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Abstract

This study aims to evaluate cardiac function in cases of intrahepatic cholestasis of pregnancy (ICP) and compare results with
those from healthy controls using the fetal left ventricular modified myocardial performance index (LMPI) and E-wave/A-
wave peak velocities (E/A ratio). Moreover, the association between LMPI values, total bile acid (TBA) levels, fetal Doppler
measurements, and adverse neonatal outcomes was evaluated. A prospective cross-sectional study of 120 pregnant women
was conducted, with 60 having ICP and the other 60 serving as controls. Doppler ultrasound and two-dimensional gray-scale
fetal echocardiography were used to calculate the LMPI values and E/A ratios, respectively. The association between LMPI
values and TBA levels, fetal Doppler measurements, and adverse neonatal outcomes was evaluated. Fetal LMPI values were
significantly higher in the ICP group than in the control group (0.54 +0.54 vs. 0.44+0.03; p <0.001), but the E/A ratio was
similar in both groups (0.69 +0.10 vs. 0.66 +0.14; p=0.203). TBA levels were positively and significantly correlated with
LMPI values (r=0.546, p <0.01); however, no significant correlation was found between umbilical arterial pulsatility index
values and LMPI values (r=0.071, p>0.01). LMPI values were not associated with adverse neonatal outcomes in ICP cases.
Fetal cardiac function (LMPI) is associated with increased bile acid levels in ICP. However, because it was not associated
with adverse neonatal outcomes in ICP cases, the clinical significance of this finding is unclear. Further studies are required
to evaluate the implications of increased LMPI.
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Introduction pregnancies and varies according to geography and ethnicity
[1, 3]. Although the underlying etiology includes hormonal,
environmental, and genetic influences, clinical findings are
associated with increased serum TBA levels [4]. The impor-
tance of the disease derives from its association with adverse

perinatal outcomes. It causes adverse perinatal outcomes, such

Intrahepatic cholestasis of pregnancy (ICP) is a pregnancy-
related liver disease that causes maternal pruritus and elevated
liver enzymes and bilirubin levels. It is characterized by high
serum total bile acids (TBAs) [1, 2]. It affects 0.4-15% of
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as spontaneous preterm birth, fetal distress, meconium-stained
amniotic fluid, and stillbirth. These outcomes are associated
with increased maternal serum TBA levels [5, 6]. Although
the mechanism of the increase in bile acid levels and adverse
perinatal outcomes is not fully understood, it was emphasized
that high bile acids might cause stillbirth via cardiac rhythm
abnormalities or placental vascular vasospasm and spontane-
ous preterm delivery via oxytocin receptors [2, 5].

The myocardial performance index (MPI) is a Doppler
index that measures ventricular myocardial systolic and
diastolic performance. It is not influenced by heart rate and
ventricular geometry. First, Tei et al. [7, 8] defined and pro-
posed a global cardiac function predictor. MPI is calculated by
dividing the sum of isovolumetric relaxation time (IRT) and
isovolumetric contraction time (ICT) by ejection time (ET).
This index is increasingly being used as a monitoring tool to
identify abnormalities in fetal cardiac function in complicated
pregnancies, such as those involving mothers with diabetes or
preeclampsia or fetuses with growth restrictions [9, 10]. How-
ever, due to wide variations in normal reference values, which
are assumed to be caused by the absence of distinct landmarks
in Doppler waveforms, many authors have suggested various
adjustments [11, 12]. Hernandez-Andrade et al. introduced
the modified myocardial performance index (mod-MPI), an
alternative technique with improved interobserver reproduc-
ibility. The three time periods used for MPI are revealed using
clicks of the mitral valve (MV) and aortic valve (AV) opening
and closing [13]. Mod-MPI is simple to obtain and replicate.
Therefore, studies have been conducted in recent years to
determine fetal cardiac dysfunction in complicated pregnan-
cies and predict perinatal outcomes [14—17].

