
Can the Myocardial Performance Index
Be Used as a New Predictive Factor 
for a Poor Prognosis in Fetuses With
Idiopathic Polyhydramnios?

olyhydramnios is defined as excessive accumulation of
amniotic fluid and may be associated with fetal infections
and anomalies of the gastrointestinal, cardiac, and central

nervous systems, placental tumors, multiple gestations, and mater-
nal diabetes. Irrespective of etiology, the overall incidence ranges
from 0.2% to 2%.1 Idiopathic polyhydramnios is a diagnosis of exclu-
sion, and it accounts for approximately 50% to 60% of cases.1

Idiopathic polyhydramnios was found to be an independent
risk factor for adverse perinatal outcomes, such as fetal distress,
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Objectives—The purpose of this study was to determine whether there are any changes
in cardiac function in fetuses with idiopathic polyhydramnios and also to evaluate the
value of the myocardial performance index for prediction of adverse perinatal outcomes.

Methods—A prospective case-control study was conducted with a total of 134 fetuses
between 24 and 40 weeks’ gestation. Polyhydramnios was defined as an amniotic fluid
index of greater than 24 cm. Seventy-three fetuses of healthy mothers were assigned as
the control group whereas 36 fetuses with an amniotic fluid index of 24 to 34 cm con-
stituted the nonsevere polyhydramnios group, and 31 fetuses with an amniotic fluid
index of 35 cm or greater constituted the severe polyhydramnios group. Fetal echocar-
diography was performed to compare cardiac function parameters among groups.
To determine which perinatal outcomes were independently associated with an increased
myocardial performance index, a multivariate logistic regression analysis was performed.

Results—The myocardial performance index was significantly higher in polyhydram-
nios groups compared with controls (P < .001). Among fetuses with polyhydramnios,
the myocardial performance index was significantly higher in severe polyhydram-
nios compared with nonsevere polyhydramnios (P = .003). An increased myocardial
performance index in polyhydramnios was independently associated with nonreassur-
ing fetal status (odds ratio, 2.12; 95% confidence interval, 1.41–4.53; P = .005), emer-
gency cesarean delivery (odds ratio, 1.54; 95% confidence interval, 1.12–2.37; P = .025),
and respiratory distress syndrome (odds ratio, 1.79; 95% confidence interval, 1.21–
3.87; P = .012).

Conclusions—An increased myocardial performance index is an early indicator of
adverse perinatal outcomes in pregnancies complicated by idiopathic polyhydramnios.

Key Words—fetal echocardiography; idiopathic polyhydramnios; myocardial perform-
ance index; obstetric ultrasound; perinatal outcome 
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shoulder dystocia, cesarean delivery, and respiratory dis-
tress syndrome (RDS).1 The possible proposed mecha-
nism was alterations in fetal oxygen metabolism and
circulation in polyhydramniotic fetuses.2 However,
because of a lack of definitive studies, the role of antenatal
surveillance in pregnancies complicated by idiopathic poly-
hydramnios is uncertain. Concerning this issue, 2 studies
reported the possible effect of the amniotic fluid pressure
on uteroplacental circulation and observed a negative cor-
relation between the amniotic fluid index and Doppler flow
in the middle cerebral artery.3,4

Another way to evaluate fetal well-being is to assess
fetal cardiac performance. Assessment of myocardial veloc-
ities is useful for detection of subtle cardiac dysfunction
even in preclinical stages of cardiac adaptation to various
perinatal insults.5 The myocardial performance index is a
highly sensitive measure of cardiac dysfunction, which
has been shown to be increased in a number of illnesses.
This parameter is based on a noninvasive Doppler sono-
graphic examination of combined systolic and diastolic func-
tion to evaluate global myocardial performance.6 Elevation
of the myocardial performance index was reported to be a
persistent sign and remained higher in complicated preg-
nancies, such as those with growth restriction, preeclamp-
sia, gestational diabetes, and hydrops fetalis, when evaluating
fetal cardiac adaptive changes.4,6,7 However, to our knowl-
edge, the myocardial performance index has not been eval-
uated before in fetuses with idiopathic polyhydramnios.

