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ABSTRACT

Objectives:  The primary objective was to compare the fetal myocardial performance index (MPI) 
among pregnant women with chronic hypertension and women with normal blood pressure. 
The secondary objectives were to evaluate whether the fetal MPI can predict adverse perinatal 
outcomes and to assess uterine, middle cerebral, and umbilical arteries in pregnant women 
with chronic hypertension and normal blood pressure.

Materials and Methods:  A cross-sectional study enrolled singleton pregnancies with a gestational 
age of 28-32 weeks in the antenatal clinic at King Chulalongkorn Memorial Hospital between 
April 2020 - April 2021.  This study divided pregnant women into two groups, those with 
normal blood pressure and those with chronic hypertension. The fetuses were evaluated for 
growth, amniotic fluid volume, and fetal cardiac function.

Results:  The median of modified MPI was not different between chronic hypertension and control 
groups (0.49 vs 0.47, p = 0.691, adjusted p = 0.299). The median of the Doppler studies 
showed no differences between groups in the left uterine artery pulsatility index (PI) (0.78 
vs 0.76, p = 0.085, adjusted p = 0.902), right uterine artery PI (0.83 vs 0.75, p = 0.159, 
adjusted p = 0.442), umbilical artery PI (0.94 vs 0.93, p = 0.982, adjusted p = 0.060), middle 
cerebral artery PI (1.86 vs 1.80, p = 0.311, adjusted p = 0.05). The chronic hypertension 
group developed more maternal adverse outcomes, such as gestational age at birth (36.8 
± 2.19 vs 38.2 ± 1.31, p < 0.001, adjusted p < 0.001). Women in the chronic hypertension 
group also experienced more neonatal adverse outcomes, including length of hospital stays 
(4.0 vs 3.0, p < 0.001, adjusted p = 0.001). No differences were found in other neonatal 
adverse outcomes.    

Conclusion:  There was no difference in the median of the MPI between pregnant women with 
normal blood pressure and women with chronic hypertension. The Doppler studies of the 
umbilical artery, middle cerebral artery, and uterine artery were not different between the 
chronic hypertension group and the control group. The modified MPI may not be predictive 
of perinatal outcomes.
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การตรวจคลื่นเสียงความถี่สูงเพื่อประเมินการทำ�งานของหัวใจของทารกในสตรีตั้ง

