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ABSTRACT 

Background: Fetal growth restriction (FGR), also known as intrauterine growth restriction, includes 

different conditions in which a fetus fails to reach its own growth potential. In recent years, more attention 

has been paid to changes in cardiac function in children with features of intrauterine growth retardation. 

Many articles describe the disorders appearing as early as in the fetus, revealing subclinical changes in the 

myocardium detected on echocardiographic examination. 

Objective: To evaluate the cardiac functions in intrauterine growth restricted fetuses using fetal 

echocardiography. 

Patients and methods: This were a prospective study carried out on 100 pregnant women who had singleton 

fetuses 28 weeks of gestation or older. It was conducted at Obstetrics and Gynecology Department at Bab Al-

Sh'aaria, Al-Azhar University Hospital during the period from June 2020 to May 2021. The subjects were 

divided into 2 equal groups: Group I (Patients group): women with IUGR fetuses, and Group II (Control 

group): disease free women. 

Results: The mean of inter-ventricular septal diameter (IVST) was significantly higher in fetuses with IUGR 

compared to normal fetuses. It was 54.09 ± 4.05 cm in IUGR patient’s groups compared to 44.38±1.87 cm in 

the control group. In addition, the isovolumic relaxation time (IVRT) significantly prolonged in fetuses with 

IUGR compared to normal fetuses. It was 37.53 ± 1.66 ms in IUGR patient’s groups compared to 35.18±1.08 

ms in the control group. The ejection time (ET) reduced significantly in IUGR fetuses as compared to normal 

control fetuses. The diastolic function across the right and left side of the heart was performed by calculating 

the E/A ratio across the tricuspid and the mitral valve. The average mitral E/A ratio and tricuspid E/A ratio 

were significantly higher in IUGR fetuses as compared to normal control fetuses. They were 0.74±0.05 and 

0.77±0.06 in patients group vs 0.72±0.05 and 0.73±0.05 in control group (P=0.014 & P=0.004). Also, lower 

mitral annular plane systolic excursion (MAPSE), and tricuspid annular plane systolic excursion (TAPSE) 

were recorded in IUGR fetuses (5.14±0.38 & 6.68±0.52) compared to that detected in normal fetuses 

(6.1±0.6 & 7.88±0.6). The LV-MPI and RV-MPI were calculated in all fetuses in the study population. The 

mean LV- MPI measured 0.55±0.04 in IUGR fetuses vs. 0.45±0.02 in normal fetuses, while the mean RV- 

MPI measured 0.56±0.04 in IUGR fetuses vs. 0.46±0.03 in normal fetuses.  

Conclusion: Cardiac function impaired in IUGR etuses, thus fetal Echo may be a useful tool in the 

assessment of fetus with IUGR beside to Doppler.  These data supported prenatal cardiovascular remodeling 

as a mechanistic pathway of increased risk later in life in cases of IUGR. 

Keywords: Cardiac function, Fetuses, Intrauterine growth restriction, Echocardiography. 
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INTRODUCTION 

     Intrauterine growth restriction (IUGR) 

is defined as the failure of a fetus to reach 

its growth potential and is often caused by 

placental insufficiency, leading to 

inadequate nutrients and oxygen supply to 

the fetus. IUGR occurs in 3–10% of 

pregnancies, and is one of the major 

causes of prenatal and perinatal mortality 

and morbidity (Dai et al., 2021). 

     Fetal programing is a process whereby 

permanent alterations in physiology and 

metabolism result from insult or stimuli 

during critical early periods of 

development. IUGR may be described as 

maladaptation with deleterious effects on 

the developing cardiovascular system 

(Sehgal et al., 2016). 

     The fetal cardiovascular system is also 

not spared and several studies have proved 

the effect of the pathological process of 

placental dysfunction in IUGR on the fetal 

heart. Fetal cardiac function is complex 

and depends on myocardial contractility 

as well as on extra-cardiac factors such as 

developmental maturation, loading 

conditions and fetal disease. As the foetus 

is increasingly jeopardized, signs of 

cardiovascular dysfunction appear (Basu 

et al., 2017). 

     Fetal cardiac involvement has been 

found in the late stages with 

developmental retardation, as supported 

by various studies. Accordingly, the fetal 

heart is the main organ involved in 

adaptation mechanisms to placental 

insufficiency, and fetal development 

retardation plays a central role in 

physiopathology (Palalioglu et al., 2021). 

     Fetal hypoxia leads to fetal blood flow 

being redirected to the brain and heart. 

Intrauterine growth restriction predisposes 

to lower cardiac compliance, increased 

arterial stiffness, increased cardiac 

afterload, and end-diastolic ventricular 

filling. This decrease in longitudinal 

motion and impaired relaxation may be a 

fetal adaptive mechanism to the chronic 

hypoxia and volume/pressure overload of 

placental insufficiency. These 

mechanisms, which are the heart’s attempt 

to adapt to an insult, constitute a process 

known as cardiac remodeling (Sharma et 

al., 2019). 

     Subclinical myocardial changes in term 

FGR fetuses and neonates might still have 

a detrimental impact on the burden of 

disease and increase the risk of 

cardiovascular morbidity and mortality 

later in life (Patey et al., 2019). 

     Cardiac function can be adequately 

evaluated in most fetuses when 

appropriate expertise, equipment and time 

are available. Fetal cardiac function 

assessment is a promising tool that may 

soon be incorporated into clinical practice 

to diagnose, monitor or predict outcome in 

some fetal conditions (Crispi et al., 2013). 

     Fetal echocardiography has great 

advances in recent years, and is 

characterized by an easily accessible non-

invasive method, and can be applied 

during gestation to explore the cardiac 

anatomy and function of the fetus 

accurately. Moreover, evaluation of the 

myocardial performances depends in 

majority of investigations on conventional 

Doppler US, which demonstrates global 

cardiac function (Bayoumy et al., 2020). 

     The aim of the study was to evaluate 

the cardiac functions in intrauterine 

growth restricted fetuses using fetal 

echocardiography. 
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PATIENT AND METHODS 

     This was a prospective study carried 

out on 100 pregnant women who had 

singleton fetuses, 28 weeks of gestation or 

older. It was conducted at Obstetrics and 

Gynecology Department at Bab Al-

Sh'aaria, Al-Azhar University Hospital 

during the period from June 2020 to May 

2021. The subjects were divided into 2 

equal groups: Group I (Patients group): 

Women with IUGR fetuses, and Group II 

(Control group): Disease free women. 

Inclusion criteria: Gestational age ≥28 

weeks according to a reliable date for the 

last menstrual period and ultrasound 

evaluation, singleton living fetus, and 

patient with a diagnosed IUGR fetus. 

