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ABSTRACT
Objectives The primary aim of this study was to establish 
the normal reference ranges of the fetal left ventricular 
(LV) Modified Myocardial Performance Index (Mod- MPI). A 
secondary aim was to evaluate the agreement between 
manual and automatic measurements for fetal Mod- MPI.
Design A prospective, multicentre, cross- sectional study.
Participants Normal singleton pregnancies.
Methods The LV functions of normal singleton 
pregnancies were assessed in nine centres covering eight 
provinces in China using unified ultrasound protocols 
and settings and standardised measurements by pulsed 
Doppler at 20–24, 28–32 and 34–38 weeks of gestation. 
The isovolumetric relaxation time (IRT), isovolumetric 
contraction time, ejection time (ET) and Mod- MPI were 
measured both automatically and manually.
Results This cross- sectional study included 2081 fetuses, 
and there was a linear correlation between gestational age 
(GA) and Mod- MPI (0.416+0.001×GA (weeks), p<0.001, 
r2=0.013), IRT (36.201+0.162× GA (weeks), p<0.001, 
r2=0.021) and ET (171.418–0.078*GA (weeks), p<0.001, 
r2=0.002). This finding was verified using longitudinal data 
in a subgroup of 610 women. The agreement between the 
manual and automated measurements for Mod- MPI was 
good.
Conclusions We constructed normal reference values 
of fetal LV Mod- MPI. Automatic measurement can be 
considered for ease of measurement in view of the good 
agreement between the automatic and manual values.

INTRODUCTION
The Myocardial Performance Index (MPI or 
Tei index) is a quantitative tool for evaluating 
global cardiac function by incorporating the 
assessment of systolic and diastolic cardiac 
function. This index was first described in 
adults by Tei et al1. The modified MPI (Mod- 
MPI) can be evaluated using aortic and mitral 
Doppler valve clicks as landmarks to demar-
cate the time intervals2 after further adjust-
ment. However, the normal reference ranges 

of fetal Mod- MPI still show wide variation 
in recent studies.3–14We have analysed the 
reasons for this, and they are probably due 
to a lack of a large enough sample size, a lack 
of standardised measurement techniques 
of Mod- MPI, heterogeneous study popula-
tions and possibly other maternal or fetal 
characteristics.

Recently, Mod- MPI has been reported to be 
a valuable index for evaluating fetal cardiac 
function and it has been evaluated as an indi-
cator for predicting pregnancy outcomes in 
a number of studies.15–23 Evaluation of Mod- 
MPI depends on comparison to a normal 
reference ranges, so a large multicentre 
study using standardised machine settings 
and techniques with well- defined inclusion 
and exclusion criteria is still required, which 
forms the basis of this study. The primary 
aim of this study was to establish the normal 
reference ranges of fetal left ventricular 
(LV) Mod- MPI and time intervals by pulsed 

Strengths and limitations of this study

 ► This is the only large multicentre prospective study 
from nine centres covering eight provinces and five 
geographical divisions in China.

 ► The study used standardised measurements and 
unified ultrasound settings with well- defined inclu-
sion and exclusion criteria.

 ► Longitudinal data were used to test and verify the 
changes in fetal Modified Myocardial Performance 
Index (Mod- MPI) and time intervals with advanced 
gestational age.

 ► Only three time points (20–24, 28–32 and 34–38 
weeks of gestation) were set in consideration that 
left ventricular Mod- MPI showed a slight increase as 
pregnancy advanced.
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Doppler throughout gestation. A secondary aim was to 
evaluate the agreement between manual and automatic 
measurements for fetal Mod- MPI. As the placement 
of callipers on each valve click is highly dependent on 
operators, it has been suggested that the Auto Mod- MPI 
system may increase the reliability and reproducibility, 
but these conclusions have been based on small sample 
sizes in previous studies.23 24

METHODS
Design, settings and participants
This was a multicentre, prospective cross- sectional study 
(including a subsample of longitudinal data to verify find-
ings from the cross- sectional study) with a large sample 
size undertaken between 1 August 2015 and 30 June 
2019. Nine centres, covering eight provinces in China, 
participated in the study: Beijing (Beijing Obstetrics and 
Gynaecology Hospital, Capital Medical University), Hubei 
(Maternal and Child Health Hospital of Hubei Province), 
Shandong(Qingdao Women and Children’s Hospital), 
Inner Mongolia Autonomous Region (Inner Mongolia 
People’s Hospital), Xinjiang Uygur Autonomous Region 

(People’s Hospital of Xinjiang Uygur Autonomous 
Region), Zhejiang (Women’s Hospital School of Medicine 
Zhejiang University), Shanghai(The International Peace 
Maternity and Child Health Hospital, School of Medicine, 
Shanghai Jiao Tong University, and Shanghai Changning 
Maternity & Infant Health Hospital), and Hebei (Shiji-
azhuang Obstetrics and Gynaecology Hospital), which 
are distributed widely innorthern, central, eastern, north-
western and northeastern China.

