g)  3044 ± 670  2944 ± 354  0,035
1-min Apgar score < 7 -  2 (4,9%)  0,152
5-min Apgar score < 7 - - 
Hospitalization in NICU 6 (14,6%)  13 (31,7%)  0,043
Composite adverse 6 (14,6%)  14 (34,1%)  0,038 
pregnancy  outcomes

 Data given as median (interquartile range), 
mean ± SD, number, percentile (n,%). ICP: İntra-
hepatic cholestasis of pregnancy, NICU: neonatal 
intensive care unit. Composite adverse pregnancy 
outcomes includes meconium-stained amniotic 
fluid, low APGAR score, fetal distress, and hospitali-
zation in NICU.

 Composite adverse pregnancy outcomes inc-
lude meconium-stained amniotic fluid, low APGAR 
score, fetal distress, and hospitalization in NICU. 
Composite adverse pregnancy outcomes were inc-
reased in the study group than in the control group 
(p=0,038). Fetal cardiac morphological assessments 
are shown in Table-3 and there was no difference 
between groups (p>0,005). 

Table 3. Fetal cardiac morphological assessment
  Control group ICP group  P-Values
        (n=41)       (n=41)     

Fetal heart rate       138 ± 23  143 ± 12  0,513
CTR       0,53 ± 0,02 0,53 ± 0,02  0,127
Cardiac axis angle                 42,9 ± 9,6 39,3 ± 8,6  0,119
Left sphericity index      1,63 ± 0,26 1,74 ± 0,35  0,105
Right sphericity index      1,53 ± 0,23 1,53 ± 0,32  0,809
Interventricular        3,3 ± 0,67 3,1 ± 0,54  0,623   
 septum (mm)
Left wall thickness (mm)       3,4 ± 0,59 3,2 ± 0,67  0,296
Right wall thickness (mm)     3,4 ± 0,57 3,3 ± 0,52     0,605
Left ventricular area       2,56 ± 0,53 2,53 ± 0,85  0,464  
(mm2)        
Right ventricular      2,44 ± 0,53 2,58 ± 0,96  0,616  
area (mm2)

Data given as mean ± SD. ICP: İntrahepatic choles-
tasis of pregnancy, CTR: cardiothoracic ratio.
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Table 4 shows functional changes in the fetal heart. 
The left MPI values were significantly higher in the 
study group than in the control group (p=0,043). 
The correlation between cord blood pro-BNP and 
left MPI data is presented in Table-5 and figure-1. 
A positive correlation was observed between the 
pro-BNP levels and left MPI values (p<0,001). 

Figure 1. Flow diagram of study and control 
groups.

  Control group (n=41) ICP group (n=41) P-Values

Aortic peak velocity (cm/s) 73,1  ± 18,7  72,6  ±16,6  0,792
Pulmonary peak 67,5  ± 16,6  63,8 ±17,3  0,358   
velocity (cm/s)
Left MPI  0,58 (0,42-0,91) 0,64 (0,40-1,02) 0,043
TAPSE (mm)  8,24 (4,48-12,30) 7,82 (4,70-12,00) 0,340
MAPSE (mm)  7,07 (3,70-12,30) 6,49 (4,00-10,70) 0,121
Tricuspit E/A  0,78 ±0,08  0,81  ± 0,09  0,169
Mitral E/A  0,77  ±0,08  0,73 ± 0,10  0,098
PR interval  123,5 ±15,6  127,1 ± 11,1  0,086

Table 4. Fetal cardiac functional assesment.

Data given as median (interquartile range), mean 
± SD. ICP: İntrahepatic cholestasis of pregnan-
cy, MPI: myocardial performance index, TAP-
SE: tricuspid annular plane systolic excursion, 
MAPSE: mitral annular plane systolic excursion.

Table 5. Correlation of cord blood pro-BNP values 
with MPI data.

                                       MPI 
   r value  p value
Pro-BNP  0,656  <0,001

Pro-BNP: pro-brain natriuretic peptide, MPI: myo-
cardial performance index r, Correlation coefficient, 
Significant values (p<0,05).

