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Abstract 
Background: Intra-uterine growth restriction (IUGR) and Pregnancy-induced hypertension (PIH) are major 
complications impacting maternal and fetal health. PIH, including preeclampsia and gestational hypertension, and 
IUGR, often due to placental insufficiency, increase perinatal mortality and morbidity. Doppler ultra-sound is a 
non-invasive technique that offers valuable insights into fetal and placental blood flow, aiding early diagnosis and 
management. 
Aim: The aim of this research is to compare Doppler flow patterns between normal pregnancies and those 
complicated by IUGR in primigravida women, measuring changes in blood flow that might suggest fetal 
impairment. 
Methodology: An observational study was conducted over 12 months with 77 primigravida women aged 18 to 
35 years. Initial Doppler assessments were performed between 18 and 22 weeks of gestation, with follow-up 
studies after 30 weeks. Doppler indices including pulsatility index (PI), systolic/diastolic ratio, and resistance 
index were analyzed in the uterine, umbilical, and middle cerebral arteries.  
Results: The wide range of participants were aged 19-24 years. Doppler scans were most frequent around 20 
weeks and late in pregnancy. Emergency lower segment cesarean sections (LSCS) were most common in cases 
with both PIH and IUGR. The uterine artery PI showed the highest sensitivity for detecting both conditions at 18-
22 weeks, while the uterine artery S/D ratio and umbilical artery PI were most accurate after 30 weeks. 
Conclusion: Doppler velocimetry is crucial for managing high-risk pregnancies with PIH and IUGR. Early 
detection using Doppler indices allows for timely intervention, improving outcomes.  
Keywords: Doppler Ultrasound, Fetal Monitoring, IUGR, PIH, Primigravida,  
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Introduction 

Intrauterine growth restriction (IUGR) and 
Pregnancy-induced hypertension (PIH) are two 
critical problems that may negatively impact the 
health of both maternal and fetal outcomes. 
Preeclampsia and gestational hypertension, 
classified under PIH, are defined by the emergence 
of hypertension after 20 weeks of gestation [1,2]. 
The mother and the unborn child are both put at 
danger resulting in possible problems such as 
eclampsia, placental abruption, and premature 
delivery. IUGR is a condition in which the fetus fails 
to develop at the anticipated pace during gestation, 
often attributable to placental insufficiency. Both 
disorders significantly contribute to prenatal 
morbidity and death, highlighting the need for 

appropriate diagnostic methods to manage and 
prevent risks.  

Doppler ultrasonography has become an essential 
non-invasive method for assessing these disorders, 
providing critical information about placental and 
fetal circulation health [4]. The pathogenesis of PIH 
and IUGR is intricately associated with abnormal 
placentation and impaired uteroplacental blood 
flow. In PIH, inadequate trophoblastic invasion of 
the spiral-arteries causes elevated resistance in blood 
flow, leading to inadequate placental perfusion and 
ischemia [5]. IUGR often arises from placental 
insufficiency, whereby the placenta inadequately 
delivers sufficient oxygen and nutrients to the fetus. 
Doppler ultrasonography, by evaluating blood flow 
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in diverse fetal and placental arteries, facilitates the 
early detection of these irregularities in the disease's 
progression. [6, 7] The uterine artery is one of the 
principal arteries assessed in Doppler examinations.  

Abnormal uterine artery Doppler waveforms, 
distinguished by elevated resistance and the 
occurrence of diastolic notches, serve as early 
indications of compromised placental perfusion and 
are linked to the onset of PIH and IUGR. Timely 
identification enables vigilant observation and 
prompt care, hence enhancing maternal and fetal 
outcomes considerably.[8] The umbilical artery 
Doppler examination is an essential element in 
assessing fetal well-being in instances of suspected 
intrauterine growth restriction (IUGR). Elevated 
resistance or the absence/reversal of end-diastolic 
flow in the umbilical artery signifies significant 
placental insufficiency and correlates with worse 
neonatal outcomes. Alongside the uterine and 
umbilical arteries, Doppler assessment of the middle 
cerebral artery (MCA) offers information about fetal 
adaptation responses to hypoxia.  