ครรภ์ที่มีภาวะความดันโลหิตสูงก่อนการตั้งครรภ์    
   
ธัญลักษณ์ บุญประสิทธิ์, ธีระภัทร เจริญวิทย์์

บทคัดยอ

วัตถ​ุประสงค:  เพือ่เปรยีบเทยีบการทำ�งานของหวัใจทารกในครรภร์ะหวา่งสตรตีัง้ครรภท์ีม่ภีาวะความดนัโลหติสงูกอ่นการ
ตั้งครรภ์กับสตรีตั้งครรภ์ที่มีความดันโลหิตปกติในช่วงอายุครรภ์ 28-32 สัปดาห์ เพื่อศึกษาค่าการทำ�งานของหัวใจทารกใน
สตรีตั้งครรภ์ที่มีภาวะความดันโลหิตสูงก่อนการตั้งครรภ์ในช่วงอายุครรภ์ 28-32 สัปดาห์ สามารถทำ�นายภาวะแทรกซ้อน
ต่อทารกในครรภ์ และเพื่อศึกษาความต้านทานของเส้นเลือด uterine artery, middle cerebral artery, umbilical artery 
ในสตรีตั้งครรภ์ที่มีความดันโลหิตสูงก่อนการตั้งครรภ์โดยเปรียบเทียบกับสตรีตั้งครรภ์ที่มีความดันโลหิตปกติในช่วงอายุ
ครรภ์ 28-32 สัปดาห์
วัสดุและวิธีการ: รูปแบบการศึกษาเป็นการศึกษาแบบ cross sectional study ในสตรีตั้งครรภ์เดี่ยวที่มีอายุครรภ์ระหว่าง 
28-32 สัปดาห์ ที่มารับการตรวจฝากครรภ์ที่โรงพยาบาลจุฬาลงกรณ์ ในช่วงเดือน เมษายน พ.ศ.2563 - เมษายน 2564 ใน
การศึกษานี้แบ่งสตรีตั้งครรภ์เป็น 2 กลุ่ม คือ กลุ่มสตรีตั้งครรภ์ที่มีภาวะความดันโลหิตสูงก่อนการตั้งครรภ์หรือมีความดัน
โลหิตสูงก่อนอายุครรภ์ 20 สัปดาห์ และกลุ่มสตรีตั้งครรภ์ที่มีความดันโลหิตปกติ สตรีตั้งครรภ์ทั้ง 2 กลุ่มจะได้รับการตรวจ
คลื่นเสียงความถี่สูงประเมินนํ้ำ�หนักทารก ปริมาณนํ้ำ�ครํ่่ำ� ความต้านทานของเส้นเลือด uterine artery, middle cerebral 
artery, umbilical artery และการทำ�งานของหัวใจทารก (modified myocardial performance index)
ผลการศึกษา: ค่าการทำ�งานของหัวใจทารก (modified myocardial performance index) ไม่แตกต่างกันระหว่างสตรีตั้ง
ครรภ์ที่มีความดันโลหิตสูงก่อนการตั้งครรภ์กับสตรีตั้งครรภ์ที่มีความดันโลหิตปกติ (0.49 vs. 0.47, p=0.691, adjusted 
p=0.299)  ค่ามัธยฐานของค่าความต้านทานของเส้นเลือด left uterine artery PI (0.78 vs. 0.76, p=0.085, adjusted          
p=0.902), right uterine artery PI (0.83 vs. 0.75, p=0.159, adjusted p=0.442), umbilical artery PI (0.94 vs. 0.93, 
p=0.982, adjusted p=0.060)  และ middle cerebral artery PI (1.86 vs. 1.80, p=0.311, adjusted p=0.050) ไม่แตก
ตา่งกนัระหวา่งสตรต้ัีงครรภ์ทัง้สองกลุม่ ในกลุม่สตรตีัง้ครรภท์ีม่คีวามดนัโลหติสงูกอ่นการตัง้ครรภม์ภีาวะแทรกซอ้นตอ่มารดา
มากกว่ากลุ่มสตรีตั้งครรภ์ที่มีความดันโลหิตปกติ ได้แก่ อายุครรภ์ที่คลอดบุตร (36.8 ± 2.19 vs 38.2 ± 1.31, p < 0.001, 
adjusted p < 0.001) และมีภาวะแทรกซ้อนต่อทารกหลังคลอดมากกว่า ได้แก่ ระยะเวลานอนโรงพยาบาลนานกว่า (4.0 
vs 3.0, p < 0.001, adjusted p=0.001) ส่วนภาวะแทรกซ้อนอื่นๆ ต่อทารกพบว่าไม่แตกต่างกัน
สรุป:  ค่าการทำ�งานของหัวใจทารก (modified myocardial performance index) ความต้านทานของเส้นเลือด umbilical 
artery, middle cerebral artery และuterine artery ไม่แตกต่างกันระหว่างสตรีตั้งครรภ์ที่มีความดันโลหิตสูงก่อนการตั้ง
ครรภก์บัสตรตีัง้ครรภ์ทีม่คีวามดันโลหติปกต ิและจากการศกึษาแสดงใหเ้หน็วา่คา่การทำ�งานของหวัใจทารกในสตรีตัง้ครรภ์
ที่มีภาวะความดันโลหิตสูงก่อนการตั้งครรภ์ไม่สามารถทำ�นายภาวะแทรกซ้อนต่อทารกในครรภ์

คำ�สำ�คัญ:  ภาวะแทรกซ้อนต่อทารกในครรภ์, ภาวะความดันโลหิตสูงก่อนการตั้งครรภ์, ค่าการทำ�งานของหัวใจทารก, 
Modified myocardial performance index (Mod-MPI) 
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Introduction 
	 When hypertension is diagnosed before 

pregnancy or before 20 weeks of gestation, it is 

defined as chronic hypertension. Chronic hypertensive 

disease is reported in 0.5 - 5% of pregnancies(1,2).  The 

prevalence of chronic hyper tension at King 

Chulalongkorn Memorial Hospital was 3.24% in 2017. 

The risk of chronic hypertension increases with 

obesity and advanced maternal age.

	 Chronic hypertension is related to insulin 

res i s tance  and  endo the l i a l  dys func t i on . 

Correspondingly, pregnancy complications such as 

preeclampsia and gestational diabetes mellitus (GDM) 

are also associated with insulin resistance and 

endothelial dysfunction(3,4,5). The most common 

comorbidities are pregestational diabetes, thyroid 

disorders, chronic renal disease, and collagen 

vascular disease(6).