Previous studies have shown that mod-MPI rises as an
indicator of cardiac dysfunction in diseases associated with
increased placental vascular resistance, such as preeclamp-
sia and fetal growth retardation [14, 15, 17]. Furthermore,
recent studies have found that mod-MPI increases ICP and
may predict adverse perinatal outcomes. It has been pro-
posed that the cardiotoxic effect of increased bile acids may
cause fetal cardiac dysfunction in ICP [18-20]. Bile acids
accumulate in the cardiac conduction system and may lead
to arrhythmias. Additionally, it can cause cardiac hypertro-
phy, cardiomyocyte apoptosis, and abnormal heart hemody-
namics [21]. Therefore, we aimed to evaluate fetal cardiac
function using mod-MPI measurements in ICP cases and the
association of mod-MPI values and TBA levels, fetal Dop-
pler measurements, and adverse neonatal outcomes.

Materials and methods
This prospective case—control study was conducted on preg-

nant women at the Perinatology Department of a tertiary
center in Turkey between January 1, 2020, and December 31,
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2021. The study protocol was approved by the Local Insti-
tutional Ethics Committee (approval number: 2020/14-45),
and informed consent was obtained from all participants.

The study includes pregnant women with ICP and who
gave birth in our hospital between the pertinent dates.
Based on the presence of pruritus and increased TBA levels
(=10 pmol/L), ICP is diagnosed [22]. According to TBA
levels, ICP severity was classified as mild between 10 and
40 pmol/L and severe above 40 pmol/L. Ursodeoxycholic
acid (10-15 mg/kg/day) was administered to all pregnant
women with ICP. In ICP cases, delivery was decided after
37 weeks of gestation if no complications might affect fetal
well-being or cause maternal morbidity. By computerized
randomization, pregnant women who delivered in the same
period and had no chronic disease were selected as con-
trols for each patient. The exclusion criteria for the ICP and
control groups were in vitro fertilization, multiple pregnan-
cies, congenital fetal malformations, fetal growth retardation
(sonographic estimated fetal weight less than 10th percen-
tile), and maternal comorbidities (hypertensive disorders,
gestational and pregestational diabetes mellitus, and liver
disease).

Ultrasound assessment was performed without fetal
movements using a Samsung Ultrasound System HS70A
(Samsung Medison Company, Republic of Korea) equipped
with an abdominal 4-8-MHz curvilinear transducer. All
sonographic examinations and fetal and left ventricular
modified MPI (LMPI) measurements were performed at
the initial referral of the cases. Measurements were taken
by two experts (I1.O. and T.D.). Each observer calculated
LMPI values twice in the same fetus. The measurements
were performed offline from video recordings by a second
observer who was unaware of the results of the first exami-
nation to test the interobserver variability. Fetal biometry
and umbilical artery (UA) Doppler were measured, and
biophysical scoring evaluated fetal well-being. For the
calculation of LMPI, a cross-sectional image of the fetal
thorax was obtained at the four-chamber view level with
the apical projection of the heart with the Doppler sample
opened to 3—4 mm and placed in the internal leaflet of the
MV. Due to the proximity of this position to the AV, clicks
of both valves corresponding to opening and closing were
recorded. The insolation angle was kept at 0-30. The wall
motion filter was calibrated at 300 Hz. Doppler sweep veloc-
ity was calibrated at 5 cm/s. The time cursor was positioned
at the beginning of each Doppler click to create three time
periods. ICT, ET, and IRT were the measurements used to
determine the times from the beginning of MV closure and
the opening of the AV (Fig. 1). The (ICT +IRT)/ET equation
was used to determine the LMPI. The LMPI measurement
demonstrated high intraobserver [ICC 0.89 (0.75; 0.98)] and
interobserver [ICC 0.81 (0.61; 0.98)] agreement levels. The
E wave is caused by premature ventricular filling, whereas
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the A wave is caused by active atrial filling. By plotting the
peak velocities of these two waves, the E/A was calculated.
The E/A ratio measurement demonstrated high intraobserver
[ICC 0.92 (0.79; 0.98)] and interobserver [ICC 0.84 (0.65;
0.98)] agreement levels.