Women were eligible to participate in the cross- 
sectional study if they had a normal singleton pregnancy. 
Women then underwent at least one ultrasound scan at 
20–24, 28–32, or 34–38 weeks of gestation. A subgroup of 
women from the cross- sectional study were also invited to 
take part in the longitudinal verification study and under-
went the entire series of four ultrasound examinations at 
11–14, 20–24, 28–32, and 34–38 weeks of gestation.

Box 1 Women must have the following characteristics at 
Booking (<14 weeks of gestation)

a. Aged ≥18 and <35 years.
b. Body mass index ≥18.5 and <30 kg/m2.
c. Singleton pregnancy.
d. A known last menstrual period with regular cycles (defined as 28±7 

days) without hormonal contraceptive use, or breast feeding in the 3 
months before pregnancy.

e. Natural conception.
f. No relevant medical history, with no need for long- term medica-

tion (including fertility treatment and over- the- counter medicines, 
but excluding routine iron, folate, calcium, iodine or multivitamin 
supplements).

g. No use of tobacco or recreational drugs such as cannabis in the 3 
months before or after becoming pregnant.

h. No heavy alcohol use and caffeine intake(defined as >5 units (50 mL 
pure alcohol) per week) since becoming pregnant.

i. No more than one miscarriage in the two previous consecutive 
pregnancies.

j. No previous baby delivered preterm (<37+0 weeks of gestation) or 
with a birth weight <2500 g or >4000 g.

k. No previous neonatal or fetal death, ectopic pregnancy, previous 
baby with any congenital malformations, and no evidence in present 
pregnancy of congenital disease or fetal anomaly.

l. No previous pregnancy affected by pre- eclampsia/eclampsia, hae-
molytic anaemia, elevated liver function and low platelet count syn-
drome, gestational diabetes mellitus/ gestational impaired glucose 
tolerance, a related pregnancy- associated condition.

m. Normal clinical test indexes.
n. Systolic blood pressure <140 mm Hg and diastolic blood pressure 

<90 mm Hg.
o. Not in an occupation with risk of exposure to chemicals or toxic 

substances.
p. Early evaluation of gestational age confirmed by ultrasound exam-

ination before 14 weeks.

Figure 1 Normal Modified Myocardial Performance 
Index (Mod- MPI) (Tei index) Doppler image with automatic 
measurement. MCO=mitral valve closing and open time=ICT 
+ IRT+ET. ET, ejection time; ICT, isovolumetric contraction 
time; IRT, isovolumetric relaxation time.

Figure 2 Normal Modified Myocardial Performance 
Index (Mod- MPI) (Tei index) Doppler image with manual 
measurement. MCO=mitral valve closing and open time=ICT 
+ IRT+ET. ET, ejection time; ICT, isovolumetric contraction 
time; IRT, isovolumetric relaxation time.
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At each hospital, we recruited pregnant women with 
no clinically relevant obstetric, gynaecological or medical 
history who initiated antenatal care before 14 weeks of 
gestation. To approach an optimal health standard, inclu-
sion criteria for the study were based on the fetal Growth 
Longitudinal Study of INTERGROWTH- 21st Project,25 
with minor modifications of the normal pregnancy condi-
tions, as described in detail in box 1.

Patients were excluded if any abnormal pregnancy- 
associated condition developed during follow- up 
evaluation, such as fetal growth restriction, small- for- 
gestational- age fetus, pre- eclampsia/eclampsia, haemo-
lytic anaemia, elevated liver function and low platelet 
count syndrome, gestational impaired glucose toler-
ance or diabetes, intrahepatic cholestasis, miscarriage, 
stillbirth, fetal structural malformations, chromosomal 
abnormalities, inflammatory response syndrome, fetal 
anaemia, low- lying placenta, placental chorioangioma, 
polyhydramnios or any other fetal or maternal disease 
conditions throughout pregnancy. All included women 
were followed up until birth, and all newborns were exam-
ined to confirm the absence of any structural anomalies 
by a postnatal clinical examination. Those with a birth 
weight <2500 g or >4000 g and premature birth (defined 
as birth at less than 37+0 weeks of gestation) were further 
excluded.

