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ABSTRACT
Background. This study aimed to assess fetal cardiac left ventricular function in healthy pregnant women by
calculating the modified myocardial performance index (Mod-MPI) and to construct reference ranges for the
Turkish population.
Methods. One-hundred-two randomly selected healthy singleton pregnant women ranging between 25 and
39 gestational weeks were included in the study. Left fetal Mod-MPI was measured for each pregnant woman.
Women with chronic systemic diseases or fetuses with chromosomal or structural abnormalities were excluded
from the study. Mitral valve (MV) and aortic valve (AoV) clicks were used as landmarks to define the following
time periods that were used to calculate the Mod-MPI: isovolumetric contraction time (ICT), isovolumetric
relaxation time (IRT), and ejection time (ET).
Results. The mean Mod-MPI was 0.42±0.10. The mean IRT, ICT, and ET were 43.5±10.2, 27.27±8.1, and 170.5±16.9,
respectively. A significant correlation was found between Mod-MPI and gestational age, umbilical artery
systolic/diastolic (UA S/D) ratio and the middle cerebral artery pulsatility index (MCA PI) values (r=0.199,
p=0.047, r=-0.328, p=0.001, and r=-0.0349, p=0.001, respectively)
Conclusions. The current study’s results will be a reference for future studies, especially studies investigating
pathological conditions that impact fetal cardiac function.
Key words: Modified myocardial performance index, healthy pregnancy, normal ranges, obstetrics.

The myocardial performance index (MPI) is a
ratio obtained by Doppler ultrasound to assess
heart functions.1 MPI may be applied to the right
or left ventricles of the heart. MPI is calculated
by dividing the sum of the isovolumetric
contraction time (ICT) and the isovolumetric
relaxation time (IRT) by the ejection time (ET).1
Since there may be inter- and intraobserver
variations, the MPI has been modified and valve
clicks have been used as landmarks to optimize
the measurements.2 The prognostic value of the
MPI with other strain and remodeling indices
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has been studied in athletes with hypertrophic
cardiomyopathy.3,4 In the present study, we
hypothesized that conditions that influence
fetal cardiac functions will result in changes
in the MPI values. Fetal growth restriction,
twin-twin transfusion syndrome, maternal
diabetes, preeclampsia, fetal hydrops, fetal
anemia, and cholestasis are examples of these
conditions.5-15 MPI values may be a guide for
fetal interference and timing of the delivery in
cases that affect cardiac function. However, it
is important to ensure that the measurement
of MPI is consistent and accurate. There is no
universal reference range for an optimal MPI
measurement methodology and no guidelines
for normal values. Therefore, the present study
aimed to measure MPI in healthy fetuses,
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and to standardize our own reference values
and measurement method before conducting
research on MPI measurements in relation to
pathological conditions.
Material and Methods
Study Design and Patient Selection
Between November 2018 and February 2019,
102 randomly selected healthy singleton
pregnant women ranging between 25 and 39
gestational weeks were included in the study.
Ethical approval was obtained from the Zekai
Tahir Burak Women’s Health and Research
Hospital’s ethics committee before the study
was conducted (Review board number: 21/2019).
The study was performed in accordance with the
ethical standards described in the original 1964
Declaration of Helsinki, and revised in 2013.
Written informed consent was obtained from
the patients included in the study. Pregnant
women with a chronic systemic disease, such
as diabetes, hypertension, heart disease, goiter,
and kidney disease, or those with a history of
drug use that would affect cardiac functions
were excluded from participating in the study.
The results of double-triple screening tests,
detailed ultrasonography, and oral glucose
loading tests were evaluated. Pregnant women
with low risk and normal screening results were
included in the study.
Mod-MPI Measurement
All ultrasonographic measurements were
performed by one obstetrician, who had at least
10 years of experience. The observer evaluated
each patient and obtained three measurements.
The mean of all measurements was recorded.
Ultrasonographic
measurements
were
performed using a Voluson 730 Expert (GE
Medical Systems, Waukesha, WI, USA)
ultrasound machine and 2-7 MHz curvilinear
probe during the absence of fetal movements.
Both mechanical and thermal indices were
kept below 1.0. Gestational age (GA) was
calculated according to the first day of the last
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menstrual period, and it was confirmed by
the first-trimester crown rump length (CRL)
measurement. Initially, fetal biometry was
performed. Biparietal diameter (BPD), head
circumference (HC), abdominal circumference
(AC), femur length (FL), and estimated fetal
weight (EFW) were evaluated and recorded.
Subsequently, amniotic fluid index, umbilical
artery (UA) Doppler, and localization and
structure of the placenta were examined,
and all the measurements were recorded.
Fetal echocardiographic measurements were
performed after it was determined that the
patient had no obstetric pathology.
Doppler and fetal echocardiography were
performed based on the International Society
of Ultrasound and Obstetrics and Gynecology
(ISUOG) Practice Guidelines.16 The modified
MPI (Mod-MPI) method was used to measure
fetal left ventricular MPI, as described by
Hernandez-Andrade et al.2 Prior to the ModMPI measurement, the apical four-chamber
view of the heart was obtained. The women
for whom we were unable to view a favorable
fetal position to obtain an optimal cross-section
were evaluated at different times. The Doppler
sample was opened at 3–5 mm and placed at
the lateral wall of the ascending aorta to include
both the mitral valve (MV) and the aortic valve
(AoV). The insonation angle was maintained
below 15 degrees. The wall motion filter was
calibrated at 300 Hz, and the Doppler sweep
velocity was 5 cm/s. Doppler gain was lowered
in order to clearly see the valve clicks. The clicks
of the opening and closing of the AoV and the
MV were obtained. Early ventricular filling (E)
and active atrial filling (A) waves were viewed.
ICT was described as the time interval beginning
with the closing of the MV and ending with the
opening of the AoV. IRT was described as the
time interval beginning with the closing of the
AoV and ending with the opening of the MV.
ET was described as the time interval beginning
with the opening of the AoV and ending with
the closing of the AoV (Fig. 1). Mod-MPI was
calculated by using the following formula:
(ICT+IRT)/ET.
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Fig. 1. Doppler trace of isovolumetric contraction time (ICT), ejection time (ET), isovolumetric relaxation time
(IRT), and E/A wave peak velocities.