Therefore, the aim of our study was to investigate fetal
cardiac function in fetuses with idiopathic polyhydramnios
and compare it with that in healthy control fetuses. In addi-
tion, our second aim was to evaluate the value of the myocar-
dial performance index for prediction of adverse perinatal
outcomes in idiopathic polyhydramnios.

Materials and Methods

We conducted a prospective case-control study between
October 2014 and June 2015 in the perinatology depart-
ment of a tertiary referral center. The study was approved
by the local Ethical Committee at our hospital (date, 
September 30, 2014; number, 13-6), and written informed
consent was obtained from all participants. The study
included singleton pregnancies with idiopathic polyhy-
dramnios and healthy control fetuses between 24 and 40
weeks’ gestation. Polyhydramnios was defined sono-
graphically as an amniotic fluid index of greater than 24 cm
and considered idiopathic if the exact etiology was not deter-
mined in utero or during the postpartum period.8 Women
with drug use, systemic disease, gestational or pregestational

diabetes mellitus, rhesus incompatibility, intrauterine infec-
tion, a growth-restricted fetus, fetal structural or chromo-
somal anomalies, and placental anomalies were excluded.
Women whose neonates had postpartum diagnoses of
anomalies or infections were excluded as well. The control
group consisted of healthy pregnant women who were
admitted to the antenatal care unit with a normal amount
of amniotic fluid (amniotic fluid index between 5 and 24
cm) and were individually matched with cases by gesta-
tional age at admission. All pregnancies were monitored
until birth and delivered in our hospital.

Demographic data for the women, including age, parity,
body mass index, smoking habit, type of conception (in vitro
fertilization versus spontaneous), fetal sex, and gestational
age at admission were recorded. Gestational age was deter-
mined by the last menstrual period and confirmed by first-
trimester sonographic measurement of crown-rump length.
The following procedure was recommended to the women
with polyhydramnios at our institution: screening for fetal
structural and chromosomal abnormalities, diabetes, 
fetal anemia (by the middle cerebral artery peak systolic
velocity [PSV]) and maternal serologic testing to deter-
mine exposure to infectious agents (toxoplasma, rubella,
cytomegalovirus, syphilis, and parvovirus). All women admit-
ted to the perinatology department underwent a compre-
hensive sonographic evaluation before any medication
(including steroids) by 1 of 2 experienced operators (C.G.
and A.E.) using a 5-MHz transabdominal convex trans-
ducer and an Accuvix A30 ultrasound machine (Samsung
Medison, Seoul, Korea).

All pregnancies were evaluated for fetal anomalies,
fetal growth, amniotic fluid volume, Doppler flow in the
umbilical and middle cerebral arteries, and fetal echocar-
diographic findings. Doppler waveform and fetal echo -
cardiographic recordings were performed in the absence
of fetal movements and breathing. Pulsatility indices (PI)
of the umbilical artery and middle cerebral artery were
sampled at the lowest feasible insonation angle during
episodes of fetal inactivity and apnea. The umbilical artery
PI was obtained from a free loop of cord at least 5 cm from
either the placental or fetal insertion. After localization of
vascular structures of the Willis polygon with color
Doppler sonography, the middle cerebral artery PI was
measured from a point approximately 1 cm from the
artery origin. At least 3 clear and consistent Doppler spec-
tral waveforms were recorded, and the clearest waveform
was measured for final analysis.