Study measurements
Meticulous standardisation of all measurement tech-
niques was implemented across the nine hospitals. All 
hospitals used a WS80A ultrasound system (Samsung 
Medison, Korea) with the same settings. All ultraso-
nographers taking part in this study underwent stan-
dardised training, consisting of a clear understanding 
of the study protocol, training on the use of the 
machine, standardisation of measurements for the 

Figure 3 The study flow chart. FGR, fetal growth restriction.

Table 1 Baseline characteristics and pregnancy outcomes 
of the study population

Pregnancies

Maternal age, years 28.6 (2.7)

Maternal height, cm 162.0 (4.9)

Maternal weight, kg 57.5 (6.3)

Body mass index, kg/m2 21.9 (2.2)

Nulliparous 80%

Ethnicity the Han nationality 93.9%

Caesarean section 27%

Male sex 49%

Birth weight, kg 3.4 (0.3)

Birth gestational age, week 39.3 (1.1)

Data are mean (SD) or number (%).
Maternal baseline characteristics were measured during 11–13+6 
weeks of gestation.
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ultrasound parameters, data collection and quality- 
control measures. Two sets of ultrasonographic images, 
including the measurements of Mod- MPI and other 
Doppler indicators and the assessment of fetal growth 
and development, were handed in by every specially 
assigned ultrasonographer from nine centres before 
the beginning of the study. The ultrasonographers were 

only allowed to participate once the ultrasonographic 
pictures were examined and approved by the experts 
organised by the leading centre (Beijing Obstetrics 
and Gynaecology Hospital, Capital Medical Univer-
sity). The quality- control measures were based on the 
regular sampling analysis and mid- period checks of the 
ultrasonographic images from the nine centres.

Gestational age (GA) was based on the last menstrual 
period and confirmed by ultrasound between 9 weeks and 
13+6weeks of gestation, provided that the discrepancy was 
less than 7 days. We then scanned women at 20–24, 28–32 
and 34–38 weeks of gestation. The scan consisted of an 
assessment of fetal growth, the volume of amniotic fluid, 
the pulsatility index of the umbilical artery, and the fetal 
anatomy was examined. All ultrasound scans, including 
measurement of the crown- rump length, biometry and 
Doppler evaluations, were performed as described by 
the International Society of Ultrasound in Obstetrics and 
practice guidelines.26 27

To improve the reproducibility, unified machine 
settings28 and standardised measurements2 12 of Mod- 
MPI across the sites were used. Imaging of the heart was 
performed with a transverse four- chamber view, in an 
apical projection, and at the point where the opening 

Table 2 The intraobserver and interobserver agreement of 
manual and automated Mod- MPI

Item

Number
Manual Mod- 
MPI

Automated 
Mod- MPIICC

Intraobserver 
ICC

65 0.908 0.914

95% CI 0.853 to 0.943 0.863 to 0.947

P value <0.001 <0.001

Interobserver 
ICC

65 0.879 0.902

95% CI 0.809 to 0.925 0.845 to 0.939

P value <0.001 <0.001

ICC, the intraclass correlation coefficient; Mod- MPI, Modified 
Myocardial Performance Index.

Figure 4 Plots of LV Mod- MPI, IRT and ET based on the cross- sectional data (2081 cases) with advancing gestational age 
(GA). p5=5 th centile; p50=median; p95=95 th centile. ET, ejection time; IRT, isovolumetric relaxation time; Mod- MPI, Modified 
Myocardial Performance Index.

 on N
ovem

ber 1, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-049640 on 7 July 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


5Sun L, et al. BMJ Open 2021;11:e049640. doi:10.1136/bmjopen-2021-049640

Open access

and closure of the mitral and aortic valves were clearly 
shown. The Doppler sampling gate was placed at the cross 
between the inflow and outflow of the left ventricle and 
included the leaflets of the mitral valve (MV) and aortic 
valve (AV) with a 3–4 mm gate size4 and an insonation 
angle of less than 15°. The Doppler sweep velocity was 

set at 11.88–13.67 cm/s,27 the wall motion filter was set at 
100 Hz, and the scale was set at 55 cm/s. Doppler wave-
forms were obtained during fetal quiescence and after 
asking the mother to voluntarily suspend respiration. The 
patients were examined until apical four- chamber views 
were obtained.