All the results and demographic characteristics,
such as age, gravidity, parity, number of
abortions, number of living children, and
gestational week were recorded.
Statistical Analysis
All the statistical analyses were performed
using SPSS (IBM SPSS Statistics for Windows,
version 21.0, released 2012, Armonk, NY,
USA: IBM Corp.). Descriptive statistics were
reported as mean±standard deviation (SD),
median (minimum-maximum), and mean+95%
reference interval. Spearman’s correlation test
was used to analyze the correlations between
the parameters. P <0.05 was considered to be
statistically significant.
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Results
According to our results, the median age, body
mass index (BMI), gravidity, parity, number of
living children, number of abortions, EFW, and
gestational week were 27 (20–43), 28.7 (19.6–
44.4), 2 (1–6), 1 (0–4), 0 (0–4), 0 (0–3), 2300 (716–
4030), 34.6 (25.4–39.1), respectively.
Table
I
shows
the
ultrasonographic
measurements for the pregnant women.
Accordingly, the mean Mod-MPI was 0.42±0.10
while the mean IRT, ICT, and ET were 43.5±10.2,
27.27±8.1, and 170.5±16.9, respectively.
The results for the normal gestational ranges in
the Turkish population are shown in Figure 2
as scatter plots, with the estimated mean and
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Table I. Ultrasonographic measurements of the
pregnant women in the study.
Mean±SD

Median
(Min-Max)

UA-Doppler RI

1.09±0.34

0.6 (0.2-4.5)

UA-Doppler S/D

2.66±0.30

2.6 (1.3-4.2]

UA-Doppler PI

0.98±0.38

1.0 (0.3-2.7)

MVP

47.75±31.30

50.0 (0.0-76.0)

ICT

27.27±8.10

26 (12-48)

IRT

43.5±10.20

44 (23-70)

ET

170.4±16.90

173 (123-213)

Mod-MPI

0.42±0.10

0.4 (0.21-0.67)

MCA-PI

1.97±0.69

1.8 (0.97-3.7)

UtA-PI

3.82±0.27

0.82 (0.49-2.41)

DV-PI

0.68±0.41

0.63 (0.12-1.79)

TCD

41.02±6.65

42 (26.7-52)