To evaluate cardiac changes, a systematic 2-
 dimensional fetal echocardiographic scan was performed.
A 2-mm Doppler sample volume and a wall filter setting of
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200 to 400 Hz were used in the scan. Early ventricular
filling (E-wave) and active atrial filling (A-wave) peak
velocities were recorded from the apical 4-chamber view
by the pulsed wave Doppler method with the sampling site
positioned at the tip of the mitral or tricuspid leaflets dur-
ing diastole. Pulmonary arterial and aortic PSVs were
recorded from the parasternal short-axis view or the apical
long-axis view with the Doppler sampling site positioned
just below the pulmonary or aortic valve, respectively. The
times to aortic and pulmonary artery PSVs were calculated
as the time difference from the onset of the waveform to
its PSV. The myocardial performance index was obtained
in a cross-sectional image of the fetal thorax at the 4-cham-
ber view, as previously described.9 The Doppler sample
volume was placed on the medial wall of the ascending
aorta, including the leaflets of the aortic and mitral valves.
The fastest Doppler sweep (15 cm/s) was used, and the
E/A waveform was always displayed as positive flow.
Clicks corresponding to the opening and closing of the 2
valves in the Doppler tracing were used as landmarks to
calculate the following 3 periods: isovolumetric relax-
ation time from the closure of the aortic valve to the open-
ing of the mitral valve, isovolumetric contraction time from
the closure of the mitral valve to the opening of the aortic
valve, and ejection time from aortic valve opening to clo-
sure. The myocardial performance index was calculated by
the following formula: myocardial performance index =
(isovolumetric contraction time + isovolumetric relaxation
time)/ejection time (Figure 1). In each selected plane, the
angles between the transducer beam and the blood flow
direction were kept at less than 30°, and no angle correc-
tions were made. Three consecutive recordings were per-
formed, and the mean was used for analysis.

In cases of idiopathic polyhydramnios, we performed
a nonstress test and biophysical profile every week until
delivery. If antenatal surveillance was satisfactory, labor
was induced at 37 weeks’ gestation in severe polyhydram-
nios and at 39 to 40 weeks in nonsevere polyhydramnios.
Amnioreduction is generally recommended in women
with severe discomfort or preterm labor. However, there
were no cases requiring amnioreduction during the study
period. After delivery, perinatal outcomes, including non-
reassuring fetal status, cord prolapses, placental abruption,
stillbirth, fetal malposition, gestational age at delivery,
mode of delivery, uterine atony, birth weight, Apgar scores
at 1 and 5 minutes, emergency intubation (within 24 hours
after birth), early-onset neonatal sepsis, early neonatal
death, RDS, admission neonatal intensive care unit admis-
sion, and phototherapy, were obtained from the medical
records. Nonreassuring fetal status was defined as an abnor-

mal fetal heart rate tracing as described by the National
Institute of Child Health and Human Development.10

To compare the clinical characteristics, Doppler find-
ings, and perinatal outcomes, we also divided the polyhy-
dramnios group into severe (amniotic fluid index, ≥35 cm)
and nonsevere groups (amniotic fluid index, 24–34 cm)
groups according to their amniotic fluid index at admission.
We further examined the relationship between an increased
myocardial performance index and adverse perinatal out-
comes by dividing cases with polyhydramnios into groups
with a myocardial performance index below the 95th per-
centile and a myocardial performance index above the
95th percentile according to the nomogram described
previously.11

Statistical analyses were performed with SPSS version
20.0 software for Windows (IBM Corporation, Armonk,
NY). Data were expressed as mean ± standard deviation
for continuous variables and number of cases and per-
centage for categorical variables. Comparisons of multiple
variables between the control, nonsevere, and severe poly-
hydramnios groups were performed by 1-way analysis of
variance. To identify the source of differences among the
groups, the Tukey honestly significant difference post hoc
test was used. Continuous parametric variables in the groups
with a myocardial performance index below and above
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Figure 1. Measurement of the left ventricular myocardial performance

index using pulsed wave Doppler-derived blood flow velocity wave-

forms. ET indicates ejection time; ICT, isovolumetric contraction time;

and IRT, isovolumetric relaxation time.
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the 95th percentile were compared by the independent
Student t test. Categorical data were analyzed by a χ2 test.
A multivariate logistic regression analysis was performed
to determine which perinatal outcomes were independ-
ently associated with an increased myocardial performance
index. Odds ratios and their 95% confidence intervals were
calculated. P < .05 was considered statistically significant.
To assess the reproducibility of the results, intraobserver
reliability and interobserver reliability were tested by repeat-
ing the measurements in 20 randomly selected women.
The first observer performed the measurements in each
woman, and then the second observer assessed the same
parameters without knowledge of the results that had been
obtained by the other observer. Using an αvalue of .05 and
power of 80%, it was calculated that our sample size was
enough to provide statistical significance.