	 Chronic hypertension is a risk factor for many 

adverse maternal and neonatal outcomes. Significant 

maternal morbidities are stroke, renal failure, 

pulmonary edema, severe preeclampsia, and 

placental abruption. Neonatal morbidities are fetal 

growth restriction, prematurity, low birth weight, 

respiratory distress syndrome, and stillbirth(7, 8, 9,10). 

Pregnant women with this condition should be 

managed with appropriate maternal and fetal 

surveillance.

	 Chronic hypertension in pregnancy has also 

been attributed to placenta abnormalities such as 

decreased placenta vessel numbers, placental 

infarction, villous fibrinoid necrosis, and avascular villi. 

When the placenta is abnormal, it can cause fetal 

hemodynamic change, which can induce changes in 

fetal cardiac function. 

	 Currently, fetal surveillance is conducted by a 

nonstress test (NST) and ultrasound. Ultrasound 

assesses fetal weight, amniotic fluid, Doppler 

waveform of vessels, and the myocardial performance 

index (MPI).  MPI can be considered a direct 

parameter of cardiac dysfunction. In combination with 

other venous and arterial parameters, MPI helps 

define the fetal condition(11). 

	 Studies have previously used the MPI to 

evaluate fetal cardiac function and predict adverse 

neonatal outcomes in conditions such as fetal growth 

restriction and preeclampsia.  In 2019, Lina Zhang et 

al. reported that fetal growth restriction fetuses had 

an increased modified MPI which could predict 

adverse perinatal outcomes(12).  Alici Davutoglu et al(13) 

found that early-onset fetal growth restriction and late-

onset fetal growth restriction fetuses have significantly 

higher modified MPI values demonstrating prenatal 

cardiac dysfunction. Sevket Balli et al(14) also 

demonstrated that the isovolumic relaxation time and 

the right and left MPI were higher in fetuses of 

preeclamptic mothers than in fetuses of non-

preeclamptic mothers.  Bhorat et al(15) also reported 

higher MPI values in the preeclamptic group. Fetal 

cardiac function was significantly impaired in 

pregnancies complicated by severe early-onset 

preeclampsia.  They concluded that the MPI could be 

integrated into routine fetal surveillance techniques.

No studies have used MPI to evaluate fetal cardiac 

status in pregnant women with chronic hypertension. 

This study was performed to compare the MPI of 

pregnant women with chronic hypertension to those 

with normal blood pressure and evaluate whether the 

MPI can predict adverse perinatal outcomes.

 

Materials and Methods
	 A cross-sectional study design recruited 

pregnant patients at the King Chulalongkorn Memorial 

Hospital antenatal clinic between April 2020 and April 

2021. The inclusion criteria were singleton pregnant 

women above 18 years old with 28 - 32 weeks 

gestational age. The exclusion criteria were fetal 

structural or chromosome anomaly, underlying 

maternal disease (renal, liver, connective tissue 

disease), and tocolytic agents. 

	 This study was divided into a control group of 
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pregnant women with normal blood pressure and a 

case group of pregnant women with chronic 

hypertension.  Chronic hypertension in pregnancy was 

defined as hypertension diagnosed or present before 

pregnancy or before 20 weeks of gestation with a 

systolic blood pressure of 140 mm Hg or more, a 

diastolic blood pressure of 90 mm Hg or more, or both 

documented by a minimum of two determinations 

taken at least 4 hours apart(16).

	 No study had previously evaluated fetal cardiac 

function in pregnant women with chronic hypertension. 

This pilot study estimated the mean MPI in pregnant 

women with chronic hypertension. The sample size 

was calculated following Sevket Balli et al(14) and using 

a sample size calculation from two independent 

means. A minimum of 34 pregnant women 

corresponding to the criteria were required for the 

case and control groups.

	 The primary outcome of this study was to 

compare the fetal MPI between pregnant women with 

chronic hypertension and women with normal blood 

pressure. The secondary outcomes were to evaluate 

whether the fetal MPI in pregnant women with chronic 

hypertension can predict  adverse perinatal outcomes 

and assess the uterine artery, middle cerebral artery, 

and umbilical artery in pregnant women with chronic 

hypertension and pregnant women with normal blood 

pressure.