Maternal characteristics, laboratory findings, ultrasono-
graphic measurements, and perinatal outcomes were com-
pared in both groups. A composite adverse neonatal outcome
was defined as the presence of at least one of the following
findings: respiratory distress syndrome (RDS), hyperbiliru-
binemia, sepsis, infection of unknown origin, and neona-
tal intensive care unit (NICU) admission. The correlation
between TBA levels and UA doppler and LMPI measure-
ments in ICP cases was examined. Furthermore, the associa-
tion between adverse neonatal outcomes and LMPI values
in ICP cases was evaluated.

Statistical analysis

Data were analyzed using Statistical Package for the Social
Sciences version 26.0 (IBM Corporation, Armonk, NY).
Normality distribution was determined using the Shap-
iro—Wilk test and histogram graphs. The Student’s ¢ test was
used to compare paired groups for normally distributed data.
For non-normally distributed data, the Mann—Whitney U test
was used to compare paired groups, and the Kruskal-Wallis
H test was used to compare triple groups. The homogeneity
of the variances was checked in the significance sub-analysis
of triple groups to determine which groups differed. Because
the variances were homogeneous, the Scheffe test, one of
the post hoc multiple comparison tests, was used. For cat-
egorical variables between groups, the chi-square test was
used. The predictive performance of mod-MPI for adverse

Fig. 1 Isovolumetric contraction time (ICT), ejection time (ET), iso-
volumetric relaxation time (IRT), E wave and A wave peak velocities
in fetal echocardiographic examination

neonatal outcomes was evaluated using receiver operating
characteristic (ROC) curves. Spearman's correlation test was
used to evaluate the correlation between groups. The inter-
observer and intraobserver difference was calculated using
the intraclass correlation coefficient. p <0.05 was considered
significant for results.

Results

The study included 120 pregnant women, 60 with ICP and
60 controls. The maternal characteristics, laboratory find-
ings, and perinatal outcomes of both groups are shown in
Table 1. The mean maternal age was significantly higher
in the ICP group (29+6 vs. 25+5, p<0.001). Gestational
weeks were similar in both groups when measured using
ultrasound (31 +4 vs. 30+5, p=0.693). The control group
had a significantly higher mean week of delivery (36 +1
vs. 38+2, p<0.001). Mean birth weight was significantly
higher in the control group (p =0.002). Non-reassuring fetal
heart rate tracing and primary cesarean delivery rates were
significantly higher in ICP cases (p=0.008 and p=0.005,
respectively). The ICP group had significantly higher
adverse perinatal outcomes, such as meconium-stained
amniotic fluid, non-reassuring fetal heart rate tracing, and
composite adverse neonatal outcomes.

Ultrasonographic measurements of both groups are
presented in Table 2. Fetal LMPI values in the ICP group
were significantly higher than in the controls (0.54 +0.54
vs. 0.44 +0.03, p<0.001). ICT and IRT values were sig-
nificantly higher in the ICP group (p <0.001 for both),
and ET value was significantly higher in the control group
(p=0.011). There was no statistically significant differ-
ence in E/A values between the groups (0.69+0.10 vs.
0.66 +0.14, p=0.203). Umbilical arterial pulsatility index
(UA PI) values were significantly higher in the ICP group
(0.95+0.29 vs. 0.82+0.16, p=0.004).

Ultrasonographic measurements of mild ICP, severe ICP,
and control groups are presented in Table 3. The LMPI val-
ues of the mild ICP and severe ICP groups were significantly
higher than the control group, and the LMPI values of the
severe ICP group were significantly higher than the mild
ICP group (p <0.001 for all). E/A values did not signifi-
cantly differ between the groups (p=0.355). Additionally,
the correlation between LMPI values and serum TBA levels
and UA doppler measurements in ICP cases was examined
(Figs. 2, 3). There was a positive and significant correlation
between TBA levels and LMPI values (r=0.546, p <0.01).
However, no significant correlation was found between UA
PI and LMPI values (r=0.071, p>0.01).