Figure 5 The verification of LV Mod- MPI, IRT and ET with advancing gestational age (GA) based on the longitudinal data (610 
cases). p5=5 th centile; p50=median; p95=95 th centile. ET, ejection time; IRT, isovolumetric relaxation time; Mod- MPI, Modified 
Myocardial Performance Index.

Table 3 The normal reference ranges of fetal left ventricular Mod- MPI based on the cross- sectional data with the manual and 
automatic measurements

Weeks of 
gestation No Mean SD

Percentile

5 10 25 50 75 90 95

20–24 weeks

  Manual 1710 0.44 0.05 0.35 0.37 0.40 0.44 0.48 0.51 0.52

  Auto 1528 0.45 0.05 0.37 0.39 0.42 0.45 0.49 0.52 0.54

28–32 weeks

  Manual 1486 0.45 0.05 0.37 0.39 0.42 0.45 0.49 0.51 0.53

  Auto 1475 0.45 0.05 0.37 0.39 0.42 0.45 0.49 0.52 0.53

34–38 weeks

  Manual 1178 0.45 0.05 0.37 0.38 0.41 0.45 0.49 0.52 0.55

  Auto 1057 0.46 0.05 0.37 0.40 0.42 0.45 0.49 0.52 0.55

Mod- MPI, Modified Myocardial Performance Index.
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We chose the beginning of the valve clicks as the land-
mark for the measurement period of Mod- MPI to improve 
reproducibility.12 23 The callipers were placed just before 
each valve click (figures 1 and 2).The isovolumetric 
contraction time (ICT) was measured from closure of the 
MV to opening of the AV, isovolumetric relaxation time 
(IRT) from closure of the AV to opening of the MV and 
ejection time (ET) from opening to closure of the AV. 
For the automated measurement, the operator placed 
the cursor on the peak of the aortic outflow of a single 
Doppler waveform and pressed the ‘Set’ key, and the Auto 
Mod- MPI system automatically placed the callipers at the 
beginning of each valve click. ICT, IRT, ET and Mod- MPI 
were then calculated automatically. The Mod- MPI was 
measured twice automatically (figure 1) and twice manu-
ally (figure 2). Finally, the mean of the two automatic 
measurements and the mean of the two manual measure-
ments for each case were used in the statistical analysis.

Follow-up and pregnancy outcome
Pregnant women and their newborns were followed up 
until after birth. Any antenatal or intrapartum compli-
cations were recorded, and outcomes were ascertained, 
including GA at birth, delivery mode, birth weight, sex, 
placental weight and Apgar score.

Patient and public involvement
Patients and the public were not involved in the design, 
conduct, reporting, or dissemination plans of our 
research.

Statistical analysis
Data were tested for a normal distribution and expressed 
as the mean±SD. The reference values for the 5th, 10th, 
25th, 50th, 75th, 90th and 95th percentiles for three 
gestational periods (20–24 weeks, 28–32 weeks and 34–38 
weeks) were determined. The intraclass correlation coef-
ficient (ICC) was used to test the repeatability of the 

Table 4 The normal reference ranges of fetal left ventricular IRT based on the cross- sectional data with the manual and 
automatic measurements

Weeks of 
gestation No Mean SD

Percentile

5 10 25 50 75 90 95

20–24 weeks

  Manual 1710 40 6 29 33 37 41 44 47 49

  Auto 1528 42 5 33 36 39 42 45 48 50

28–32 weeks

  Manual 1486 41 6 30 34 38 42 46 49 51

  Auto 1475 42 6 34 36 39 42 46 50 52

34–38 weeks

  Manual 1178 42 7 29 33 38 42 46 50 52

  Auto 1057 43 6 34 36 39 42 47 51 53

IRT, isovolumetric relaxation time.