Discussion
 In the current study, we investigated 
fetal cardiac function and morphology in wo-
men with ICP. We detected higher left MPI 
values and pro-BNP levels in the ICP group, 
indicating impaired cardiac function. Further-
more, we observed a positive correlation betwe-
en the left MPI values and pro-BNP levels.
 Patients with ICP are considered to have 
a high-risk pregnancy, and ICP is associated with 
obstetric complications even caused by IUFD 
(intrauterine fetal demise)2,4. The etiology of 
IUFD is speculative, as studies have failed to 
prove its association with chronic hypoxia, and 
it is considered a sudden event2,11. In addition, 
clinical evidence suggests that IUFD is associ-
ated with the alteration of cardiac events7,8,15. 
Kotake et al. reported that bile acids affect the 
sinoatrial node by suppressing the nodal action 
potentials15. A prolonged fetal mechanical PR 
interval has been demonstrated in the fetuses of 
mothers with ICP14. Furthermore, a positive cor-
relation has been shown between fetal PR interval 
and disease severity16. In our study, the PR inter-
val was higher among the ICP group than in the 
control group, but the difference observed was not 
significant. However, we found an impairment 
in cardiac function. ICP is not only associated 
with fetal cardiac arrhythmias but it also causes 
increased myocardial and contractile complica-
tions14,17,18. Ozel et al. evaluated 40 women 
with ICP and 40 healthy controls. They observed 
ventricular dysfunction with high left MPI values 
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in the ICP group and found higher left MPI values 
related to adverse perinatal outcomes18. Sansal et 
al. observed higher left ventricular modified MPI 
(mod-MPI) values and lower E/A ratio values among 
the ICP group than the control group17. In the pre-
sent study, there are no significant differences in 
the mitral and tricuspid E/A ratios between the two 
groups. However, similar to other studies, we obser-
ved higher left MPI values among the ICP group. As 
fetal cardiac complications are considered the main 
pathology behind higher intrauterine fetal demise 
rate in ICP, higher MPI values showing both sys-
tolic and diastolic dysfunction may be important in 
the assessment of fetal well-being in these cases12. 
Fan et al. evaluated fetal cardiac function using dif-
ferent imaging techniques (e.g., velocity vector ima-
ging), and the results are indicative of cardiac impa-
irment8. The left ventricular longitudinal, systolic, 
and diastolic strain rates were significantly lower 
in the fetuses of patients with severe cholestasis 
compared to the controls. Furthermore, NT-proBNP 
(N-terminal pro-BNP) levels were significantly hi-
gher in the fetuses of the patients with ICP than the 
controls in the mentioned study8. Fetuses with con-
genital heart defects and intrauterine growth restri-
ction have elevated circulating NT-proBNP levels, 
especially when abnormal Doppler indices are pre-
sent. N-terminal proBNP has been used as an early 
indicator of intrauterine cardiovascular dysfunction 
and cardiac remodeling in some studies19,20. Mar-
kers such as pro-BNP, NT-proBNP, and cardiac tro-
ponin I in the umbilical cord blood were also used 
to evaluate heart failure and left ventricle systolic 
dysfunction8,9,21. In several studies, the umbili-
cal cord blood concentrations of troponin I and NT 
pro-BNP were higher in the ICP fetuses8,21. Also, 
Zhang et al. observed a positive correlation betwe-
en the concentrations of troponin I in the umbilical 
cord blood and fetal left ventricle MPI21. Among 
patients with obstructive jaundice, Padillo et al de-
monstrated that elevated BNP levels are associated 
with myocardial dysfunction. Internal biliary drai-
nage not only reduces BNP levels but also improves 
cardiac function22. Similarly, we observed higher 
pro-BNP levels among the ICP group than in the 
control group, and we found a positive correlation 
between pro-BNP levels and left MPI values. The 
present study supported the possible fetal cardiac 

impairment in ICP cases with both ultrasonographic 
and biochemical markers. To the best of our knowle-
dge, this is the first study in the literature evaluating 
the MPI values and cord blood pro-BNP levels in ICP.
We acknowledge that this study has limitations. First-
ly, cord NT-proBNP samples were not collected at the 
time of diagnosis, so the fetal cardiac function was 
compared with postnatal cord NT-proBNP in cases 
of ICP. There may be a difference between the cord 
NT-proBNP values at the time of diagnosis and the 
values measured after delivery. Secondly, our samp-
le size was small because the study was planned at 
a single center. On the other hand, the strength of 
our article is the prospective design of the study. In 
addition, we evaluated the level of cord NT-proB-
NP and evaluated fetal cardiac function in all cases.
Conclusion
 Functional assessment of the fetal heart refle-
cts fetal well being. Our study with ultrasonographic 
findings and biochemical data seems to support this 
situation. Future studies with a larger population may 
guide physicians for the timing of delivery in preg-
nancies complicated with ICP. Moreover, earlier dete-
ction of fetal cardiac dysfunction may decrease adver-
se pregnancy outcomes in this specific patient group.
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