Results

Eighty pregnant women with polyhydramnios and 80 con-
trol patients were recruited initially. Thirteen cases with
polyhydramnios were excluded: 4 cases had congenital
anomalies at birth (small diaphragmatic hernia without
stomach herniation [n = 1], mild form of isolated microg-
nathia [n = 1], neuromuscular malfunction [n = 1], and
Down syndrome [n = 1]); 5 cases delivered at other hos-
pitals; and 4 cases had incomplete data. Finally, 134 cases
(73 healthy control cases and 67 cases of polyhydramnios)
were analyzed.

The characteristics of the groups (control, nonsevere
polyhydramnios, and severe polyhydramnios) are pre-
sented in Table 1. There were no statistically significant
differences among the groups in terms of maternal age,
parity, body mass index, type of conception, smoking habit,

fetal sex, and gestational age at admission. Although the
umbilical artery PI values were also similar in the groups, a
statistically significant difference was detected in middle
cerebral artery PI values between the groups. Post hoc
analysis showed that the mean middle cerebral artery PI
values were significantly lower in the severe polyhydram-
nios group compared with the nonsevere polyhydramnios
and control groups.

Conventional echocardiographic parameters are
shown in Table 2. The heart rate, time to aortic PSV, aortic
PSV, time to pulmonary artery PSV, pulmonary artery PSV,
right E and A velocities, left E and A velocities, and E/A
ratios of the right and left ventricles were similar among
the groups. The myocardial performance index was signif-
icantly higher in the fetuses of women with polyhydram-
nios compared with controls (Figure 2). Post hoc analysis
revealed that the myocardial performance index was sig-
nificantly higher in the polyhydramnios groups than the
control group and was also higher in the severe polyhy-
dramnios group than the nonsevere polyhydramnios group.
Of the 3 components of the myocardial performance
index, the isovolumetric contraction time was similar in all
groups, whereas the isovolumetric relaxation time was sta-
tistically longer and the ejection time was statistically shorter
in the fetuses from the polyhydramnios groups compared
with controls. Table 3 presents Z scores and percentiles for
5th percentile, mean, and 95th percentile values of Doppler
and cardiac parameters in the severe polyhydramnios group.

To assess the relationship between perinatal out-
comes and the myocardial performance index, the 67 cases
with polyhydramnios were classified into 2 groups accord-
ing to whether they had a normal (<95th percentile) or an
increased (>95th percentile) fetal myocardial performance
index (Table 4). An increased myocardial performance index
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Table 1. Clinical Characteristics of the Study Groups

Nonsevere Severe

Control Polyhydramnios Polyhydramnios

Characteristic (n = 73) (n = 36) (n = 31) P

Maternal age, y 25.4 ± 6.4 27.8 ± 3.4 26.7 ± 6.9 .148

Parity 0.82 ± 0.98 0.81 ± 1.1 0.93 ± 1.1 .849

Body mass index, kg/m2 25.7 ± 2.6 26.8 ± 2.6 26.4 ± 2.7 .136

In vitro fertilization 2 0 1 .581

Smoker 5 2 2 .967

Male 34 20 14 .618

Gestational age at admission, wk 32.8 ± 4.1 33.3 ± 4.5 32.3 ± 3.6 .600

Umbilical artery PI 0.88 ± 0.18 0.92 ± 0.22 0.97 ± 0.21 .109

Middle cerebral artery PI 1.82 ± 0.28 1.75 ± 0.37 1.50 ± 0.27 <.001

Middle cerebral/umbilical artery PI 2.12 ± 0.39 1.98 ± 0.54 1.62 ± 0.43 <.001

Data are presented as mean ± SD and number where applicable.
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was significantly related to non and reassuring fetal status,
preterm birth, emergency cesarean delivery, 1-minute Apgar
score of less than 7, RDS, and neonatal intensive care unit
admission. Additionally, we constructed a multivariate
regression model to assess whether the myocardial 
performance index was an independent risk factor for
perinatal outcomes (Table 5). An increased myocardial
performance index in idiopathic polyhydramnios was
found to be an independent and statistically significant risk
factor for nonreassuring fetal status, emergency cesarean
delivery, and RDS.