	 All the women gave informed consent before 

enrolling in the study. The study was approved by the 

Institutional Review Board (IRB) at King Chulalongkorn 

Memorial Hospital. The fetuses were evaluated for 

growth, amniotic fluid volume, and fetal cardiac 

function. Fetal biometric measurements included 

biparietal diameter, head circumference, abdominal 

circumference, and femur length. Fetal weight was 

estimated. Doppler measurements of the umbilical 

artery (UA), middle cerebral artery (MCA), and uterine 

artery were assessed. Fetal cardiac function was 

evaluated using a modified MPI. A single operator 

(well-trained Maternal-Fetal medicine fellow under 

supervision by MFM staff) measured all parameters 

using the GE Voluson E10 (GE Medical Systems, 

Kretztechnik, Zipf, Austria). The intraclass correlation 

coefficient was 0.860 (95% confidence interval (CI) 

0.578-0.962).

Modified myocardial performance index

	 A cross-sectional image of the five-chamber 

view of the fetal heart and an apical projection of the 

heart were obtained.  The Doppler sample volume 

was placed on the lateral wall of the ascending aorta, 

below the aortic valve (AV), and above the mitral valve 

(MV). The ascending aorta aligns with an angle of 

insonation < 20 degrees. The Doppler trace showed 

an echo corresponding to the opening and closure of 

the mitral valve and aortic valve waveforms. The 

periods were estimated as follows: the isovolumetric 

contraction time (ICT) was estimated from the closure 

of the mitral valve to the opening of the aortic valve, 

the ejection time (ET) from the opening to the closure 

of the aortic valve, and the isovolumetric relaxation 

time (IRT) from the closure of the aortic valve to the 

opening of the mitral valve. The modified MPI was 

calculated as (ICT + IRT)/ET(17, 18).

Uterine artery Doppler assessment

	 The probe was placed longitudinally in the lower 

lateral quadrant of the abdomen. Color flow mapping 

is useful for identifying the uterine artery as it crosses 

the external iliac artery. The pulsed-wave Doppler 

sampling gate should be narrow (~ 2 mm). The 

insonation angle should be < 30°, and the peak 

systolic velocity should be > 60 cm/s. The PI was 

measured when at least three identical waveforms 

were obtained(19, 20).

Middle cerebral artery Doppler assessment

	 An axial brain section, including the thalami 

and the sphenoid bone wings, should be obtained 

and magnified. The circle of Willis and the proximal 

MCA was identified using color flow mapping. The 

pulsed-wave Doppler gate should then be placed at 

the proximal third of the MCA, and the angle of 

insonation should be kept as close as possible to 0°. 

The PI was measured when at least three identical 
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Table 1.  Baseline characteristics.

Chronic 

hypertension

(n = 40)

Normal blood 

pressure

(n = 100)

p value

Maternal age (years) 35.73 ± 4.27 32.81 ± 5.50 0.003†

Gravida (%) 0.433*

     - Primigravida 12 (30.0%) 37 (37%)

     - Multigravida 28 (70.0%) 63 (63%)

Other underlying disease (%)

     - Heart disease 0 (0%) 2 (2%) 1.000* 

     - Chronic Hepatitis B infection 0 (0%) 1 (1%) 1.000*

     - GDM 18 (45.0%) 0 (0%) < 0.001*

     - No underlying disease 22 (55.0%) 97 (97%) < 0.001*  

BMI (kg/m2) 32.42 ± 6.15 21.95 ± 3.69 < 0.001†

BMI: body mass index, GDM: gestational diabetes mellitus

Data are presented as the mean ± standard deviation or n (%).

* Fisher’s exact test or Pearson’s chi-square test. † Independent t-test.

waveforms were obtained(20, 21).

Umbilical artery Doppler assessment

	 The umbilical cord was visualized in a 

longitudinal section in a free loop and magnified to 

the maximum possible extent without fetal movements 

or breathing. The angle of insonation was less than 

60°. The PI was measured when at least three 

identical waveforms were obtained(20,22).

Statistical analysis 

	 SPSS (IBM Corp. IBM SPSS Statistics for 

Windows, version 22.0, Armonk, NY: IBM Corp) was 

used for statistical analysis.  The Kolmogorov-Smirnov 

test was used to check the normality of the variable 

distribution.  Data are presented with mean ± standard 

deviation (SD) and median (interquartile range, IQR). 