In cases of placental insufficiency, the fetus redirects 
blood-flow to essential organs such as the brain, a 
process known as the "brain-sparing effect." 
Furthermore, the cerebro-placental ratio (CPR), 
which is the ratio of MCA to umbilical artery 
Doppler indices, has emerged as a useful indicator 
for measuring fetal well-being. A poor CPR rate 
implies fetal deterioration and is connected with 
negative consequences. Doppler investigations are 
also useful for guiding clinical care choices. For 
example, the timing of delivery in pregnancies 
affected by IUGR and PIH is critical in balancing the 
hazards of preterm with the dangers of continuous 
intrauterine exposure to a degraded environment. 
[10]  

Physiological changes during gestation result in the 
transformation of arteries from small muscular 
vessels to enlarged, convoluted, and utero-placental 
arteries as funnel-shaped, facilitating their capacity 
to accommodate the hemodynamic requirements of 
pregnancy [11,12]. Direct measuring of tropho-
blastic invasion during gestation is impractical; 
however, the advent of Doppler ultrasonography 
enables the assessment of uteroplacental and 
fetoplacental blood flow, in addition to fetal blood 
circulation. The uteroplacental and fetoplacental 
circulations provide insights into placental 
resistance, while the evaluation of fetal circulation 
allows a non-invasive assessment of the fetal 
response to hypoxia.[13] The aim of this study is to 
compare Doppler flow patterns between normal 
pregnancies and those complicated by intrauterine 
growth restriction (IUGR) in primigravida women, 
assessing differences in blood flow that may indicate 
fetal compromise. This investigation seeks to 
identify predictive Doppler markers for IUGR in the 

early detection and management of high-risk 
pregnancies. 

Material and Methods 

Study Design 

This observational study was conducted over a 
period of 12 months to assess the role of Doppler 
ultrasound in the assessment of PIH and IUGR in 
primigravida patients. 

Study Location 

This study was conducted at the Department of 
Obstetrics & Gynaecology ,Netaji Subhas medical 
College and Hospital, Bihta, Patna, Bihar, India  

Sample size and Data Collection 

A total of 77 primigravida individuals aged 18 to 35 
years, examining the prenatal outpatient department, 
were assessed by ultrasonography (USG) and 
Doppler examinations between 18 to 22 weeks of 
gestation. Subsequent Doppler assessments were 
performed after 30 weeks of gestation in the third 
trimester to evaluate any positive or negative trends 
in Doppler indices. 

Inclusion and Exclusion Criteria 

The study included all primigravida patients with 
singleton pregnancies who attended the antenatal 
outpatient department (OPD). However, patients 
were excluded if they had multiple gestations, a 
history of disorders such as hypertension, diabetes, 
or cardiac disease. Additionally, un-registered 
primigravida patients at term gestation, those with 
preterm labor or premature rupture of membranes 
(PROM), congenital anomalies in the uterus or fetus, 
or those aged below 18 or above 35 years were not 
included. Other exclusion factors were an unknown 
last menstrual-period, intra-uterine death at the time 
of the initial Doppler investigation, and the presence 
of trophoblastic disease. 

Procedure 

Eligible primigravida patients were first screened 
between 18 and 22 weeks of gestation using 
ultrasound and Doppler studies to establish baseline 
fetal and placental vascular parameters. Follow-up 
Doppler assessments were conducted after 30 weeks 
of gestation during the third trimester, with 
additional evaluations performed as clinically 
indicated. These assessments tracked changes in key 
Doppler indices, including the pulsatility index (PI), 
systolic and diastolic ratio, and resistive index (RI), 
to monitor the progression of PIH and IUGR. The 
information gathered was instrumental in assessing 
disease progression and guiding appropriate clinical 
interventions for optimal maternal and fetal 
outcomes. 

Statistical Analysis 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

Nivedita et al.                                International Journal of Current Pharmaceutical Review and Research  

916   

Data were coded into Microsoft Excel, and analysis 
was performed using SPSS version 27. Either the 
Chi-square test was conducted to analyze categorical 
data. P-value below 0.05 were indicated the 
statistical significance of result. 