The intraclass correlation coefficients for intraobserver
agreement regarding measurement of the myocardial per-
formance index were 0.921 (95% confidence interval,
0.840–0.965) for A.E. and 0.914 (95% confidence inter-
val, 0.824–0.959) for C.G. The intraclass correlation coef-
ficient for interobserver reliability was 0.876 (95%
confidence interval, 0.812–0.951). 

Discussion

This study has revealed that fetuses with idiopathic poly-
hydramnios have substantial cardiac dysfunction, as
demonstrated by significantly higher myocardial perform-
ance index values compared with healthy control fetuses.
Furthermore, our results suggested that among idiopathic
polyhydramnios groups, pregnancies with an increased
myocardial performance index had significantly higher
rates of adverse perinatal outcomes.

Fetal cardiac functions can be affected by several
maternal and fetal conditions. Growth restriction is one of
the most common and important cause of fetal cardiovas-
cular deterioration.12 The leading cause of ventricular
remodeling in growth-restricted fetuses is mainly an
increased afterload secondary to increased placental vas-
cular resistance.13 An increased afterload can also occur as
a result of other conditions in fetal life, such as hypervolemia
in the recipient fetus of twin-twin transfusion syndrome.7
In this syndrome, increased placental vascular resistance
in addition to hypervolemia results in an impaired myocar-
dial performance index.7 Based on these findings, fetal
cardiac function is expected to change in the setting of
increased placental resistance or hypervolemia.

It was previously reported that polyhydramnios was
responsible for increased pressure in the amniotic cavity.2
Nicolini et al14 showed that pregnancies with polyhy-
dramnios were associated with higher intra-amniotic pres-
sures than those with normal and diminished amniotic
fluid levels. The increased amniotic pressure compresses
the placenta and reduces the effective circulating blood vol-
ume of the fetoplacental unit by pooling the blood inside
the fetal and placental veins.4 Subsequently, oxygen deliv-
ery to the placenta and fetus is altered, possibly leading to
redistribution or centralization of the arterial circulation 
to the vital organs.4 The increased pressure over the pla-
centa results in an increased afterload, which may also
impair normal cardiac function of the fetus. Supporting this
hypothesis, a decrease in the middle cerebral artery PI, a
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Table 2. Cardiac Function Parameters in the Study Groups