LMPI values and E/A ratio in ICP cases with and without
adverse perinatal outcomes are presented in Table 4. There
was no significant difference in LMPI values and E/A ratios
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Table 1 Maternal and perinatal
characteristics of groups

Table2 Comparison of
echocardiographic and Doppler
measurements of the groups

Table 3 Comparison of LMPI
and E/A ratios of mild ICP,
severe ICP, and control groups

@ Springer

ICP group (n: 60) Control group (n: 60) P value

Maternal age (year) (mean=+ SD) 29+6 25+5 <0.001
Parity (n,%) 0.336

Nulliparous 18 (30%) 23 (38.3%)

Multiparous 42 (70%) 37 (61.7%)
BMI at during test (mean + SD) (kg/m?) 27.4+3.8 27.7+5.9 0.704
Gestational age at measurement (week) (mean+SD) 31+4 30+5 0.693
Gestational age at delivery (week) (mean + SD) 36+1 38+2 <0.001
Primary cesarean section delivery (n,%) 30 (50%) 15 (25%) 0.005
Birth weight (g) (mean + SD) 2904 +470 3185+476 0.002
Non-reassuring fetal heart rate tracing (n,%) 16 (26.6%) 5(10%) 0.008
Meconium stained amniotic fluid (n,%) 14 (23.3%) 4 (6.6%) 0.010
1st minute APGAR scores <7 (n,%) 10 (16.6%) 1(1.7%) 0.004
5th minute APGAR scores <7 (n,%) 5(8.3%) 1(1.7%) 0.093
Neonatal complications (n,%)

RDS 13 (21.6%) 4 (6.6%) 0.018

Hyperbilirubinemia 1(1.7%) 2 (3.3%) 0.558

Sepsis 1(1.7%) 0 0.315

Infection of unknown origin 1(1.7%) 0 0.315
NICU admission (n,%) 14 (23.3%) 4 (6.6%) 0.010
Composite adverse neonatal outcomes (n,%) 14 (23.3%) 5(8.3%) 0.024
Perinatal mortality (n,%) 1(1.7%) 0 0.315

Composite adverse outcomes includes: Respiratory distress syndrome, hyperbilirubinemia, sepsis, infection
of unknown origin, neonatal intensive care unit admission

ICP mtrahepatic cholestasis of pregnancy, BMI body mass mndex, RDS respiratory distress syndrome,
NICU neonatal 1ntensive care unit

ICP group (n: 60) Control group (n: 60) P value
LMPI (mean + SD) 0.54+0.54 0.44+0.03 <0.001
ICT (ms) (mean+SD) 41.6+4.46 342+3.62 <0.001
ET (ms) (mean+SD) 169.40+13.16 174.87 £9.65 0.011
IRT (ms) (mean+SD) 49.77+4.54 43.03 +£5.04 <0.001
E/A (mean+SD) 0.69+0.10 0.66+0.14 0.203
Umbilical artery PI (mean +SD) 0.95+0.29 0.82+0.16 0.004

ICP mtrahepatic cholestasis of pregnancy, LMPI left ventricular modified myocardial performance index,
ICT 1sovolumetric contraction time, ET ejection time, /RT 1sovolumetric relaxation time, E/A E wave/A
wave peak velocity ratio, P/ pulsatility index

Mild ICP (n: 45) Severe ICP (n: 15) Control (n: 60) P value
Gestational age at ultra-  31+4 30+4 30+5 0.672
sonographic
LMPI measurement
(weeks) (mean + SD)
LMPI (mean + SD) 0.53+0.05 0.57+0.05 0.44+0.03 <0.001%
E/A (mean +SD) 0.70+0.10 0.67+0.13 0.66+0.15 0.355

ICP 1ntrahepatic cholestasis of pregnancy, LMPI left ventricular modified myocardial performance index,
E/A E wave/A wave peak velocity ratio

“Difference between group 1,2, and group 3 is significant



The International Journal of Cardiovascular Imaging (2023) 39:907-914

91

80

70

° °
o 60 ° —
= ® % ° ° o ) S e
] o T
o o o} WS, e
e -O»G—j./’ ) o o
i @ ° ® *
a0 o
50 & o5 °
® °