Table 5 The normal reference ranges of fetal left ventricular ICT based on the cross- sectional data with the manual and 
automatic measurements

Weeks of gestation No Mean SD

Percentile

5 10 25 50 75 90 95

20–24 weeks

  Manual 1710 34 7 23 25 29 34 39 42 45

  Auto 1528 34 6 25 27 30 35 39 43 45

28–32 weeks

  Manual 1486 35 7 24 26 30 35 39 44 47

  Auto 1475 34 6 25 27 30 34 38 42 45

34–38 weeks

  Manual 1178 34 8 22 25 29 34 38 44 48

  Auto 1057 34 6 24 26 30 34 39 42 45

ICT, isovolumetric contraction time.
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measurement of manual and automated Mod- MPI. ICC 
values of less than 0.20 were considered poor; 0.21 to 0.40, 
fair; 0.41 to 0.60, moderate; 0.61 to 0.80, good; and 0.81 
to 1.00, very good or excellent. A trend test using one- way 
analysis of variance was used to express the correlation 
between the parameters of the fetal heart function and 
the GAs. The best- fit regression equation was provided 
using linear regression models. Agreement between the 
manual and automated measurements was also assessed 
using an equivalence test. Equivalence was considered a 
priori if 90% CIs of the mean of the differences between 
the paired manual and automated measurements were 
within 0.01, a clinically small difference.29Data were anal-
ysed with SPSS V.23.0 software (IBM) and SAS V.9.4 soft-
ware (SAS Institute), with statistical significance defined 
as p<0.05.

RESULTS
Study flow chart and the patient characteristics
In total, 2479 women who met the eligibility criteria were 
recruited during 11–13+6 weeks of gestation (figure 3). 
Finally, 2081 fetuses were recruited in a cross- sectional 
study, including 465 from Beijing Obstetrics and Gynae-
cology Hospital, Capital Medical University, 297 from 
Maternal and Child Health Hospital of Hubei Province, 
306 from Qingdao Women and Children’s Hospital, 
229 from Inner Mongolia People’s Hospital, 109 from 
People’s Hospital of Xinjiang Uygur Autonomous Region, 

164 from Women’s Hospital School of Medicine Zhejiang 
University, 148 from The International Peace Maternity 
and Child Health Hospital, School of Medicine, Shanghai 
Jiao Tong University, 286 from Shanghai Changning 
Maternity and Infant Health Hospital), and 77 from Shiji-
azhuang Obstetrics and Gynaecology Hospital. A total of 
610 cases were included in the longitudinal analysis as a 
subgroup to test and verify the changes in fetal Mod- MPI 
and time intervals with advanced GA. The baseline char-
acteristics and pregnancy outcomes of the study popula-
tion are described in table 1.

The intraobserver and interobserver agreement of 
manual and automated Mod- MPI are shown in table 2.

Relationship between parameters of fetal heart function and 
GA
The Mod- MPI, IRT and ET demonstrated linear correla-
tions with GA (p=0.001,<0.001,=0.03, respectively), but 
no such correlation was seen with ICT (p>0.05). A scatter 
plot of LV Mod- MPI, IRT and ET based on the cross- 
sectional data showed progressive changes with advancing 
gestation (figure 4). The mean Mod- MPI increased 
slightly from 0.44 to 0.45 (Mod- MPI=0.416+0.001×GA 
(weeks), p<0.001, r2=0.013). Similarly, the IRT showed a 
linear increase (IRT=36.201+0.162×GA (weeks), p<0.001, 
r2=0.021). However, ET demonstrated a linear decrease 
(ET=171.418–0.078× GA (weeks), p<0.001, r2=0.002).

Verifications for the parametric models of LV Mod- MPI, 
IRT and ET with advancing GA based on the longitudinal 

Table 6 The normal reference ranges of fetal left ventricular ET based on the cross- sectional data with the manual and 
automatic measurements

Weeks of 
gestation No Mean SD

Percentile

5 10 25 50 75 90 95

20–24 weeks

  Manual 1710 170 9 155 158 163 169 175 182 186

  Auto 1528 170 9 155 159 164 170 175 181 185

28–32 weeks

  Manual 1486 169 11 153 157 163 169 176 183 188

  Auto 1475 170 11 152 157 163 169 176 184 189

34–38 weeks

  Manual 1178 168 12 149 153 161 169 177 183 188

  Auto 1057 169 12 148 154 160 169 178 186 189

ET, ejection time.

Table 7 The agreements between the manual and automated measurements of fetal Mod- MPI obtained at 20–24, 28–32, 
34–38 weeks of gestation

Weeks of gestation Mean SD Lower of 90% CI Upper of 90% CI

20–24 0.007 0.040 −0.008 −0.005

28–32 0.003 0.040 −0.004 −0.001

34–38 0.004 0.041 −0.006 −0.002

Mod- MPI, Modified Myocardial Performance Index.
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data are shown in figure 5. Similar to the cross- sectional 
data, the longitudinal study data also showed that Mod- 
MPI, IRT and ET had a linear correlation with GA 
(p<0.001,=0.001, 0.002, respectively), but no significant 
difference was seen for ICT with advancing GA (p>0.05).