Nonsevere Severe

Control Polyhydramnios Polyhydramnios

Characteristic (n = 73) (n = 36) (n = 31) P

Heart rate, beats/min 143.7 ± 12.7 140.8 ± 12 145.5 ± 14.9 .329

Time to aortic PSV, s 0.057 ± 0.006 0.056 ± 0.006 0.055 ± 0.007 .169

Aortic PSV, cm/s 89.3 ± 7.3 88.2 ± 7.0 90.8 ± 6.9 .355

Time to pulmonary artery PSV, s 0.047 ± 0.007 0.048 ± 0.007 0.045 ± 0.008 .109

Pulmonary artery PSV, cm/s 81.2 ± 7.5 82.1 ± 7.9 79.4 ± 6.9 .342

Right E velocity, cm/s 42.7 ± 6.4 41.8 ± 5.7 41.5 ± 6.5 .644

Right A velocity, cm/s 56.8 ± 5.3 55.4 ± 7.2 55.6 ± 6.9 .474

Right E/A 0.75 ± 0.09 0.76 ± 0.15 0.76 ± 0.19 .860

Left E velocity, cm/s 37.6 ± 5.8 35.5 ± 4.4 36.3 ± 5.2 .150

Left A velocity, cm/s 50.2 ± 5.02 49.1 ± 6.0 49.3 ± 6.2 .562

Left E/A 0.76 ± 0.15 0.73 ± 0.13 0.76 ± 0.18 .752

Isovolumetric contraction time, ms 33.9 ± 2.5 34.7 ± 2.9 34.9 ± 2.0 .138

Isovolumetric relaxation time, ms 40.4 ± 3.5 43.1 ± 3.7 45.7 ± 3.3 <.001

Ejection time, ms 172.2 ± 6.9 168.8 ± 5.6 165.8 ± 4.97 <.001

Myocardial performance index 0.43 ± 0.03 0.46 ± 0.03 0.49 ± 0.02 <.001

Data are presented as mean ± SD.
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Doppler sign of circulatory redistribution, has been
reported in fetuses with polyhydramnios.4 In addition, Fisk
et al2 reported an association between increased amniotic
pressures and impaired fetal acid-base status in polyhy-
dramniotic pregnancies. Therefore, it would be reasonable

to suggest that assessment of fetal myocardial function in
polyhydramniotic fetuses can show us early signs of fetal
deterioration before the peripheral fetal vessel signs are
apparent, such as a brain-sparing effect.

The increase in the myocardial performance index has
been found to be primarily due to an increase in the iso-
volumetric relaxation time and a decrease in the ejection
time. The isovolumetric contraction time has remained the
most stable parameter of the myocardial performance
index. Prolongation of the isovolumetric relaxation time
can be caused by decreased diastolic compliance. On the
other hand, the ejection time is known to be a marker of
systolic function. Therefore, the increase in the isovolu-
metric relaxation time together with the decrease in the
ejection time reflects global myocardial dysfunction. There
is a wide variation in reference values of the left cardiac
myocardial performance index in the literature. Values of
0.35, 0.41, and 0.53 that remained constant throughout
pregnancy were suggested for healthy fetuses.15–17 Also,
Tsutsumi et al18 described a gradual reduction in the
myocardial performance index of both the left and right
ventricles during gestation. In contrast, Hernandez-
Andrade et al9 described an increase from 0.35 to 0.37
between 19 and 39 weeks’ gestation. In our study, the
myocardial performance index values were 0.43, 0.46, and
0.49 in control, nonsevere polyhydramnios, and severe
polyhydramnios groups, respectively. The mean myocar-
dial performance index value of our control group was
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Figure 2. Myocardial performance indices of the study groups. The tops

of the boxes represent the 75th percentiles; the bottoms of the boxes

represent the 25th percentiles; and the lines in the middle represent the

50th percentiles. The lower and upper horizontal bars outside the boxes

represent the 5th and 95th percentiles, respectively.

Table 3. Z Scores and Percentages for 5th Percentile, Mean, and 95th Percentile Values of Doppler and Cardiac Parameters in the Severe