Pearson’s chi-square or Fisher’s exact test was used 

to compare categorical data. An independent t-test 

was used in a comparison of parametric variables, 

and a Mann-Whitney U test was used for comparing 

continuous data with non-normal distributions.  

Multiple regression was used to model the effect of 

different baseline characteristics on each response 

variable. Multiple logistic regression was established 

to determine the association between binary 

outcomes and chronic hypertension group adjusted 

with maternal age, gestational diabetes (GDM) and 

body mass index (BMI).  A p-value of < 0.05 was 

considered statistically significant.

Results 
	 A total of 140 pregnant women were enrolled 

in this study.  Forty women had chronic hypertension, 

and 100 women had normal blood pressure. All the 

fetuses were evaluated for growth, amniotic fluid 

volume, fetal cardiac function, and Doppler 

measurement between 28-32 weeks of gestational 

age and followed up by adverse maternal and 

neonatal outcomes.

	 The two groups’ baseline characteristics were 

compared (Table 1). The chronic hypertension group 

were older (35.73 ± 4.27 vs 32.81 ± 5.50, p = 0.003) 

and had a higher BMI (32.42 ± 6.15 kg/m2 vs 21.95 

± 3.69 kg/m2, p < 0.001). Gestational diabetes 

mellitus was also more prevalent in the chronic 

hypertension group compared to the normal group 

(45% vs 0%, p < 0.001) (Table1).	
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Table 2.  Sonographic data and comparison of UtAPI, UAPI, MCA PI.

Chronic hypertension

(n = 40)

Normal blood 

pressure

(n = 100)

p value Adjusted 

p valuey

GA at USG (weeks) 29.70 ± 1.29 30.05 ± 0.97 0.082† 0.108

EFW (grams) 1389.50

(1232.00 - 1623.00)

1521.00

(1368.75 - 1637.75)

0.039‡ 0.006

DVP (cm) 5.50 (4.45 - 6.28) 4.90 (4.35 - 5.85) 0.109‡ 0.698

Left Uterine artery PI 0.78 (0.61 - 1.31) 0.76 (0.59 - 0.92) 0.085‡ 0.902

Right Uterine artery PI 0.83 (0.63 - 1.31) 0.75 (0.63 - 1.30) 0.159‡ 0.442

Umbilical artery PI 0.94 (0.86 - 1.03) 0.93 (0.82 - 0.93) 0.982‡ 0.060

Middle cerebral artery PI 1.86 (1.62 - 2.37) 1.80 (1.63 - 2.07) 0.311‡ 0.050

USG: ultrasound, EFW: estimate fetal weight, DVP: deep vertical pocket, PI: pulsatility index

Data are presented as the mean ± standard deviation or median (interquartile range) or n (%). 
† Independent t-test. ‡ Mann Whitney U test, y Adjusted p value for maternal age, GDM, BMI, using multivariate linear regression.

	 Sonographic data, including the mean of 

gestational age at the time of ultrasound (29.70 ± 

1.29 vs 30.05 ± 0.97, p = 0.082, adjusted p = 0.108), 

median estimated fetal weight (1389.50 vs 1521.00, 

p = 0.039, adjusted p = 0.006), median deep vertical 

pocket (5.50 vs 4.90, p = 0.109, adjusted p = 0.698) 

as well as the median of the Doppler studies including 

left uterine artery PI (0.78 vs 0.76, p = 0.085, adjusted 

p = 0.902), right uterine artery PI (0.83 vs 0.75, p = 

0.159, adjusted p = 0.442), umbilical artery PI (0.94 

vs 0.93, p = 0.982, adjusted p = 0.060), middle 

cerebral artery PI (1.86 vs 1.80, p = 0.311, adjusted 

p = 0.05), were not different between chronic 

hypertension group and control group (Table 2).

	 No significant differences were found in the 

median MPI (0.49 vs 0.47, p = 0.691, adjusted p = 

0.299), isovolumetric relaxation time (44.00 vs 47.00, 

p = 0.785, adjusted p = 0.232), ejection time (173.00 

vs 178.00, p = 0.133, adjusted p = 0.179) but 

isovolumetric contraction time was decreased in 

chronic hypertension group (36.00 vs 36.00, p = 

0.380, adjusted p = 0.019) (Table 3).

Table 3. Modified myocardial performance index. 