UA: Umbilical artery, RI: Resistance index, S/D: Systole/
diastole, PI: Pulsatility index, ICT: Isovolumetric
contraction time, IRT: Isovolumetric relaxation time,
ET: Ejection time, Mod-MPI: Modified myocardial
performance index, MCA: Middle cerebral artery, UtA:
Uterine artery,
DV: Ductus venosus, TCD: Trans cerebellar diameter,
MVP: Maximum vertical amniotic pocket

percentile curves for ICT, IRT, ET, and ModMPI. ICT and IRT were constant during the
pregnancies, while ET decreased and Mod-MPI
increased throughout the gestational period.
Spearman’s correlation test was used to assess
the relationship between the parameters
(Table II). The correlation coefficient analysis
results revealed that there was a significant
correlation between Mod-MPI and GA, and UA
systolic/diastolic (UA S/D) ratio and the middle
cerebral artery pulsatility index (MCA PI)
values (r=0.199, p=0.047, r=-0.328, p=0.001, and
r=-0.0349, p=0.001, respectively) (Fig. 3). ModMPI increased with advanced GA; moreover,
Mod-MPI decreased as UA S/D and MCA
increased. However, no statistically significant
correlation was found between Mod-MPI and
the women’s age, EFW, BMI, UA Doppler PI/
RI (resistance index), ductus venosus (DV)-PI,
and uterine artery (UtA)-PI values (p>0.05). A
negative correlation was found between ET and
gestational week (r=0.238, p=0.018) (Fig. 4). All
of the UA doppler parameters (S/D, PI, and RI)

Fig. 2. Results for normal gestational ranges in the study’s Turkish population for ICT, IRT, ET, and Mod-MPI.

Fig. 3. The correlation between Mod-MPI and GA, UA S/D, and MCI PI.
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Table II. The relationship between the study’s parameters*.
Age (year)
GA (week)
EFW
BMI
UA-S/D
UA-PI
UA-RI
MCA-PI
DV-PI
UtA-PI
TCD

Mod-MPI

ICT

IRT

ET

r

-0.021

-0.071

0.123

0.086

p

0.849

0.511

0.257

0.427
-0.236

r

0.199

0.117

0.131

p

0.047

0.245

0.194

0.018

r

0.178

0.077

0.170

-0.204

p

0.097

0.473

0.114

0.056

r

0.078

-0.045

0.027

-0.071

p

0.462

0.670

0.802

0.500

r

-0.328

-0.131

-0.421

0.169

p

0.001

0.198

0.000

0.096

r

-0.181

0.028

-0.303

0.067

p

0.080

0.790

0.003

0.520

r

-0.200

-0.085

-0.316

0.092

p

0.053

0.413

0.002

0.376

r

-0.349

-0.339

-0.149

0.192

p

0.001

0.001

0.158

0.068

r

0.160

0.210

0.066

0.007

p

0.261

0.139

0.646

0.961

r

-0.206

-0.121

-0.162

0.091

p

0.065

0.282

0.149

0.420

r

0.109

0.154

-0.060

-0.219

p

0.390

0.226

0.639

0.081

*Spearman correlation test was used. GA: Gestational Age, EFW: Estimated Fetal Weight, BMI: Body Mass Index, UA-S/D:
Umbilical artery systole/diastole, UA-PI: Umbilical artery Pulsatility Index, RI: Resistance Index, MCA: Middle Cerebral
Artery, DV: Ductus Venosus, UtA: Uterine artery, TCD: Trans cerebellar diameter, Mod-MPI: Modified myocardial
performance index, ICT: Isovolumetric contraction time, IRT: Isovolumetric relaxation time, ET: Ejection time.

were found to have a negative correlation with
IRT (r=-0.421, p=0.000, r=-0.303, p=0.003, and r=0.316, p=0.002, respectively) (Fig. 5). A negative
correlation was also found between ICT and
MCA-PI (Fig. 6).
Table III shows the means and the 95% reference
intervals for the Mod-MPI, ICT, IRT, and ET
values based on the gestational week. There was
an increase in the Mod-MPI from 25 to 39 weeks
of gestation, with means±SD of 0.37±0.087 at 25
weeks and a mean of 0.42±0.11 at 39 weeks.
Fig. 4. The correlation between ET and GA.
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Table III. Means and 95% reference intervals for Mod-MPI, ICT, IRT and ET throughout pregnancy.
Gestational
age weeks