Polyhydramnios Group

Z Score %

5th 95th 5th 95th 

Parameter Percentile Mean Percentile Percentile Mean Percentile

Umbilical artery PI 2.42 0.50 –1.42 99.22 69.15 7.78

Middle cerebral artery PI –2.73 –1.14 0.44 0.32 12.71 67.00

Middle cerebral/umbilical artery PI –3.10 –1.28 0.53 0.10 10.03 70.19

Heart rate 2.07 0.14 –1.79 98.08 55.57 3.67

Time to aortic PSV –2.25 –0.33 1.59 1.22 37.07 94.41

Aortic PSV 1.76 0.20 –1.35 96.08 57.93 8.85

Time to pulmonary artery PSV –2.17 –0.29 1.59 1.50 38.59 94.41

Pulmonary artery PSV –1.75 –0.24 1.27 4.01 40.52 89.80

Right E velocity –0.19 –1.86 1.48 42.47 3.14 93.06

Right A velocity –0.23 –2.37 1.91 40.90 0.89 97.19

Right E/A 3.58 0.11 –3.36 99.98 54.38 0.04

Left E velocity –1.70 –0.22 1.25 4.46 41.29 10.56

Left A velocity –2.21 –0.18 1.85 1.36 42.86 3.22

Left E/A –1.97 0.00 1.97 2.44 50.00 97.56

Isovolumetric contraction time 1.72 0.40 –0.92 95.73 65.54 17.88

Isovolumetric relaxation time 3.06 1.51 –0.04 99.89 93.45 48.40

Ejection time –2.11 –0.93 0.26 1.74 17.62 39.74

Myocardial performance index 3.10 2.00 0.90 99.90 97.72 81.59
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within the normal ranges described by other authors.9,16,18

However, the literature is inadequate for comparing the
myocardial performance index values of our polyhydram-
nios groups, because, to our knowledge, a study examin-
ing the clinical application of the myocardial performance
index in pregnancies with idiopathic polyhydramnios has
not been reported previously.

The myocardial performance index values were found
to be statistically significantly higher in the severe and non-
severe polyhydramnios groups compared with healthy
fetuses. However, middle cerebral artery PI values were
significantly lower in the severe but not in the nonsevere
polyhydramnios group, suggesting that intra-amniotic
pressure should be high in severe polyhydramnios to cause
redistribution of blood flow in the fetus. The presence of
normal umbilical and middle cerebral artery PI values and
an abnormal myocardial performance index in fetuses with
nonsevere polyhydramnios shows that the myocardial per-
formance index increases before alterations in the Doppler
parameters that indicate fetal hypoxia. Our findings are in
line with previous studies that revealed abnormal myocar-
dial performance index values in the early stages of fetal
developmental problems.18,19

It is well known that idiopathic polyhydramnios is a
risk factor for increased intrapartum morbidity and peri-
natal mortality in both term and preterm fetuses.20,21

Furthermore, our study demonstrated that fetuses with
idiopathic polyhydramnios and a myocardial performance
index above the 95th percentile had an increased risk of
fetal distress, emergency cesarean delivery, and RDS.
Although the literature regarding the association between
an increased myocardial performance index and antenatal
obstetric complications is inadequate for comparisons, a
relationship between the myocardial performance index
and adverse perinatal outcomes was reported in some stud-
ies. Bhorat et al22 showed that higher myocardial perform-
ance index thresholds were predictive of adverse outcomes
in fetuses with intrauterine growth restriction. Another
study observed a significant correlation between an
increased myocardial performance index and perinatal mor-
tality, which persisted after adjustment for gestational age.23

In fetuses of poorly controlled gestational diabetes melli-
tus, a myocardial performance index of greater than 0.52
had sensitivity of 100% and specificity of 92% for predic-
tion of one of several outcomes, including stillbirth, tachyp-
nea, neonatal intensive care unit admission, and neonatal

Table 4. Perinatal Outcomes of Cases With Polyhydramnios According to the Fetal Myocardial Performance Index

Myocardial Performance Index Myocardial Performance Index 

<95th Percentile (n = 38) >95th Percentile (n = 29) 