Results 

The demographic profile of the patients in the study 
comparing Doppler flow patterns in normal versus 
IUGR-complicated pregnancies among 
primigravida women reveals a diverse age 

distribution. The majority of patients fall within the 
19–24-year age group, comprising 57.14% of the 
sample. The next largest group is women aged 25-
29 years, making up 23.38% of the cohort. Younger 
women aged 18 and below constitute 11.69%, while 
those aged 30-36 years represent the smallest 
proportion at 7.79%. This distribution highlights a 
predominance of younger primigravida women in 
the study, which may impact the generalizability of 
findings across different age ranges. 

 
Table.1 Demographic profile of patient’s age 

Age (in years ) Number of patients Percentage (%) 
≤18 9 11.69% 
19-24 44 57.14% 
25-29 18 23.38% 
30-36 6 7.79% 

 
Table 2 shows the distribution of patients based on 
their gestational age at the first scanning, which was 
conducted between 18 and 22 weeks of gestation. 
The majority of patients underwent their first scan at 
20 weeks, accounting for 27.27% of the total, 

followed by those scanned at 22 weeks, representing 
22.08%. Scans at 21 weeks were performed for 
20.78% of patients, while those at 19 weeks made 
up 18.18%, and the fewest scans were done at 18 
weeks, comprising 11.69% of the patients. 

 
Table 2 Patient distribution based on gestational age at the first scan (18-22 weeks) 

Gestational age at first ultrasound N  % 
18 9 11.69% 
19 14 18.18% 
20 21 27.27% 
21 16 20.78% 
22 17 22.08% 

 

 
Figure 1. 1st scan of Gestational age 

 
Table 3 shows the distribution of patients based on 
their gestational age at the second scan, which 
occurred after 30 weeks. The majority of patients 
were scanned between 34 and 36 weeks, with 
20.78% at 35 weeks and 16.88% at 36 weeks. The 
least represented gestational ages were 38 weeks 

(3.90%) and 30 weeks (6.49%). Other common 
gestational ages included 31 weeks (11.69%), 32 
weeks (12.99%), and 33 weeks (9.09%). The 
percentages reflect a higher concentration of scans 
closer to the 35–36-week mark, indicating a trend 
towards later gestational ages for the second scan.
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Table 3 Patient distribution based on gestational age at the second scan (after 30 weeks) 

Gestational age at second ultrasound N  % 
30 5 6.49% 
31 9 11.69% 
32 10 12.99% 
33 7 9.09% 
34 9 11.69% 
35 16 20.78% 
36 13 16.88% 
37 5 6.49% 
38 3 3.90% 

 

 
Figure 2. 2nd scan of Gestational age 

 
The table 4 presents the mode of delivery across 
different pregnancy conditions. Among the 77 total 
deliveries, emergency lower segment cesarean 
section (LSCS) was performed 22 times: 4 times in 
cases of only PIH, 5 times in cases of only 
intrauterine growth restriction (IUGR), and 11 times 
in cases with both PIH and IUGR. Vaginal delivery 

was most common, occurring 46 times: 5 times in 
PIH only, 2 times in IUGR only, and none in cases 
with both PIH and IUGR. Elective LSCS was the 
least common, with only 9 occurrences: 0 in cases of 
only PIH, 1 in cases of only IUGR, 2 in cases of both 
PIH and IUGR, and 6 in normal subjects. 

 
Table 4. Mode of delivery 

Type of delivery Emergency LSCS Vaginal delivery Elective LSCS Total 
Only PIH 4 5 0 9 
Only IUGR 5 2 1 8 
PIH + IUGR 11 0 2 13 
Normal Subjects 2 39 6 47 
Total 22 46 9 77 