Exclusion criteria: Gestational age less 

than 28 weeks, patients with multiple 

gestation, women with congenital 

malformation, and pregnancy. with 

chronic medical disorder, and those with 

psychosocial disorders in their 

background. 

     Approval of ethical committee was 

obtained from quality education assurance 

unit, Al-Azhar University Faculty of 

Medicine, Egypt. Verbal consent was 

taken from every patient a before 

participation in this study.  

All patients were subjected to the 

following: 

1. Delineated history was taken with 

special emphasis on: 

• Personal history, menstrual history by 

last menstrual period data and 

confirmed by first-trimester 

sonography, past history, previous 

operations, past obstetric history, 

history of drug intake, patient 

complaint, and history of the current 

pregnancy. 

2. Clinical examinations: 

• General examination especially 

measurement of weight, height and 

body mass index (BMI) using the 

formula: BMI= weight (kg) / [height 

(m)]2, and assessment of vital signs 

(body temperature, pulse and blood 

pressure) to assess the hemodynamic 

status. 

• Cardiac and chest examination. 

• Abdominal examination fundal level, 

lie and presentation of the fetus, 

auscultation of fetal heart rate (FHR), 

and presence of scar of previous 

laparotomy.   

• Local examination: for assessment of 

vaginal bleeding. 

     All cases were subjected to routine 

laboratory investigation including 

complete blood picture (CBC), blood 

group, Rh typing and urine analysis, 

liver and kidney functions, 

coagulation profile. 

3. Abdominal ultrasonography: 

     The ultrasound equipment used 

was (MINDRAY DC-30, China) using 

a 3.5- 5-MHz transabdominal probe at 

the ultrasound unit of the Obstetrics 

and Gynecology, AlAzhar University, 

Egypt.  

     All cases underwent transabdominal 

ultrasound examination at admission for 

assessment of fetal viability, number, fetal 

biometry [biparietal diameter (BPD), fetal 

length (FL), abdominal & circumference 

(AC)], placental (site & maturity), liquor 

(amount described as amniotic luid index 

(AFI) & turbidity). 
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     Patients were first scanned in the 

routine fashion using B-mode. Then, the 

vessels of interest were confirmed by 

color Doppler. The Doppler signal was 

then obtained by placing the Doppler gate 

directly over the vessel of interest. The 

flow velocity waveforms were obtained in 

periods of fetal inactivity and apnea. The 

angle of insonation was kept < 30 degrees 

in all measurements. The mechanical and 

thermal indices were maintained at < 1, 

and the wall filter was set to 70 Hz. 

Fetoplacental Doppler parameters were 

obtained from 3 or more successive 

waveforms in each vessel. Doppler 

examination included uterine arteries, the 

umbilical artery (UA), fetal middle 

cerebral artery (MCA), according to the 

International Society of Ultrasound in 

Obstetrics and Gynecology (ISUOG) 

published in 2013. UA-PI was measured 

from a free loop of the umbilical cord. 

MCA-PI was measured distal to the 

junction of the internal carotid artery in a 

transverse view of the fetal skull at the 

level of the circle of Willis (Bhide et al., 

2016). The cerebroplacental ratio was 

calculated as MCA-PI/UA-PI (Zohav et 

al., 2019). 

     Fetal echocardiography Fetal 

echocardiography included a 

comprehensive examination to assess 

structural heart integrity and rule out 

cardiac defects following standard 

protocols (Bhide et al., 2016). Then, fetal 

cardiac morphometry and function were 

evaluated (Crispi et al., 2013). Left 

myocardial performance index was 

obtained in a cross-sectional image of the 

fetal thorax, placing the Doppler sample 

volume on the medial wall of the 

ascending aorta and including the leaflets 

of the aortic and mitral valves. The final 

value of the MPI was calculated as 

follows: MPI = (ICT + IRT)/ET. Only one 

set of measurements for each patient was 

included in the analysis (Cruz-Martinez et 

al., 2011). 

Statistical analysis: 

     The collected data were coded, 

processed and analyzed using the SPSS 

(Statistical Package for the Social 

Sciences) version 22 for Windows® (IBM 

SPSS Inc, Chicago, IL, USA). Data were 

tested for normal distribution using the 

Shapiro Walk test. Qualitative data were 

represented as frequencies and relative 

percentages. Chi square test (χ2) or 

Fisher's exact test was used to calculate 

difference between two or more groups of 

qualitative variables. Quantitative data 

were expressed as mean ± SD (Standard 

deviation), median, and range.  

Independent samples t-test was used to 

compare between two independent groups 

of normally distributed variables 

(parametric data). P value < 0.05 was 

considered significant. 
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RESULTS 

 

     There was no difference between 

number of studied females with increased 

maternal age between two studied group 

(P=0.079). Moreover, the mean age of 

patients with IUGR fetuses was 

24.61±3.14 years, while the mean age of 

control subjects was 26.06±4.2 years. 

There were no statistically significant 

differences between the two groups 

regarding age (P=0.064). There were no 

statistically significant differences 

between both studied groups regarding 

BMI (P=0.647). 

     There was a statistically significant 

increase in number of cases who had 

previous history of IUGR, pregnancy-

induced hypertension, and those presented 

with anemia in patients group compared to 

control group (P=0.025, P<0.001, P=0.01; 

respectively). However, no significant 

difference was detected between both 

studied groups regarding number of cases 

who had previous history of miscarriage 

(P=0.272) (Table 2). 

     The current study showed that 

umbilical artery pulsatility index was 

significantly higher in IUGR fetuses 

compared to normal fetuses [(1.42 ±0.09 

vs. 1.14 ± 0.09); (P<0.001)]. However, 

both middle cerebral artery pulsatility 

index and cerebro-placental ratio were 

significantly lower in IUGR fetuses 

compared to normal fetuses [(1.49 ±0.13 

vs. 1.85 ± 0.25 for middle cerebral artery 

PI), and (1.06± 0.12 vs. 1.64 ±0.27 for 

cerebro-placental ratio) (P<0.001)] (Table 

1). 