Parameter n % n % P

Obstetric

Nonreassuring fetal status 1 2.6 9 31.0 .002

Umbilical cord prolapse 3 7.9 2 6.9 .628

Placental abruption 2 5.3 3 10.3 .372

Stillbirth 1 2.6 2 6.9 .398

Fetal malposition 7 18.4 5 17.2 .581

Preterm birth 3 7.9 8 27.6 .034

Gestational age at delivery, wk 37.5 ± 1.7 36.9 ± 1.4 .101

Vaginal delivery 20 52.6 9 31.0 .064

Elective cesarean delivery 5 13.2 1 3.4 .174

Emergency cesarean delivery 13 34.2 19 65.5 .011

Uterine atony 2 5.3 2 6.9 .585

Neonatal

Birth weight, g 3112 ± 420 2959 ± 325 .108

1-min Apgar score <7 4 10.5 11 37.9 .016

5-min Apgar score <7 3 7.9 7 24.1 .088

Emergency intubation 4 10.5 8 27.6 .108

NICU admission 5 13.2 14 48.3 .002

RDS 3 7.9 10 34.5 .003

Early neonatal sepsis 3 7.9 3 10.3 .526

Early neonatal death 0 0.0 1 3.4 .433

Phototherapy 5 13.2 4 13.8 .607

Data are presented as mean ± SD where applicable. NICU indicates neonatal intensive care unit.
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death.24 In addition, myocardial performance index eleva-
tion was significantly associated with worse perinatal out-
comes compared with a normal value, whether the umbilical
artery Doppler findings were normal or abnormal.25

Increased adverse perinatal outcomes in idiopathic poly-
hydramnios cases with an elevated myocardial perform-
ance index could partly be explained by the fact that these
pregnancies are associated with more severe fetal hypoxia
compared with pregnancies with a normal myocardial per-
formance index.

The myocardial performance index is a simple and
noninvasive Doppler parameter that uses systolic and dias-
tolic intervals for evaluating diastolic and systolic function
of the heart.7 Although the myocardial performance index
was developed as an index for assessment of the global
function of the both ventricles, studies regarding the
myocardial performance index mostly investigated the left
ventricle as a part a fetal well-being evaluation.17 The rea-
son for this approach is the right ventricular dominance of
the circulation in fetal life. As the right ventricle is less com-
pliant than the left ventricle because of its large mass, car-
diac output redistributes in favor of the left ventricle in
complicated pregnancies.7 Additionally, it is difficult to
determine right ventricular function with this method.
Pulmonary and aortic outflow tracts have to be viewed to
measure the systolic component of the right and left myocar-
dial performance index, respectively. Both atrioventricular
and aortic valves can be viewed on the same plane of the
left ventricular longitudinal view, and measurements can
be done in the same waveform. For the right ventricle, 2
planes should be obtained to measure the tricuspid and
pulmonary valves, which preclude measuring the right

myocardial performance index in the same waveform.
For this reason, in our study, we preferred to use the
myocardial performance index of the left ventricle to elim-
inate the possibility of beat-to-beat variations in the right
ventricle. Apart from the myocardial performance index,
we did not find any difference in cardiac parameters of both
ventricles in the polyhydramnios and control groups.
Reductions in E/A ratios were also reported to be helpful
for assessment of fetal compromise.26,27 However, it was
demonstrated that changes in the E/A ratio were found to
be associated with severe degrees of Doppler deterioration
as reversed flow in the umbilical artery.19 The finding of
normal E/A ratios and an increased myocardial perform-
ance index in idiopathic polyhydramnios is another piece
of evidence supporting the theory that the myocardial per-
formance index is a more sensitive and earlier marker than
other cardiac parameters of fetal hypoxia.

The strength of this study was its prospective design
and measurement of Doppler parameters by 2 experienced
examiners in the same institution. On the contrary, the lim-
itation of the study was the lack of assessment of fetal car-
diac function by tissue Doppler echocardiography, which
has been shown to have higher sensitivity than conven-
tional echocardiography for detection of subclinical car-
diac dysfunction. However, clinical applications of tissue
Doppler echocardiography are limited because of experi-
ence and training requirements for achieving competence.

As a result, this study has demonstrated that an asso-
ciation exists between idiopathic polyhydramnios and
myocardial performance index elevation. Additionally, it
was found that in pregnancies with idiopathic polyhy-
dramnios, myocardial performance index elevation was
significantly associated with adverse perinatal outcomes.
Therefore, measurement of the fetal myocardial perform-
ance index may play an important role in the management
of pregnancies complicated by idiopathic polyhydramnios
and could be integrated into clinical practice to improve out-
comes. Identification of fetuses with an increased myocar-
dial performance index could help clinicians focus on
preventive measures, including hospitalization and more
intensive surveillance, and also make decisions regarding
the timing of delivery.
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