 
Table 5 shows test results for several Doppler 
indices of the umbilical artery, uterine artery, and 
middle-cerebral artery in assessing PIH and IUGR at 
18-22 weeks of gestation. The pulsatility index (PI) 
of the uterine artery has the greatest sensitivity for 
PIH at 84.72% and for IUGR at 69.44%, surpassing 
the systolic and diastolic ratio and resistance index 
(RI). The umbilical artery's S/D ratio has lower 
sensitivity for both PIH (45.83%) and IUGR 
(73.61%) but higher specificity and positive 

predictive value (PPV) for IUGR. The middle 
cerebral artery shows lower sensitivity across all 
indices but maintains relatively high specificity and 
negative predictive value (NPV) for both conditions. 
Overall, the uterine artery indices are more sensitive 
for detecting PIH and IUGR, while the umbilical and 
middle cerebral arteries provide complementary 
information with varying levels of specificity and 
predictive values. 
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Table 5. Test outcomes for PIH and IUGR at 18–22 weeks for the uterine artery, middle cerebral artery, 

and umbilical artery 
Parameter 
Test 

Sensitivity Specificity PPV NPV DA 
PIH IUGR PIH IUGR PIH IUGR PIH IUGR PIH IUGR 

Uterine S/D 78 47.22 94.81 88.16 82.05 50 95.65 86.96 92.31 81.82  
RI 65.28 70.83 94.81 87.84 72.22 56.52 92.86 91.67 90.91 85.71  
PI 84.72 69.44 90.91 89.19 66.67 57.69 96.3 92.31 89.61 87.01  
ED 
Notch 

83.33 76.39 88.31 87.84 63.16 59.46 95.83 93.48 87.01 85.71 

Umbilical S/D 45.83 73.61 80.52 87.84 34.15 58.33 86.96 91.18 74.03 85.71  
RI 34.72 72.22 82.47 90.54 28 64.29 84.85 91.18 72.73 88.31  
PI 41.67 79.17 86.36 94.81 38.1 79.17 87.88 94.81 79.22 92.21 

MCA S/D 43.06 52.78 88.31 91.89 45.45 55.26 86.57 89.66 80.52 85.71  
RI 36.11 38.89 90.91 93.24 46.15 52 85.33 86.67 81.82 84.42  
PI 37.5 44.44 90.26 93.24 43.48 57.14 86.96 87.84 81.82 84.42 

 
The table 6 shows result of tests values for uterine 
artery, umbilical artery, and middle-cerebral artery 
assessments in evaluating PIH and IUGR after 30 
weeks of gestation. Sensitivity values indicate how 
well each test detects the presence of PIH or IUGR, 
with uterine artery PI showing the highest sensitivity 
for PIH (62%) and umbilical artery S/D for IUGR 
(77%). Specificity values measure how effectively 
each test identifies the absence of these conditions, 
with uterine artery S/D demonstrating high 
specificity for PIH (96%) and umbilical artery S/D 

for IUGR (96%). Negative (-) Predictive Value 
(NPV) and Positive (+) Predictive Value (PPV) 
indicate the probability that a positive or negative 
test result truly represents the existence or 
nonexistence of the ailment, with uterine artery PI 
showing strong PPV for PIH (62%) and umbilical 
artery PI for IUGR (99%). Diagnostic Accuracy 
(DA) combines these metrics to provide an overall 
assessment of test performance, with the highest DA 
for uterine artery S/D in PIH (92%) and umbilical 
artery PI in IUGR (95%). 

 
Table 6. TTest outcomes after 30 weeks for the umbilical, uterine, and middle cerebral arteries for PIH 

and IUGR 
Parameter 
Test 

Sensitivity Specificity PPV 
 

NPV 
 

DA 
 

PIH IUGR PIH IUGR PIH IUGR PIH IUGR PIH IUGR 
Uterine S/D 55 20 96 92 78 32 93 87 92 82  

RI 42 27 95 95 68 46 91 87 89 84  
PI 62 22 91 94 62 40 93 86 88 83  
ED 
Notch 

65 30 95 91 75 39 94 88 90 81 

Umbilical S/D 42 77 89 96 38 76 90 95 82 92  
RI 28 82 85 94 24 70 87 92 76 88  
PI 35 80 88 99 38 90 89 97 82 95 

MCA S/D 48 79 88 95 39 71 91 96 82 93  
RI 34 70 86 93 30 65 88 92 79 87  
PI 47 86 84 92 34 67 90 98 80 90 

 
Discussion 

In this study the demographic profile of participants 
was shows that who were primigravida women, 
reveals a notably young cohort, with the majority 
(57.14%) aged between 19 and 24 years. Women 
aged 18 and below represented 11.69%, while those 
aged 30-36 years made up the smallest group at 
7.79%. This predominance of younger women 
suggests that the findings may be more applicable to 
this age group, which could influence the 

generalizability of the results across different age 
demographics. Similarly, Dildy et al., [14] observed 
a cesarean birth rate among hypertensive individuals 
ranging from 11% to 57%. 