Table (1): Comparison between both studied groups regarding age, BMI, parity, risk 

factors and doppler indices 

Groups 

Parameters 

Patients group 

N=50 

Control group 

N=50 
P-value 

Age (years): 

18-25 N (%) 34 (68%) 23 (46%) 

0.079 26-30 N (%) 13 (26%) 23 (46%) 

31-35 N (%) 3 (6%) 4 (8%) 

Range 

Mean ± SD 

21–33 

24.61±3.14 

18–35 

26.06±4.2 
0.064 

BMI (Kg/m2) Mean ± SD 26.96±4.06 26.64±4.2 0.647 

Parity: 

zero N (%) 12 (24%) 13 (26%) 

0.983 

1 N (%) 18  (36%) 18  (36%) 

2 N (%) 13  (26%) 11  (22%) 

3 N (%) 6  (12%) 7  (14%) 

4 N (%) 1 (2%) 1  (2%) 

Risk factors: 

History of previous 

miscarriage 

No 32(64%) 24(48%) 

0.272 1 12(24%) 17(34%) 

2 6(12%) 9(18%) 

History of previous 

IUGR 

No 24(48%) 35(70%) 
0.025 

Yes 26 (52%) 15 (30%) 

Pregnancy induced 

hypertension 

No 37(74%) 50(100%) 
<0.001 

Yes 13(26%) 0(0%) 

Presence of anemia 
No 28(56%) 40(80%) 

0.01 
YES 22(44%) 10 (20%) 
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Doppler indices: 

Umbilical artery 

pulsatility index 
Mean ± S. D 1.42±0.09 1.14±0.09 <0.001 

MCA PI Mean ± S. D 1.49±0.13 1.85±0.25 <0.001 

Cerebro-placental 

ratio 
Mean ± S. D 1.06±0.12 1.64±0.27 <0.001 

 

     The mean of inter-ventricular septal 

diameter (IVST) was significantly higher 

in fetuses with IUGR compared to normal 

fetuses. It was 54.09 ± 4.05 cm in IUGR 

patients’ groups compared to 44.38±1.87 

cm in the control group (P<0.001). In 

addition, the isovolumic relaxation time 

(IVRT) was significantly prolonged in 

fetuses with IUGR compared to normal 

fetuses. It was 37.53 ± 1.66 ms in IUGR 

patients’ groups compared to 35.18±1.08 

ms in the control group (P<0.001). 

     The ejection time (ET) reduced 

significantly in IUGR fetuses as compared 

to normal control fetuses (P<0.001). The 

diastolic function across the right and left 

side of the heart was performed by 

calculating the E/A ratio across the 

tricuspid and the mitral valve. The 

average mitral E/A ratio and tricuspid E/A 

ratio were significantly higher in IUGR 

fetuses as compared to normal control 

fetuses. They were 0.74±0.05 and 

0.77±0.06 in patients’ group vs. 0.72±0.05 

and 0.73±0.05 in control group (P=0.014 

and P=0.004). Also, lower mitral annular 

plane systolic excursion (MAPSE), and 

tricuspid annular plane systolic excursion 

(TAPSE) were recorded in IUGR fetuses 

5.14±0.38 and 6.68±0.52 compared to that 

detected in normal fetuses 6.1±0.6 and 

7.88±0.6 (P<0.001). 

     The LV-MPI and RV-MPI were 

calculated in all fetuses in the study 

population. The mean LV- MPI measured 

0.55±0.04 in IUGR fetuses vs. 0.45±0.02 

in normal fetuses (P<0.001), while the 

mean RV- MPI measured 0.56±0.04 in 

IUGR fetuses vs. 0.46±0.03 in normal 

fetuses (P<0.001) (Table 2). 

 

Table (2): Cardiovascular function assessed by ultrasound using 2-D and Doppler 

ultrasound modes 

Groups 

Parameters 

Patients group 

(N= 47) 

Control group 

(N= 50) 

P-

value 

IVCT(ms) 
Mean ± SD 37.53 ± 1.66 35.18±1.08 

<0.001 
Median (Range) 37(35–41) 35(33-38) 

IVST(cm) 
Mean ± SD 54.09 ± 4.05 44.38±1.87 

<0.001 
Median (Range) 55(45–60) 44(41-50) 

Left Ejection 

time (ms) 

Mean ± SD 156.36 ± 4.02 169.34 ± 3.49 
<0.001 

Median (Range) 155(148–166) 170(160–178) 

Right ET (ms) 
Mean ± SD 156 ± 3.79 168.94 ± 3.39 

<0.001 
Median (Range) 155(148–166) 169(160–175) 

Mitral E/A 

ratio 

Mean ± SD 0.74±0.05 0.72±0.05 
0.052 

Median (Range) 0.75(0.67-0.85) 0.7(0.67-0.8) 

Tricuspid E/A 

ratio 

Mean ± SD 0.77±0.06 0.73±0.05 
<0.001 

Median (Range) 0.77(0.67-0.85) 0.71(0.67-0.85) 

MAPSE (mm) 
Mean ± SD 5.14±0.38 6.1±0.6 

<0.001 
Median (Range) 5.2(4.6-5.8) 6.15(5.1-7.1) 

TAPSE (mm) 
Mean ± SD 6.68±0.52 7.88±0.6 

<0.001 
Median (Range) 6.8(5.8-7.4) 7.9(6.9-9) 
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Left MPI 
Mean ± SD 0.55±0.04 0.45±0.02 

<0.001 
Median (Range) 0.55(0.49–0.63) 0.45(0.42–0.51) 

Right MPI 
Mean ± SD 0.56±0.04 0.46±0.03 

<0.001 
Median (Range) 0.57(0.49-0.63) 0.46(0.42-0.52) 

 

     In the present study, there were 3 

intrauterine death, and 97 live births. All 

of intrauterine deaths were detected in 

IUGR cases; but without significant 

difference (P=0.242). In the present study, 

60.8 % of women delivered by cesarean 

section and 39.2% of women had vaginal 

delivery. Approximately, three-quarters of 

cases included in patients’ group (76.6%) 

and 46% of cases in control group gave 

birth by cesarean section. There was a 

statistically significant difference between 

two studied groups regarding mode of 

delivery (P=0.002). 

     Considering neonatal birth weight, it 

was detected that the neonatal birth weight 

of women who had IUGR fetuses was 

lower than that of control women 

[1877±206.01 vs. 2659±311.6; 

respectively]. There was statistically 

significant difference between two studied 

groups regarding neonatal birth weight 

(P<0.001). 

     Three newborns (6.4%) of women with 

IUGR had weight less than 1500 g and 

70.2% of them had neonatal birth weight 

ranged between 1500 and 2000 g, while 

only 23.4% had neonatal birth weight 

>2000 g. In control group, one (2%) baby 

had neonatal birth weight ranged from 

1500 to 2000 g and the other 49 had fetal 

birth weight more than 2000 g. 

     Considering neonatal birth weight, it 

was detected that the neonatal birth weight 

of women who had IUGR fetuses was 

lower than that of control women 

[1877±206.01 vs. 2659±311.6; 

respectively]. There was statistically 

significant difference between two studied 

groups regarding neonatal birth weight 

(P<0.001) (Table 3). 