Chronic hypertension

(n = 40)

Normal blood pressure 

(n = 100)

p value Adjusted 

p valuey

ICT, ms 36.00 (29.25 - 40.00) 36.00 (27.00 - 49.00) 0.380‡ 0.019

IRT, ms 44.00 (40.00 - 53.00) 47.00 (40.00 - 58.00) 0.785‡ 0.232

ET, ms 173.00 (157.00 - 182.00) 178.00 (169.00 - 187.00) 0.133‡ 0.179

Modified MPI 0.49 (0.40 - 0.55) 0.47 (0.40 - 0.57) 0.691‡ 0.299

ICT: isovolumetric contraction time, IRT: isovolumetric relaxation time, ET: ejection time, modified MPI: modified myocardial performance 

index.  Data are presented as the median (interquartile range)

‡ Mann Whitney U test. y Adjusted p value for maternal age, GDM, BMI, using multivariate linear regression
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	 Thirty-seven pregnant women delivered and 

collected data for maternal and neonatal outcomes 

in the chronic hypertension group. Results showed 

that pregnant women with chronic hypertension had 

more maternal adverse outcomes, such as the mean 

gestational age at delivery was lower in the chronic 

hypertension group (36.8 ± 2.19 vs 38.2 ± 1.31, p < 

0.001, adjusted p < 0.001). The other maternal 

adverse outcomes were not different (Table 4).

	 The chronic hypertension group showed more 

neonatal adverse outcomes, including length of 

hospital stays (4.0 vs 3.0, p < 0.001, adjusted p = 

0.001).  Although, other neonatal adverse outcomes 

were not distinct (Table 5).

Table 4. Maternal adverse outcomes. 

Chronic hypertension

(n = 37)

Normal blood pressure

(n = 100)

p value Adjusted 

p value

GA at birth (weeks) 36.8 ± 2.19 38.2 ± 1.31 < 0.001† < 0.001y

Preterm delivery indicated from 

preeclampsia with severe features (%)

3 (8.1%) 0 (0%) 0.019* 0.996t 

Preeclampsia with severe feature (%) 7 (18.9%) 1 (1.0%) < 0.001* 0.382t

Preterm delivery (%) 5 (13.5%) 8 (8.0%) 0.337* 0.536t

Placenta previa (%) 0 (0%) 1 (1.0%) 1.000* 1.000t

Data are presented as the mean ± standard deviation or n (%). 

* Fisher’s exact test or Pearson’s chi-square test. † Independent t-test.
y Adjusted p value for maternal age, GDM, BMI, using multivariate linear regression.
t Adjusted p value for maternal age, GDM, BMI, using multiple logistic regression.

Table 5. Maternal adverse outcomes. 

Chronic hypertension

(n = 37)

Normal blood pressure

(n = 100)

p value Adjusted 

p value

TTNB (%) 1 (2.7) 1 (1.0) 0.469* 0.571t

RDS (%) 3 (8.1) 4 (4.0) 0.387* 0.309t

EOS (%) 5 (13.5) 4 (4.0) 0.060* 0.638t

IUGR (%) 0 (0) 0 (0) 1.000* 1.000t

Jaundice (%) 7 (18.9) 5 (5.0) 0.017* 0.148t

Hypoglycemia (%) 4 (10.8) 1 (1.0) 0.019* 0.444t

No adverse outcome (%) 17 (45.9) 85 (85.0) < 0.001* 0.042t

NICU admission (%) 1 (2.7) 3 (3.0) 1.000* 0.633t

Need for ventilator (%) 6 (16.2) 4 (4.0) 0.024* 0.225t

Length of hospital 

stay (days)

median (IQR)

4.00 (3.00 - 7.00) 3.00 (3.00 - 3.50) < 0.001‡ 0.001t

TTNB: transient tachypnea of newborn, RDS: respiratory distress syndrome, EOS: early onset neonatal sepsis, IUGR: intrauterine growth 

restriction

Data are presented as the median (interquartile range) or n (%). * Fisher’s exact test or Pearson’s chi-square test. ‡ Mann Whitney U test.
y Adjusted p value for maternal age, GDM, BMI, using multivariate linear regression.
t Adjusted p value for maternal age, GDM, BMI, using multiple logistic regression.
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Discussion
	 Chronic hypertension is a risk factor for many 

adverse maternal and neonatal outcomes. Pregnant 

women with this condition should be managed with 

appropriate maternal and fetal surveillance. A 

nonstress test and ultrasound should be performed 

to assess fetal weight, amniotic fluid, Doppler 

waveform of vessels and to calculate the MPI.