40

30
00 20,00 40,00 60,00 80,00 100,00

Total serum bile acids (umoliL)

Fig.2 Correlation between LMPI values and serum TBA levels:
(r=0.546, p<0.01)

80

70

80 ) oo

LMPI

50

40

30
.00 50 1,00 1.50 2,00 250

Umbilical artery Pl

Fig.3 Correlation between LMPI values and Doppler UA PI values:
(r=0.071, p>0.01)

in ICP cases with and without adverse perinatal outcomes
(»p=0.163 and p=0.507, respectively). The ROC curve
for LMPI was evaluated to predict adverse neonatal out-
comes and had no significant effect (AUC 0.638; 95% CI
0.424-0.852, p=0.120; Fig. 4).

Discussion

This study evaluated fetal LMPI measurements in ICP and
their relationship with adverse perinatal outcomes. Our find-
ings revealed that ICP fetuses had significantly higher LMPI
values, indicating cardiac involvement, than controls. LMPI
values were significantly related to ICP severity and TBA
levels. However, ROC analysis did not reveal significance
in predicting adverse neonatal outcomes. The ICP cases had
significantly higher UA PI Doppler measurements, which
affect fetal afterload, but there was no significant correlation
between UA PI Doppler measurements and LMPI values.
The E/A ratios, which indicate diastolic cardiac dysfunction,
did not differ significantly between the two groups.

The MPI indicates the systolic and diastolic functions of
the fetal heart [23]. The right side of the heart is dominant
during the intrauterine period, and evaluation of the right
side of the fetal heart may be more useful in predicting car-
diac function [24]. However, to evaluate right ventricular
MPI, a biplane image with two different waveforms, one for
the pulmonary, and one for the tricuspid valve, is required.
The left cardiac ventricle has anatomical advantages for MPI
assessment. The valvular proximity of the AVs and MVs
allows the evaluation of the E/A ratio with ICT, ET, and
IRT in a single Doppler image. Previous studies have shown
no significant difference in right ventricular and left ven-
tricular MPI values when evaluating cardiac function in the
same fetus without fetal heart rate; they are consistent with
each other [25, 26]. There may be inconsistencies between
observers in MPI measurements. Mod-MPI is an alternative
technique with increased interobserver reproducibility devel-
oped to avoid these inconsistencies and has been widely used
in recent studies to evaluate fetal cardiac function [13].

Many fetal and pregnancy-related conditions affect fetal
heart function significantly. Mod-MPI measures both sys-
tolic and diastolic heart functions [23]. An increase in fetal
cardiac afterload is one condition affecting cardiac function.
Hypervolemia and placental vascular resistance increase
fetal cardiac afterload. In previous studies, mod-MPI has
been shown to increase in association with myocardial dys-
function in cases of increased afterload, such as intrauterine
fetal transfusion [27] and recipient fetuses in twin-to-twin
transfusion syndrome [28]. Furthermore, pregnancy-related

Table 4 Comparison of LMPI

oo ICP cases with adverse perina- ICP cases without adverse perinatal P value
values a'nd E/A rz'ltlos in ICP tal outcome (n:14) outcome group (n:44)
cases with and without adverse
perinatal outcomes LMPI (mean + SD) 0.56+0.08 0.53+0.04 0.163
E/A (mean +SD) 0.69+0.08 0.69+0.12 0.507