 

Table (3): Comparison between both studied group according to incidence of 

intrauterine growth restriction (IUGR), mode of delivery and fetal birth 

weight 

Groups 

Parameters 

Patients group 

(N= 47) 

Control group 

(N= 50) 
P-value 

IUFD: 

No N (%) 47 (94%) 50 (100%) 
0.242 

Yes N (%) 3 (6%) 0 (0%) 

Mode of delivery: 

Vaginal delivery N (%) 11 (23.4%) 27 (54%) 
0.002 

Cesarean section (CS) N (%) 36 (76.6%) 23 (46%) 

Fetal birth weight (g) 
Range 

Mean ± SD 

1475–2475 

1877±206.01 

1750–3150 

2659±311.6 
<0.001 

 

    There was a statistically significant 

difference between the two studied groups 

in the number of neonates admitted to 

NICU and stayed there for more than 15 

days (P=0.001). There was no statistically 

significant different between numbers of 

babies with neonatal sepsis in both groups 

(P=0.485). The overall mortality was 

shown in ten IUGR babies (21.3%) and 

one baby in control group. Very low birth 

weight had been the cause of mortality for 

babies born to three women. In addition, 

neonatal sepsis had resulted into mortality 

for one baby. 
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     The current study displayed that, 

among 50 women in patients’ group, there 

were 28 women had 1 min APGAR score 

< 7 and 20 women had 5 min APGAR 

score <7 while in control group there were 

only 7 women had 1 min APGAR score < 

7 and 2 women had 5 min APGAR score 

<7. There were statistically significant 

differences between the two groups 

regarding number of cases that had 1 min 

APGAR score and 5 min APGAR score 

<7 (P=0.001 & P<0.001) (Table 4). 

 

Table (4): Frequencies of NICU, neonatal sepsis, neonatal death, 1 min APGAR 

score and 5 min APGAR score in both stdied groups 

Groups  

Parameters  

Patients group 

(N= 47) 

Control group 

(N= 50) 
P-value 

NICU: 

No N (%) 24 (51.1%) 42 (84%) 
0.001 

Yes N (%) 23 (48.9%) 8 (16%) 

Neonatal sepsis: 

No N (%) 46 (97.9%) 50 (100%) 
0.485 

Yes N (%) 1 (2.1%) 0 (0%) 

Neonatal death: 

No N (%) 37 (78.7%) 49 (98%) 
0.003 

Yes N (%) 10 (21.3%) 1 (2%) 

1 min APGAR score: 

No N (%) 19 (40.4%) 43 (86%) 
0.001 

Yes N (%) 28 (59.6%) 7 (14%) 

5 min APGAR score: 

No N (%) 27 (57.4%) 48 (96%) 
<0.001 

Yes N (%) 20 (42.6%) 2 (4%) 

 

DISCUSSION 

     Results of the current study revealed 

the cases and controls were matched by 

mean age, mean BMI, and parity. 

     Our results revealed that the majority 

of the participants in both studied groups 

(57%) were in 18-25 years age group 

followed by 26-30 years, whereas least 

number of participants were seen in the 

age group of more than 30 years. 

Moreover, the mean age of patients with 

IUGR fetuses was 24.61±3.14 years while 

the mean age of control subjects was 

26.06±4.2 years 

     Malik and Saxena (2012) and Ganju et 

al. (2019) also found that young mothers 

in the age group of 21-25 years, 

comprised the largest number of total, i.e. 

15% belonged to the age of over 30 years 

in the former study and that maximum 

number (42%) of subjects were in the 

range of 21–25 years reported by the latter 

one. This observation has led to believe 

that most of the high-risk mothers were in 

the active reproductive age group. 

     In agreement to our findings, 

Veerabathini et al. (2020) reported that 

the majority of the patients (58%) were in 

26-30 years age group with slight 

difference from ours. The average age of 

the patients was 28.16 years. Least 

number of patients were seen in the age 

group of more than 30 years. 

     In line to our findings also, Ernst et al. 

(2017) and Rotshenker-Olshinka et al. 

(2019) and El-Kady et al. (2020) found 
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non-significant difference between IUGR 

cases and controls regarding age, BMI, 

and parity. 

     In addition, the mean gestational age at 

the time of first scan was 32±2.15 weeks 

in patients with IUGR and 32.04±2.63 in 

control cases. None of the antenatal 

mothers was examined before 28 weeks of 

gestational age. 

     Regarding risk fators, the current study 

showed that there was a statistically 

significant increase in number of cases 

who had previous history of IUGR (52% 

vs 30%), pregnancy-induced hypertension 

(26% vs 0%), and those presented with 

anemia (44% vs 20%) in patients group 

compared to control group. However, no 

significant difference was detected 

between both studied groups regarding 

number of cases who had previous history 

of miscarriage. 

     Veerabathini et al. (2020) compared 

IUGR cases versus controls and declared 

that about 20% of cases had anemia 

complicating the pregnancy and 

hypertensive disorders were present in 

maximum of 50% of pregnancies 

complicated with IUGR. Similar findings 

were seen in Sharma et al. (2016) with 

50% cases having pre-eclampsia, 35% had 

anemia. 

     Among the maternal factors, 

hypertension is one of the main leading 

factors related with IUGR. Both chronic 

hypertension and preeclampsia are 

associated with low birth weight (Hung et 

al., 2018 and Turbeville & Sasser, 2020). 

     The current study showed that 

umbilical artery pulsatility index was 

significantly higher in IUGR fetuses 

compared to normal fetuses. However, 

both middle cerebral artery pulsatility 

index and Cerebro-placental ratio were 

significantly lower in IUGR fetuses 

compared to normal fetuses. 

     Sharma et al. (2019), in concordance 

to our reults reported that IUGR fetuses 

showed raised umbilical artery pulsatility 

index (UMPI), decreased middle cerebral 

artery pulsatility index (MCAPI), and 

mean cerebroplacental ratio (C/P) 

compared with control group. 

     Veerabathini et al. (2020) in line to our 

results reported that in umbilical artery, PI 

of IUGR fetuses were significantly higher 

han that of normal fetuses and middle 

cerebral artery, PI of IUGR fetuses was 

significantly lower than that of normal 

fetuses and Cerebro-placental ratio of 

IUGR fetuses was significantly lower than 

that of normal fetuses. 

     Added to that, results of the present 

work revealed that the mean of inter-

ventricular septal diameter (IVST) was 

significantly thicker in fetuses with IUGR 

compared to normal fetuses. In addition, 

the isovolumic relaxation time (IVRT) 

was significantly prolonged in fetuses 

with IUGR compared to normal fetuses. 

The ejection time (ET) reduced 

significantly in IUGR fetuses as compared 

to normal control fetuses. The diastolic 

function across the right and left side of 

the heart was performed by calculating the 

E/A ratio across the tricuspid and the 

mitral valve. The average mitral E/A ratio 

and tricuspid E/A ratio were significantly 

higher in IUGR fetuses as compared to 

normal control fetuses. Also, lower mitral 

annular plane systolic excursion 

(MAPSE), and tricuspid annular plane 

systolic excursion (TAPSE) were recorded 

in IUGR fetuses compared to that detected 
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in normal fetuses. The mean LV- MPI 

measured 0.55±0.04 in IUGR fetuses vs. 