Regarding the gestational age at the first Doppler 
scan, the data show that most scans were performed 
around 20 weeks of gestation (27.27%), with 
progressively fewer scans conducted at earlier (18 
weeks) and later (22 weeks) gestational ages. This 
distribution highlights a tendency to schedule scans 
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closer to the midpoint of the second trimester, which 
may be driven by clinical guidelines or patient 
availability. For the second Doppler scan, conducted 
after 30 weeks, the distribution indicates a 
concentration of scans occurring between 34 and 36 
weeks. Specifically, 20.78% of patients were 
scanned at 35 weeks, and 16.88% at 36 weeks. The 
lower frequencies of scans at 30 weeks (6.49%) and 
38 weeks (3.90%) suggest that the timing of the 
second scan is often aligned with later stages of 
pregnancy, reflecting a focus on monitoring 
conditions closer to delivery. Similar findings have 
been expressed by Barati M et al., [16] and 
Sieroszewski et al. [15]. Saptarshi Chakraborty et 
al., [17] and Jeltsje S. Cnossen et al., 
[18] established that an anomalous uterine artery 
Doppler result exhibited good specificity and 
negative predictive value for forecasting 
preeclampsia. 

The analysis of delivery modes reveals that 
emergency lower segment cesarean sections (LSCS) 
were the most frequent mode of delivery, 
particularly in cases where both PIH and IUGR were 
present. Vaginal deliveries were most common in 
normal pregnancies but were rare in cases involving 
both PIH and IUGR. Elective LSCS was least 
common, particularly in cases with only PIH. 
Performance metrics of Doppler indices used to 
evaluate PIH and IUGR vary significantly. At 18-22 
weeks of gestation, the uterine artery Pulsatility 
Index (PI) exhibited the highest sensitivity for 
detecting both PIH (84.72%) and IUGR (69.44%), 
compared to other indices such as the 
Systolic/Diastolic ratio (S/D) and Resistance Index 
(RI). The umbilical artery's S/D ratio, while less 
sensitive, showed higher specificity and positive 
predictive value (PPV) for IUGR. Conversely, the 
middle cerebral artery demonstrated lower 
sensitivity but maintained high specificity and 
negative predictive value (NPV) across all indices. 
Ochi et al. [19] suggest that the presence of a 
diastolic notch in the flow velocity of the uterine 
artery and a higher PI are indicative of an inferior 
uterine circulation and increased uterine arterial 
resistance. 

In the late gestational period (after 30 weeks), the 
uterine artery S/D ratio again demonstrated the 
highest diagnostic accuracy (DA) for PIH (92%) and 
the umbilical artery PI showed the highest DA for 
IUGR (95%). These results underscore the utility of 
these Doppler indices in assessing pregnancy 
complications, with varying degrees of sensitivity, 
specificity, and predictive value depending on the 
timing and specific condition evaluated. The 
findings emphasize the importance of selecting 
appropriate Doppler indices and timing of scans to 
optimize the detection and management of PIH and 
IUGR in pregnant women. 

Conclusion 

Our study concludes that pregnancy-induced 
hypertension (PIH) is linked to increased fetal 
morbidity and mortality. Doppler velocimetry is a 
valuable tool for monitoring high-risk pregnancies 
with suspected IUGR and PIH. Early identification 
through Doppler can lead to timely intervention and 
enhanced surveillance, improving outcomes. 
Increased pulsatility index and diastolic notch in the 
uterine artery are effective indicators of 
preeclampsia. A combined assessment of the 
umbilical, uterine, and middle cerebral arteries 
provides the best prediction for PIH and IUGR. 
While Doppler is a safe and non-invasive method, 
the study's limitation in sample size suggests the 
need for further research with larger samples and 
additional diagnostic tests to enhance predictive 
accuracy. Overall, Doppler velocimetry remains a 
crucial tool in managing high-risk pregnancies, 
though continued research is essential for refining 
predictive methods. 
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