ICP mtrahepatic cholestasis of pregnancy, LMPI left ventricular modified myocardial performance index,
E/A E wave/A wave peak velocity ratio
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Fig.4 Receiver operating characteristic curve for LMPI in predict-
ing adverse neonatal outcomes: (AUC 0.638; 95% CI 0.424-0.852,
p=0.120)

diseases such as preeclampsia and intrauterine growth
retardation are associated with increased placental vascular
resistance. Studies have shown increased mod-MPI values
in these diseases due to fetal cardiac dysfunction [14, 15,
17]. This study excluded diseases associated with increased
placental resistance, such as intrauterine growth retarda-
tion and hypertensive diseases of pregnancy. However, our
findings revealed that UA PI Doppler measurements were
significantly higher in the ICP group. Although previous
studies have shown that fetal UA doppler measurements in
ICP are ineffective at predicting fetal complications, it has
been proposed that high bile acid levels may lead to adverse
consequences by causing placental vasoconstriction in the
pathogenesis of ICP [2, 5, 29]. Therefore, we examined
the correlation between UA PI Doppler measurements and
LMPI values, but there was no significant correlation.
Although the etiopathogenesis of ICP is unknown, the asso-
ciation between clinical findings and pregnancy outcomes with
increased TBA levels has been proven [22, 30]. Additionally,
animal studies have shown that high bile acid levels in ICP
have a toxic effect on the fetal heart, resulting in cardiac con-
traction disorders, fatal arrhythmias, and sudden fetal death
[31, 32]. Recent studies have found that cardiac dysfunction
in ICP significantly increases echocardiographic mod-MPI
measurements. Henry et al. [19] examined both left and right
MPI values of the fetal heart in ICP cases and showed that
LMPI values were significantly higher in ICP in correlation
with TBA levels, but right ventricular MPI values did not sig-
nificantly increase. Sanhal et al. [20] also found that mod-MPI

@ Springer

values of the left fetal ventricle were significantly higher and
E/A ratios were significantly lower in ICP. Similarly, Ozel
et al. [18] found that LMPI values were significantly higher in
ICP cases. Our findings confirmed previous studies and LMPI
values were significantly higher in ICP cases and were posi-
tively correlated with TBA levels. However, our study found
that E/A ratios, indicators of diastolic dysfunction, were not
significantly affected in ICP cases. The E/A ratio is associated
with cardiac damage and indicates diastolic dysfunction [15,
33]. However, because fetal LMPI and E/A measurements of
the cases were performed at the first visit, no relevant results
regarding changes in long-term fetal cardiac function could be
obtained in our study.

Studies have shown that evaluating fetal well-being, such
as non-stress testing or fetal Doppler measurement, is inef-
fective in predicting adverse perinatal outcomes in ICP [34,
35]. However, Sanhal et al. [20] demonstrated that measuring
LMPI can be useful in predicting adverse perinatal outcomes
in ICP, and they found a cut-off level of 0.48 at 81.8% sensi-
tivity and 67.6% specificity for predicting adverse perinatal
outcomes (non-reassuring fetal heart rate tracing, umbilical
cord pH <7.15, presence of meconium in amnion, and NICU
admission) for LMPI. Similarly, Ozel et al. [18] defined the
LMPI cut-off level as 0.41 for the same adverse perinatal
outcomes. In this study, we performed ROC curve analysis
for LMPI to predict adverse neonatal outcomes (RDS, hyper-
bilirubinemia, sepsis, infection of unknown origin, and NICU
admission), but the results did not show significance (AUC
0.638; 95% CI 0.424-0.852, p=0.120). These differences
between studies are due to different selection criteria. We
believe that large-scale studies in which all adverse perinatal
outcomes are evaluated separately in predicting perinatal out-
comes of LMPI measurements are required.

Limitations

Placental diseases (e.g., preeclampsia) associated with
increased ventricular afterload were excluded from this
study. However, although there was no significant correla-
tion between LMPI and UA PI values, UA PI values were
significantly higher in ICP cases. Because the UA PI value
may be associated with increased placental vascular resist-
ance, cardiac loading conditions might affect LMPI changes
in ICP cases. Furthermore, the number of cases included in
the study was limited due to the prospective design of the
study and the fact that it was conducted in a single center.

Conclusions
Our findings indicate that fetal cardiac function (LMPI) is

affected in ICP and is related to elevated bile acid levels.
However, the clinical significance of this finding is unknown
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because it was not associated with adverse neonatal out-
comes in ICP cases. Further research is needed to evaluate
the implications of increased LMPI.
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