0.45±0.02 in normal fetuses, while the 

mean RV- MPI measured 0.56±0.04 in 

IUGR fetuses vs. 0.46±0.03 in normal 

fetuses. 

     Sharma et al. (2019), in agreement to 

our results, reported that the mean 

myocardial performance index was 

0.62±0.02 in IUGR group, while in 

control group, it was 0.45±0.01 and that 

was statistically significant. The IVRT 

and IVCT were longer and ejection time 

was shorter in IUGR fetuses compared 

with control group respectively.  

     Youssef et al. (2020) declared that 

cases complicated by PE and/or FGR 

showed signs of fetal cardiac remodeling 

in the form of larger, hypertrophic, and 

more globular hearts as well as cardiac 

dysfunction manifested by increased 

myocardial performance index. They 

found that ost cardiac parameters 

remained significantly different in 

complicated pregnancies even after 

statistical adjustment for potential 

confounders such as chronic hypertension, 

pregestational diabetes, assisted 

reproductive technologies, and smoking.  

     In our study, IUGR fetuses showed 

signs of both systolic and diastolic 

dysfunctions and prolonged isovolumic 

times. Similar results were obtained by 

Levine et al. (2015) who studied 

myocardial performance index in 50 FGR 

fetuses and 50 appropriate for gestational 

age (AGA) fetuses. MPI in FGR fetuses 

was higher as compared to control group. 

Woods et al. (2018) found in their study 

for gestational age fetuses matched for 

gestational age that myocardial 

performance index was higher in IUGR 

fetuses as compared to the AGA fetuses. 

They suggested that this was due to 

systolic and diastolic dysfunctions of fetal 

heart in IUGR fetuses. Our results were 

also comparable to the study done by 

Singh et al. (2013) who studied cardiac 

function in intrauterine growth-restricted 

fetuses. They observed that myocardial 

performance index in IUGR fetuses was 

higher as compared to AGA fetuses (0.64 

vs. 0.45). Peter et al. (2015) studied 

reported that the mean MPI in IUGR 

fetuses was 0.58 ± 0.093 and that of AGA 

fetuses was 0.45 ± 0.070. Beyer et al. 

(2019) also found that the FGR group 

showed a significantly increased MPI in 

comparison to the control group. 

     Fouzas et al. (2014) also reported that 

the IUGR neonates presented distinct 

changes in cardiac morphology as 

reflected by the relative IVS hypertrophy 

and LV dilatation. Similar 

echocardiographic findings have 

previously been reported in neonates and 

children exposed to IUGR (Crispi et al., 

2012), whereas chronic intrauterine 

substrate deprivation has been associated 

with alterations in cardiac geometry in 

human fetuses and animal models 

(Akazawa et al., 2016). 

     However, contradictory to our resuts, 

observations from author who studied 

adults who were born with IUGR (22–25 

years old) did not confirm this theory 

(Bjarnegård et al., 2013). These 

differences may have been due to the 

degree of restriction abnormalities, which 

was different in the various groups 

studied. 

     The large multicenter prospective 

study in fetuses with IUGR have found 

only a modest increase in the left mod-
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MPI and that was not of clinical utility in 

comparison to the assessment of umbilical 

artery and ductus venous [DV] Doppler 

(Unterscheider et al., 2013). 

     Other authors have found no 

significant difference between the left 

MPI measurements of normal‐growth 

fetuses, when compared to those fetuses 

with IUGR. There were no significant 

difference between‐groups [cases and 

controls] in the left MPI. This result 

contradicts to the current study. The 

difference may come from the fact that 

most study population are less than 34 

weeks at time of enrollment, which 

denotes an early onset IUGR which is the 

most severe form, and also all populations 

in the current work have an abnormal UA 

Doppler and/or evidence of brain sparing. 

In other words, we have included only 

fetus with evidence of pathological 

probability and the abnormal perinatal 

outcomes (Öcal et al., 2019). 

     Furthermore, in the present study, the 

mean gestational age at delivery was 

significantly lower in patients with IUGR 

than that detected in controls an 

approximately three-quarters of cases 

included in patients’ group (76.6%) and 

46% of cases in control group gave birth 

by cesarean section. 

     This finding was comparable to the 

statistically significant relation noted by 

Singh et al. (2013) with 61.5% cesarean 

deliveries in their study. Ganju et al. 

(2019) noted that 59% cesarean deliveries 

and 41% vaginal deliveries among IUGR 

fetuses with abnormal Doppler indices.  

     One reason for increased cesarean 

delivery rates in the IUGR group would 

be the fetus’ inability to tolerate labor. 

Another might be obstetricians’ anxiety 

about IUGR fetal status, leading to a 

greater tendency to perform a caesarean 

delivery (Wilk et al., 2019). Perhaps a 

combination of these factors, as well as 

others like increasing CS rate worldwide 

and nationwide, could explain our 

findings. 

     In addition, regarding outcomes in our 

study, the present study indicated that 

74% of newborns diagnosed with IUGR 

had birth weight below the fifth 

percentile, and 26% of them had birth 

weight ranged between 5th -10th 

percentile for gestational age and sex at 

the time of birth, In the present study, 

there were 3 IUFD cases detected in 

IUGR cases. Considering neonatal birth 

weight, the mean birth weight of women 

who had IUGR fetuses was significantly 

lower than that of control women. There 

was also significant increase in numer of 

neonates admittd to NICU more than 15 

days in IUGR group. Neonatal sepsis has 

been detected in only one IUGR baby 

(2.1%) and the overall mortality was 

shown in ten IUGR babies (21.3%) and 

one baby in control group. Very low birth 

weight had been the cause of mortality for 

babies born to three women. In addition, 

neonatal sepsis had resulted into mortality 

for one baby. There were statistically 

significant differences between the two 

groups regarding number of cases that 

have 1 min APGAR score and 5 min 

APGAR score <7 as higher number of 

cases were in the IUGR group. 

     In the study by Mallikarjunappa et al. 

(2013), cases of PIH with IUGR had an 

average birth weight of 1708 g. which 

correlates with this study. Nimmagadda et 

al. (2017) in line to or results reported that 

in control group 90% cases had BW> 2.5 
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kg and the mean birth weight is 2749 gm 

while the mean birth weight is 1806 gm 

and 96% shows birth weight < 2500 gm.  

     Niewiadomska-Jarosik et al. (2017) in 

their analysis of the medical records 

confirmed statistically significant 

differences in birth weight, while they 

reported no significant difference for 

gestational age between the groups. 

     A very nearly similar mean birth 

weight was declared by Muhammad et al. 

(2010). 