Mod-MPI
mean

Mod-MPI
95% reference
interval

ICT
mean

ICT 95%
reference
interval

IRT
mean

IRT 95%
reference
interval

ET
mean

ET 95%
reference
interval

25

0.39

0.15-0.62

25.3

3.6-47.0

43.7

23.4-63.9

178.0

137.3-218.7

26

0.42

0.17-0.67

28.0

2.1-53.9

48.0

22.1-73.9

186.7

179.1-194.3

27

0.44

0.18-0.67

31.0

4.2-42.6

49.0

23.4-82.1

182.0

142.0-196

28

0.31

0.13-0.53

23.0

17.2-32.0

36.0

25.4-40.2

186.0

175.2-192.4

29

0.35

0.27-0.43

23.3

18.7-27.8

36.3

27.9-44.6

172.0

153.4-190.6

30

0.44

0.37-0.51

30.9

23.5-38.3

41.7

36.0-47.4

165.9

145.8-185.9

31

0.39

0.32-0.45

23.9

19.1-28.6

46.8

39.3-54.5

178.9

167.8-189.9

32

0.43

0.35-0.50

26.9

19.6-34.1

44.6

33.4-55.8

168.6

153.8-183.4

33

0.41

0.34-0.48

26.3

19.0-33.5

41.1

35.9-46.3

165.4

177.5-135.8

34

0.40

0.29-0.50

26.7

21.0-32.3

41.2

32.0-50.4

171.0

157.5-184.5

35

0.43

0.37-0.49

29.9

25.5-34.4

43.8

37.5-50.0

172.0

161.3-182.7

36

0.45

0.36-0.55

27.5

16.4-38.6

48.9

40.6-57.2

169.6

153.7-185.6

37

0.41

0.34-0.49

25.8

19.9-31.7

41.6

35.7-47.6

166.7

158.0-175.4

38

0.42

0.31-0.54

30.7

28.6-32.7

36.1

40.3-57.9

156.0

143.8-164.2

39

0.47

0.39-0.56

30.0

26.6-34.7

49.1

40.3-57.9

163.1

153.8-172.4

Mod-MPI: Modified myocardial performance index, ICT: Isovolumetric contraction time, IRT: Isovolumetric relaxation
time, ET: Ejection time.

Fig. 5. The correlation between IRT and UA S/D, PI, and RI.