	 Pregnancy with chronic hypertension can cause 

fetal growth restriction that decreases and impairs 

fetal cardiac function, such as MPI, from cardiac 

growth interference caused by nutrient supply and 

oxygen reduction, rising placental impedance, and 

chronic fetal cardiac afterload(23). We conducted a 

study comparing fetal cardiac function between 

pregnant women with chronic hypertension and 

women with normal blood pressure.  Our study found 

differences in baseline characteristics between the 

two groups.  The prevalence of GDM was higher in 

the chronic hypertension group, related to insulin 

resistance and endothelial dysfunction.  Maternal age 

and BMI were also higher in the chronic hypertension 

group.  Both groups also differed in data collected by 

sonograph, including gestational age at the time of 

ultrasound, estimated fetal weight, deep vertical 

pocket, and Doppler studies. 

	 Our results corresponded with a study from Api 

et al(24) that fetal global myocardial functioning 

assessed by modified MPI did not change in mild or 

severe preeclampsia between the two groups, which 

might have resulted from fetuses in the study not 

having complications that impacted fetal cardiac 

function such as placental insufficiency or fetal growth 

restriction. In contrast, Sevket Balli et al(14) and Bhorat 

et al(15) reported higher fetal MPI values in pregnant 

women with preeclampsia.

	 Our Doppler studies of the UA, MCA, and 

uterine artery did not reveal any differences between 

the chronic hypertension group and control group due 

to the absence of placental insufficiency or fetal growth 

restriction in both groups, which do not affect placental 

impedance and fetal cardiac afterload. On the contrary, 

Sevket Balli et al(14) found a decreased MCA PI in the 

preeclampsia group compared to the healthy group. 

Api et al(24) reported that uterine artery PI increased, 

and MCA PI decreased in severe preeclampsia 

mothers due to redistribution of fetal cardiac output 

secondary to increased placental vascular resistance.

Our study showed that compared to women with 

normal blood pressure, pregnant women with chronic 

hypertension experienced more maternal adverse 

outcomes. The mean gestational age at the delivery 

time was lower in the chronic hypertension group (36.8 

± 2.19 vs 38.2 ± 1.31, p < 0.001, adjusted p < 0.001). 

The chronic hypertension group was also associated 

with more neonatal adverse outcomes, including 

length of hospital stay; however, other neonatal 

adverse outcomes were not different. Six newborns 

needed ventilators in the chronic hypertension group. 

Three newborns were diagnosed with respiratory 

distress syndrome, and others were diagnosed with 

early onset of neonatal sepsis, transient tachypnea 

of newborns, and hypoglycemia. Most were put in an 

oxygen box at 5 liters per minute (LPM) for 1-2 days. 

Only one preterm newborn with respiratory distress 

syndrome was on continuous positive airway pressure 

(CPAP) for two days. There were two newborns with 

respiratory distress syndrome in the normal blood 

pressure group, one newborn with transient tachypnea 

of the newborn, and one newborn with early onset of 

neonatal sepsis. All of them were put in an oxygen 

box at 5 LPM for 1-2 days. However, the two groups 

had no significant correlations in the MPI with neonatal 

adverse outcomes. 

	 In addition to the lack of significant difference 

in the MPI between chronic hypertension and normal 

blood pressure groups (0.49 vs 0.47, p = 0.691, 

adjusted p = 0.299), we also found no difference in 

the MPI between chronic hypertension with neonatal 

adverse outcomes and chronic hypertension without 

neonatal adverse outcomes (0.47 vs 0.49, p = 0.784, 

adjusted p = 0.710).

	 This study’s strength was that no studies had 

used MPI to evaluate fetal cardiac status in pregnant 

women with chronic hypertension, and few have used 

MPI to predict perinatal outcomes. Since our study 
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only enrolled 40 women with chronic hypertension 

and some variables of interest had low incidence, our 

results need to be confirmed by a more extensive 

study with a larger sample.

Conclusion
	 There was no difference in the modified MPI 

between pregnant women with normal blood pressure 

and women with chronic hypertension. The Doppler 

studies of the UA, MCA, and uterine artery were also 

not different between chronic hypertension and control 

groups. Based on our results, the modified MPI may 

not be predictive of perinatal outcomes.
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