     In addition, it was reported that 

perinatal morbidity and mortality are 

inversely proportional to percentile of 

birth weight, with progressive increase in 

these rates when the fetal weight drops 

below the tenth percentile towards the 

first, and more dramatically below the 

fifth percentile. The worst outcomes are 

observed in severe IUGR cases, with 

extreme prematurity and very low weight, 

who present important deterioration in 

umbilical flow (Nardozza et al., 2017). 

     Seal et al. (2019) reported that elective 

cesarean section rate was found to be 52% 

and a further 16% emergency caesarean 

section were done in IUGR group, in 

comparison to control group had only 

12% cesarean section. They also found 

that the obstetrical outcome in the present 

series was 8% perinatal mortality in IUGR 

group and no catastrophy in the control 

group. In 16% of fetal growth retarded 

cases babies had birth weight of more than 

2.5 Kgs and further 68% babies were 

between 2-2.5 Kgs weight. 

CONCLUSION 

     Cardiac function impaired in IUGR 

etuses, Thus, fetal Echo may be a useful 

tool in the assessment of fetus with IUGR 

beside to Doppler. These data supported 

prenatal cardiovascular remodeling as a 

mechanistic pathway of increased risk 

later in life in cases of IUGR. Fetal life 

seemed to constitute a unique window of 

opportunity for the early diagnosis and 

prevention of cardiovascular disease. 

Thus, assessing fetal cardiac remodeling 

might be useful to monitor the fetus but 

also to identify those cases with increased 

risk of cardiovascular disease later in life. 

REFERENCES 

1. Akazawa Y, Hachiya A, Yamazaki S, 

Kawasaki Y, Nakamura C, Takeuchi Y, 

Kusakari M, Miyosawa Y, Kamiya M, 

Motoki N and Koike K. (2016): 

Cardiovascular Remodeling and Dysfunction 

Across a Range of Growth Restriction 

Severity in Small for Gestational Age Infants–

Implications for Fetal Programming–. 

Circulation Journal, 80(10):2212-2220. 

2. Basu B, Shetty R and Gupta K. (2017): 

Assessment of fetal cardiac function by 

myocardial tissue doppler in fetal growth 

restriction. International Journal of 

Reproduction, Contraception, Obstetrics and 

Gynecology, 6(3):1046-1051. 

3. Bayoumy S, Habib M and Abdelmageed R. 

(2020): Impact of maternal diabetes and 

obesity on fetal cardiac functions. The 

Egyptian Heart Journal, 72(1):1-7. 

4. Beyer J, Schneider U and Schleussner E. 

(2019): EP09. 04: Cardiac dysfunction in fetal 

growth restriction measured by means of 

myocardial performance index. Ultrasound in 

Obstetrics & Gynecology, 54:286-287. 

5. Bhide A, Acharya G and Bilardo CM. 

(2016): ISUOG practice guidelines: use of 

Doppler ultrasonography in obstetrics. 

Ultrasound in Obstetrics & Gynecology, 

41:233–239. 

6. Bjarnegård N, Morsing E, Cinthio M, 

Länne T and Brodszki J. (2013): 

Cardiovascular function in adulthood 

following intrauterine growth restriction with 



 

 

 ASSESSMENT OF CARDIAC FUNCTION IN FETUSES WITH… 
629 

abnormal fetal blood flow. Ultrasound in 

Obstetrics & Gynecology, 41(2):177-184. 

7. Crispi F, Figueras F, Cruz-Lemini M, 

Bartrons J, Bijnens B and Gratacos E. 

(2012): Cardiovascular programming in 

children born small for gestational age and 

relationship with prenatal signs of severity. 

American Journal of Obstetrics and 

Gynecology, 207:121–130. 

8. Crispi F, Valenzuela‐Alcaraz B, 

Cruz‐Lemini M and Gratacós E. (2013): 

Ultrasound assessment of fetal cardiac 

function. Australasian Journal of Ultrasound 

in Medicine, 16(4):158-167. 

9. Cruz‐Martinez R, Figueras F, Jaramillo JJ, 

Meler E, Mendez A, Hernandez‐Andrade E 

and Gratacos E. (2011): Learning curve for 

Doppler measurement of fetal modified 

myocardial performance index. Ultrasound in 

Obstetrics & Gynecology, 37(2):158-162. 

10. Dai Y, Zhao D, Chen CK and Yap CH. 

(2021): Echocardiographic assessment of fetal 

cardiac function in the uterine artery ligation 

rat model of IUGR. Pediatric Research, 21:1-

8. 

11. El-Kady MA, Hamdy E and Eltaieb EM. 

(2020): Role of cerebro-placental ratio in 

prediction of perinatal outcome in high-risk 

pregnancies with intrauterine growth 

restriction. Evidence Based Women's Health 

Journal, 10(2):162-169. 

12. Ernst SA, Brand T, Reeske A, Spallek J, 

Petersen K and Zeeb H. (2017): Care-related 

and maternal risk factors associated with the 

antenatal nondetection of intrauterine growth 

restriction: a case-control study from Bremen, 

Germany. BioMed Research International, 

17:174-182. 

13. Fouzas S, Karatza AA, Davlouros PA, 

Chrysis D, Alexopoulos D, Mantagos S and 

Dimitriou G. (2014): Neonatal cardiac 

dysfunction in intrauterine growth restriction. 

Pediatric Research. 75(5):651-657. 

14. Ganju S, Dhiman B and Sood N. (2019): 

Correlation of abnormal umbilical artery 

Doppler Indices and mode of delivery in 

intrauterine growth restriction. Tropical 

Journal of Obstetrics and Gynaecology, 

36(3):403-407. 

15. Hung TH, Hsieh TT and Chen SF. (2018): 

Risk of abnormal fetal growth in women with 

early- and late-onset preeclampsia. Pregnancy 

Hypertension, 12: 201–206.  

16. Levine TA, Grunau RE, McAuliffe FM, 

Pinnamaneni R, Foran A and Alderdice 

FA. (2015): Early childhood 

neurodevelopment after intrauterine growth 

restriction: a systematic review. Pediatrics, 

135(1):126-141. 

17. Malik R and Saxena A. (2012): Role of 

Colour Doppler indices in the diagnosis of 

intrauterine growth retardation in high-risk 

pregnancies. The Journal of Obstetrics and 

Gynecology of India, 63:37-44 

18. Mallikarjunappa B, Harish H, Ashish SR 

and Pukale RS. (2013): Doppler changes in 

pre-eclampsia. Journal of International 

Medical Sciences Academy, 26(4):215-216. 

19. Muhammad T, Khattak AA, Khan MA, 

Khan A and Khan MA. (2010): Maternal 

factors associated with intrauterine growth 

restriction. Journal of Ayub Medical College 

Abbottabad, 22(4):64-69. 