Fig. 6. The correlation between ICT and MCA PI.
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Discussion
The main findings of this study were:
1. The normal reference of Mod-MPI was 0.4
(0.21–0.67).
2. There was a positive correlation between
the Mod-MPI values and GA. The ModMPI values significantly increased with
GA.
3. There was a negative correlation between
the Mod-MPI values and UA S/D and
MCA-PI.
There are several ways to evaluate cardiac
functions during the intrauterine period. MPI
is one of the most common methods used to
evaluate cardiac functions, globally. Conditions
that disturb cardiac systolic functions result in
the lengthening of the ICT and shortening of
the ET. Thus, the systolic dysfunction results
in prolonging the MMPI values. Previously
we investigated the utility of Mod-MPI in
fetal growth restriction (FGR). There was no
difference between the groups in terms of
Mod-MPI values. MPI values in healthy fetuses
were 0,4 (0,3–0,7). However, IRT values, the
earliest influenced component of MPI, were
significantly lower in the FGR group than in the
control group.17 Another study performed by
Kır et al.18 investigated the importance of MPI
in children diagnosed with isolated ventricular
septal defect (VSD). The MPI values were found
to be significantly higher in children with VSD
than in healthy children, and the mean MPI
values in healthy children were 0,26 ± 0,005.
This average value is lower when compared to
fetal MPI values; it may be related to changes
in fetal cardiac geometry and the myocardium’s
functional capacity in the intrauterine
environment.
We found a negative correlation between UA
S/D and the Mod-MPI and IRT values. IRT is an
important component of fetal cardiac function.
Disruption of IRT results in reduced calcium
uptake and a reduction in fetal cardiac function.
Moreover, IRT is the earliest influenced
1044
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component of MPI in cases of pathological
conditions. The pathological increase in UA
S/D means a disruption of blood supply to the
fetus. Previous studies have demonstrated that
pathological conditions that could influence
cardiac functions also alter the Mod-MPI
values.5-15 In the present study, all of the UA S/D
values were in the normal ranges based on GA.
Therefore, we could not interpret this result
objectively.
The present study showed that the normal
Mod-MPI measurements of our pregnant
population (0.4 [0.21–0.67]) were consistent
with the reference intervals reported in previous
studies.15-19 Additionally, in our study the ModMPI values increased with GA, which is similar
to the results reported by Cruz-Martinez et al.19
who found a positive correlation between ModMPI and GA.
The literature reports a wide range for the mean
MPI values. Although some previous studies
advocate that the mean MPI is a constant
value throughout pregnancy20-22, it has also
been reported that the MPI values are GAdependent.23 Moreover, some studies have
demonstrated that the MPI values decrease
with GA.24,25 This inconsistency could be due to
differences in the techniques used to measure
the MPI. The ultrasound device settings are also
important. Hernandez-Andrade et al.2 used a
Mod-MPI measurement technique with an
insonation angle ranging between 0-30 degrees
and a sweep speed of 15 cm/s. In the present
study, we used an insonation angle ranging
between 0-15 degrees and a sweep speed of 5
cm/s. Using a high sweep speed ensures optimal
magnification for the correct placement of the
caliper when obtaining the measurements.
We increased the sweep speed to 5 cm/sn, as
reported by Sanhal et al.13
The Doppler sample placement point is another
challenge of Mod-MPI measurements.26
Applying valve clicks when measuring MPI
may decrease the inter- and intraobserver
variations. However, valve clicks also have a
thickness, so Mod-MPI values may be altered
The Turkish Journal of Pediatrics ▪ November-December 2021
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if they are measured from the beginning of the
valve clicks. Furthermore, original or reflected
valve clicks may be used for the measurement.
Although the beginning points and the end
points are different, the peaks of the original
MV and AoV closure clicks match the peaks
of the reflected valve clicks. In the present
study, we used the peak point of the clicks to
prevent variation in the caliper placement due
to the click interval. Similarly, Meriki and Welsh
suggested using the peaks of the clicks to obtain
the MPI measurements.27 Other authors have
also suggested using the beginning points of the
clicks to place the calipers.15,19,27
To calculate the MPI, we preferred using the
left Mod-MPI measurement. However, the use
of the right MPI measurement has also been
reported.28 Paytoncu et al.29 also evaluated fetal
cardiac function via measuring MPI from the
fetal left and right ventricles and tricuspid and
mitral annular plane systolic excursions (TAPSE
and MAPSE). They included 152 fetuses in
their second and third trimesters in the study.
Similar to us, they found the left ventricle
mean MPI value as 0,47 ± 0,16. However, in
this study, they did not detect a difference
between the gestational week’s progression
and the MPI values.29 Theoretically, the right
MPI measurement seems to be more prudent,
since the fetal heart is thought to be right
dominant during the intrauterine period.26,30
Although evaluation of the right ventricle
provides early findings on cardiac dysfunction,
MPI assessment requires two different planes
for right ventricle pulmonary and tricuspid
valve measurements. This makes it difficult
to evaluate the right ventricle. However, the
AoV and MV components of the left ventricle
can be easily determined in the same section,
and a Doppler examination can be performed.
Moreover, more studies have reported on
left ventricular MPI data than right ventricle
MPI data. Nevertheless, reports on the clinical
applications of fetal left MPI are controversial.
Previous studies have reported on the
reproducibility of Mod-MPI measurements,
and the reproducibility rate was found to be
The Turkish Journal of Pediatrics ▪ November-December 2021
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low when the GA was less than 27 weeks. In
earlier GA weeks, the interobserver correlation
rate also decreases. However, in the late periods
of pregnancy, both measurement repeatability
and interobserver correlation increase. This
may be due to the relative increase in the size
of the fetal heart, and, thus, to a more accurate
placement of the Doppler caliper.26
If MPI is to be used as a useful clinical parameter,
an acceptable reference range for normal fetuses
should be presented.27 Consequently, it is
necessary to establish a standard for the factors
that will cause variations, such as the device,
the device settings, and the caliper placement
technique.
To minimize the interobserver differences and
obtain a standardized method with possible
repeatability and reliability, automated
MPI measurement techniques have been
researched, and their routine usability has been
communicated. With the introduction of routine
use in automated methods, the relationship of
MPI with fetal pathologies will be understood
more clearly in the future.31,32
Previous studies have reported that a learning
process is required in order to perform accurate
MPI measurements. For example, CruzMartinez et al.30 reported average numbers
related to the completion of the learning process
associated with left Mod-MPI measurements,
such as 42 for ET, 77 for ICT, and 83 for IRT.
Before conducting this study, the obstetrician
who performed the MPI measurements had
previously measured, on average, 100 healthy
pregnant women; however, these measurements
were not included in the study.
In conclusion, this study’s results contribute to
the field in several ways. We generated normal
gestational reference ranges for Mod-MPI for
the Turkish population. We used an objective
method for caliper placement and ultrasound
machine settings. The study’s sample size was
relatively larger than the sample sizes of some
previous studies.21,23,24,26 These results will be
a reference for future studies, especially those
1045
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investigating the pathological conditions that
impact fetal cardiac functions.
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