Normal reference ranges for the parameters of fetal heart 
function
The normal reference ranges for LV- Mod- MPI, IRT, ICT 
and ET based on the cross- sectional data with manual and 
automatic methods are shown in tables 3–6.

Since the inclusion was that women underwent at least 
one ultrasound scan at 20–24, 28–32 or 34–38 weeks of 
gestation, the number of patients at each GA was different 
and less than 2081.

Agreement between the manual and automated 
measurements of fetal Mod-MPI
Equivalence limits for the differences between paired 
manual and automated measurements were based on the 
clinical significance of fetal Mod- MPI. Equivalence was 
considered if the 90% CI of the mean of the differences 
between the paired manual and automated measure-
ments was within 0.01. The agreements between the 
manual and automated measurements obtained at 20–24, 
28–32 and 34–38 weeks of gestation were within these 
limits (table 7).

DISCUSSION
The normal reference ranges of fetal LV Mod- MPI by 
pulsed Doppler were established, and both the cross- 
sectional and longitudinal data demonstrated a linear 
correlation between GA and Mod- MPI. In fact, not only 
previously published normal ranges of fetal Mod- MPI 
exhibit wide variations among studies but also the changes 
of fetal LV Mod- MPI with advancing weeks of gestation 
are conflicting3–13 (table 8). Therefore, it is necessary to 
provide longitudinal validation of the temporal changes 
and normal references of fetal LV Mod- MPI to control 
for confounding factors. The results demonstrated that 
fetal Mod- MPI in the left ventricle was relatively constant 
throughout gestation, showing only a slight increase from 
20 to 24 weeks (mean, 0.44; 95th percentile, 0.52) to 34–38 
weeks (mean, 0.45; 95th percentile, 0.55) as pregnancy 
advanced. We decided a priori that the normal reference 
values for fetal LV- Mod- MPI would be produced from 
the cross- sectional data, as we hypothesised that a larger 
sample size of cross- sectional data would be more repre-
sentative than an exclusively longitudinal study design. 
Prior to this study, the largest study reporting normal 
ranges of fetal LV Mod- MPI was from a single centre in 
Spain, based on cross- sectional data from 730 women.12 
However, their results showed higher normal references 
of fetal LV- Mod- MPI, which are not applicable for the 
Chinese population.

Considering the small change in the time interval 
can lead to significant alteration in fetal LV Mod- MPI, 

we further analysed the changes in the time intervals in 
relation to GA. Throughout gestation, there was a small 
decrease in ET, while IRT increased slightly. ICT seemed 
to be constant with advancing GA. Actually, the alter-
ations of time intervals with pregnancy advancement 
were inconsistent for singleton pregnancies in previous 
studies during the past 20 years (table 8). There were only 
three studies with longitudinal data among the twelve 
studies,4 13 14 while most were cross- sectional or descrip-
tive, as shown in table 8. Both Meriki et al13 and Lee et 
al4, with longitudinal data, showed that the Mod- MPI and 
IRT increased with advancing GA. In addition, Meriki et 
al13 suggested that ICT was constant and ET decreased 
throughout gestation. These results were similar to our 
findings.

Our results were verified using longitudinal data from 
610 women, which showed that these results were reliable. 
However, the rigorous definition of longitudinal cases 
that underwent the entire series of (three) ultrasound 
examinations at 11–14, 20–24, 28–32, and 34–38 weeks 
of gestation resulted in the sample size being relatively 
small.

We also demonstrated agreement between manual and 
automated measurements for fetal Mod- MPI. Both the 
mean and 95% CIs of the parameters (Mod- MPI, IRT, ICT 
and ET) of fetal heart function were very close using both 
methods of measurement. It has been previously reported 
that automation of fetal Mod- MPI shows excellent repro-
ducibility and reduces the subjectivity of operators.23 Our 
findings suggest that this automation is reproducible and 
accurate with a large sample size, which means that it is a 
reliable technique for measuring fetal left Mod- MPI. This 
may allow for wider clinical application of measurements 
of fetal Mod- MPI due to its convenience and time savings.

CONCLUSIONS
We created normal reference ranges of fetal LV Mod- MPI 
by pulsed Doppler in a prospective, large, multicentre 
study using healthy mothers and fetuses. Automated 
measurement of fetal LV Mod- MPI could be considered 
for convenience and time savings, as there is good agree-
ment between automated and manual values.
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