20. Nardozza LM, Caetano AC, Zamarian AC, 

Mazzola JB, Silva CP, Marçal VM, Lobo 

TF, Peixoto AB and Júnior EA. (2017): 

Fetal growth restriction: current knowledge. 

Archives of Gynecology and Obstetrics, 

295(5):1061-1077. 

21. Niewiadomska-Jarosik K, Zamojska J, 

Zamecznik A, Stańczyk J, Wosiak A and 

Jarosik P. (2017): Myocardial dysfunction in 

children with intrauterine growth restriction: 

an echocardiographic study. Cardiovascular 

Journal of Africa, 28(1):36-39. 

22. Nimmagadda H, Kapoor P and Ladwal 

MR. (2017): Evaluation of the Diagnostic 

Criteria of Ultrasonographic Parameters In 

The Prediction of Intrauterine Growth 

Restriction. World Journal of Research and 

Review, 5(3):262756. 

23. Öcal DF, Yakut K, Öztürk FH, Öztürk M, 

Oğuz Y, Altınboğa O and Çelen Ş. (2019): 

Utility of the modified myocardial 

performance index in growth-restricted 



 

 

MAHMOUD M. KHAIRALLAH et al., 
630 

fetuses. Echocardiography, 36 (10): 1895-

1900. 

24. Palalioglu RM, Erbiyik HI, Kaya B, Kiyak 

H and Gedikbasi A. (2021): Investigation of 

fetal cardiac function using tissue doppler 

imaging in fetuses compromised by growth 

restriction. Ginekologia Polska, 92(3):195-

204.  

25. Patey O, Carvalho JS and Thilaganathan 

B. (2019): Perinatal changes in cardiac 

geometry and function in growth‐restricted 

fetuses at term. Ultrasound in Obstetrics & 

Gynecology, 53(5):655-662.  

26. Peter JR, Ho JJ, Valliapan J and 

Sivasangari S. (2015): Symphysial fundal 

height (SFH) measurement in pregnancy for 

detecting abnormal fetal growth. Cochrane 

Database of Systematic Reviews, 9:1-20. 

27. Rotshenker-Olshinka K, Michaeli J, 

Srebnik N, Terlezky S, Schreiber L, 

Farkash R and Granovsky SG.: Recurrent 

intrauterine growth restriction: characteristic 

placental histopathological features and 

association with prenatal vascular Doppler. 

Archives of Gynecology and Obstetrics, 

300(6):1583-1589. 

28. Seal A, Dasgupta S, Sengupta M, 

Agarwalla R, Dasgupta A and Dastider R. 

(2019): Intrauterine growth restriction: 

Biochemical, histopathological and 

ultrasonographic evaluation. JMSCR, 7(06): 

237-247. 

29. Sehgal A, Skilton MR and Crispi F. (2016): 

Human fetal growth restriction: a 

cardiovascular journey through to 

adolescence. Journal of Developmental 

Origins of Health and Disease, 7(6):626-635. 

30. Sharma B, Verma A, Meena C, Gurjar A, 

Chakraborty A and Srivastav A. (2019): 

Assessment of the Cardiac Function in 

Intrauterine Growth-Restricted Fetuses and 

Appropriate for Gestational Age Fetuses. The 

Journal of Obstetrics and Gynecology of 

India, 69(4):313-316. 

31. Sharma D, Shastri S and Sharma P. (2016): 

Intrauterine growth restriction: antenatal and 

postnatal aspects. Clinical Medicine Insights: 

Pediatrics, 10:67-83.  

32. Singh S, Verma U, Shrivastava K, 

Khanduri S, Goel N and Zahra F. (2013): 

Role of Color Doppler in the diagnosis ofintra 

uterine growth restriction (IUGR). 

Nternational Journal of Reproduction, 

Contraception, Obstetrics and Gynecology, 

2:566-572. 

33. Turbeville HR and Sasser JM. (2020): 

Preeclampsia beyond pregnancy: Long-term 

consequences for mother and child. American 

Journal of Physiology-Renal Physiology, 

318(6): 1315-1326. 

34. Unterscheider J, Daly S, Geary MP, 

Kennelly MM, McAuliffe FM and 

O'Donoghue K. (2013): Optimizing the 

definition of intrauterine growth restriction: 

the multicenter prospective PORTO Study. 

The American Journal of Obstetrics and 

Gynecology, 208(4):290 -296.  

35. Veerabathini MK, Mohanthy SS, 

Mukherjee N, Adarsh A, Arun B and 

Kumar GS. (2020): Role of Colour Doppler 

in Evaluation of Intrauterine Growth 

Retardation. International Journal of 

Contemporary Medicine Surgery and 

Radiology, 5(1): 148-152. 

36. Wilk C, Arab S, Czuzoj‐Shulman N and 

Abenhaim HA. (2019): Influence of 

intrauterine growth restriction on caesarean 

delivery risk among preterm pregnancies 

undergoing induction of labor for hypertensive 

disease. Journal of Obstetrics and 

Gynaecology Research, 45(9):1860-1865. 

37. Woods L, Perez-Garcia V and Hemberger 

M. (2018): Regulation of placental 

development and its impact on fetal growth–

new insights from mouse models. Frontiers in 

Endocrinology, 9:570-587. 

38. Youssef L, Miranda J, Paules C, Garcia-

Otero L, Vellvé K, Kalapotharakos G, 

Sepulveda-Martinez A, Crovetto F, Gomez 

O, Gratacós E and Crispi F. (2020): Fetal 

cardiac remodeling and dysfunction is 

associated with both preeclampsia and fetal 

growth restriction. American Journal of 

Obstetrics and Gynecology, 222(1):79-85. 

39. Zohav E, Zohav E, Rabinovich M, Alasbah 

A, Shenhav S, Sofer H, Ovadia YS, Anteby 

EY and Grin L. (2019): Third-trimester 



 

 

 ASSESSMENT OF CARDIAC FUNCTION IN FETUSES WITH… 
631 

Reference Ranges for Cerebroplacental Ratio 

and Pulsatility Index for Middle Cerebral 

Artery and Umbilical Artery in Normal-

growth Singleton Fetuses in the Israeli 

Population. Rambam Maimonides Medical 

Journal, 10(4): 25-30. 



 

 

MAHMOUD M. KHAIRALLAH et al., 
632 

 تقييم وظيفة القلب في الأجنة مقيدى النمو داخل الرحم 
 أحمد على فهيم عبده ، عوض محمود ،هانى ماجد عبد العال  ،محمود محمد حمزة خيرالله

 كلية الطب، جامعة الأزهر  ،و أمراض القلب والأوعية الدموية ،سمي التوليد وأمراض النساءق

E-mail: dr-mahmoudkhairallah@gmail.com  

يتضممممقي د ننممممج يقممممم روف ممممنيب روقتمممم ال ميضمممم      مممم  د ننممممج رو قممممم  ر مممم   خلفيةةةة البحةةةة  

روممم   ب ف ا ممم    يتشلمممه يللممم   ن ممم  روف مممني  مممن روماممممة  وممم      يممم   يقمممم  روي امممه  

 ئف رو شمممد ومممج  فممم مممن رواممم مر  ر  نممم ءب دممم   يمممهت روقليمممج  مممي ر  تقممم   وشت نممم ر   مممن ا

ر طلمممم ة روممممويي يتمممم يمن  ممممي دمممم.   رو قممممم  ر مممم  رومممم     د ممممف روتجيممممج  ممممي روق مممم    

ر ضمممب ر    روتممممن دو مممم   ممممن اامممي    مممم  نقمممم   ممممن روف مممنيب اد لممممف  ممممي روت نمممم ر  

 .دحي رلإنشن ن نه  ن  ضشه رو شد روتن د  رنتل      ن  حص ديبنط اج  رو شد 

ن ر ج ممممه روق نممممجء رو قممممم  ر مممم  رومممم     ممممد نممممن  افمممم ئف رو شممممد  الهةةةةد  مةةةة  البحةةةة  

 .   تيجر  ديبنط اج  رو شد روف ن ن

 ممممي رواممممنجر   روحمر مممم   100مج يممممي  ممممو  روج ر ممممه  شمممم   المريضةةةةار واةةةةر  البحةةةة  

 قمممي  ضممم ن رومممن ااممم  روتمونمممج ام ممم رب رو اممم ت   شنمممه روبمممد ج  تمممه ر   ممم   مممهة 

   فقمممممم تني وممممم  اامممممج دممممم  د امممممنق ي  2021 وممممم   ممممم يم  2020رولتممممم ء  مممممي يمينمممممم 

 تاممممم ايتنيج روقفقم مممممه ر اوممممم    فقم مممممه روق ضممممم   ضمممممقي رو اممممم ت  ار  مج مممممه 

 تممممم.  ء رو قمممممم  ر ممممم  روممممم   ) اروقفقم مممممه روت ينمممممه  روقفقم مممممه روضممممم  به  دضمممممق ي 

رو امممم ت ر اممممح ت اروهئممممن نممممي يحقشممممي  ممممن م  مممم   ي مج ممممه  مممم.ا رن      مممم ه وتقمممم  

 .روحق 

رو بن ممممني م شمممم   لمممم    شحمممممف  ممممن  نمممم ن  تم ممممط ابمممم  روحمممم جل  ممممني نتةةةةالب البحةةةة  

 05 4±  09 54ر ج ممممه  مممما د ننممممج رو قممممم  ر مممم  رومممم        يممممه    ج ممممه روب نتنممممه  روممممو  

 ممم   مممن  87 1±  38 44 ممم   مممن  فقم مممه   ضممم  د ننمممج رو قمممم  ر ممم  روممم        يمممه  مممم 

روقفقم ممممه روضمممم  به    لإضمممم  ه  ومممم   وممممتب ادمممم   ط وممممه ااممممي ر  ممممت   ت ر يل اممممن 

ر ج مممه  ممما د ننمممج رو قمممم  ر ممم  روممم        يمممه    ج مممه روب نتنمممه  روتمممن  ن لممم   ن نممم   ممم

 ششممممن ة ينممممه  ممممن  فقم مممم     ضمممم  د ننممممج رو قممممم  ر مممم  رومممم     66 1±  53 37ن يممممي 

 ششممممن ة ينممممه  ممممن  فقم ممممه روممممتح    ااممممج  ييلمممم  ااممممي  08 1±  18 35    يممممه  ممممم 
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 ج مممه روت  يمممه   رلإ ممم رش  لممم    شحممممف  مممن مج مممه دممم.   رو قمممم  ر ممم  روممم        يمممه  

ادممم    ت ممم   رومفنلمممه ر ي اممم طنه   ممم  روف يمممد ر يقمممي ار ياممم   مممي رو شمممد  مممي ط يممم  

  ممم  رو مممق   ةهةمممن رولممم ل ارو مممق   روتممم جن  نممم ن  تم مممط  E / A  اممم س ياممم ه

ةهةنممه رولمم ل م شمم   لمم    شحمممف  ممن ر ج ممه  E / A ايامم ه Mitral E / A يامم ه

±  74 0  يمممه    ج مممه روضممم  به روت  يمممه  ن يمممي  روتمممن د نمممج يقمممم روف مممني  ر ممم  روممم     

±  73 0ا  05 0±  72 0 مممممممممن  فقم مممممممممه روق ضممممممممم      ممممممممم   06 0±  77 0ا  05 0

 ممممن روقفقم ممممه روضمممم  به  ادمممم  داممممفن  رو مممملاي ر ي   ضممممن روقاممممتم  روحش ممممن  05 0

روتمممم جن روامممملشن ب ار يحمممم رل ر ي   ضممممن وشبمممم ئ ء روحش ممممن ةهةممممن رولمممم ل  ممممن مج ممممه 

    يممممه  تشممممت روق تلممممله  ممممن  52 0±  68 6ا  38 0±  14 5 ر مممم  رومممم     د ننممممج رو قممممم

-RV ا LV-MPI ) ادممممم   اممممم س 6 0±  88 7ا  6 0±  1 6ر ج مممممه روب نتنمممممه 

MPI  مممن جقنممما ر ج مممه  مممن  فتقممما روج ر مممه  ي مممن   تم مممط  LV-MPI 0.55 ± 

  يمممه ت مممن ر ج مممه رو 02 0±  45 0 مممن ر ج مممه روق نمممجء وش قمممم  ر ممم  روممم        ممم   0.04

 مممن ر ج مممه روتمممن د نمممج رو قمممم  ر ممم   RV-MPI 0.56 ± 0.04 ب  ن قممم  ي مممن   تم مممط

 . ن ر ج ه روب نتنه 03 0±  46 0رو          

افنلممممه رو شممممد ن يممممي ضممممتنله  ممممن  فقم ممممه دمممم.   رو قممممم  ر مممم  رومممم   ب  الاسةةةةتنتا  

 ممم  را  وتممم ون امممج ي ممممن امممج  روف مممني م رء  لنمممجء  مممن د نمممن  روف مممني  ممما دممم.   رو قمممم   

روممم     ف يمممد  ا شممم   ادمممج    مممو  رو ن يممم   د نمممن  رو شمممد ار ا نمممه روج ميمممه ا ممم  رومممم  ء 

  وتحجيج  ي  ء روقي ط         ن روحن ء  ن      د.   رو قم  ر   رو   

ديبممممنط اممممج   بافنلممممه رو شممممدب ر ج ممممهب د ننممممج رو قممممم  ر مممم  رومممم    الكلمةةةةار الدالةةةةة 

 رو شد 


