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INTRODUCTION 

Pre-eclampsia and Intra uterine growth restriction 

(IUGR) remain important causes of maternal and 

neonatal complications and death.
1-3 

Although the 

incidence of Pre-eclampsia in the general obstetric 

population is only 5%-10%, there is a potential for 

serious adverse outcomes.
1,3,4,5 

These conditions results 

from abnormal placenta formation involving abnormal 

trophoblast invasion of spiral arteries and a reduction in 

vascular resistance in the uteroplacental circulation.
6-8

 

Early-onset pre-eclampsia is associated with a 20-fold 

higher rate of maternal mortality than is late-onset disease 

and is one of the key contributors to early fetal growth 

restriction. Infants are often delivered preterm, need 

prolonged intensive care and develop complications, 

including lifelong disability like diabetes, hypertension. 

Symptoms generally manifest in second to third trimester 

of pregnancy, but their underlying pathology begins in 

the first trimester.
6,9-11 

Accurate prediction is therefore 

paramount to provide appropriate antenatal surveillance 

and therapy to improve perinatal outcomes. 
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ABSTRACT 

Background: Successful pregnancy is a result of countless ongoing interactions between the placental and the 

maternal immune and cardiovascular systems. Pre-eclampsia and intrauterine growth restriction (IUGR) remains 

important causes of maternal and neonatal morbidity and mortality. These conditions arise from placental 

insufficiency which can be seen as alterations in waveforms in the uterine artery (UtA) in early pregnancy. We 

investigated the predictive accuracy of UtA Doppler indices for both conditions in the first trimester early enough to 

provide a window for preventive interventions. 

Methods: It was a prospective cohort study. (UtA) Doppler was carried out at 11-14 weeks in 100 singleton 

pregnancies attending for routine care. The right and left UtA were identified and velocity waveforms were obtained. 

Mean pulsatility index (PI), mean resistance index (RI) and diastolic notch were noted. Results were tabulated and 

analyzed. 

Results: 18% developed Preeclampsia and 16% developed IUGR. The first trimester UtA mean RI and mean PI were 

significantly higher in patients who are destined to develop Preeclampsia and IUGR. No significant relationship was 

found between IUGR, Preeclampsia and diatolic notch. Mean RI is a better predictor of IUGR and Pre-eclampsia 

compared to Mean PI. Using receiver operating characteristics (ROC) curve, the best cut-off of mean RI to detect the 

Pre-eclampsia and IUGR is 0.68. 

Conclusions: UtA Doppler at 11–14 weeks of gestation identifies a high proportion of women who will develop 

severe pre-eclampsia, and/or IUGR. 
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Uterine artery (UtA) Doppler velocimetry has 

revolutionized the investigation of the developing 

placental vasculature showing that impedance to flow in 

the uterine arteries decreases with the gestational age in 

normal pregnancy.
12

 But this impedance to flow is 

increased in established pre-eclampsia and IUGR even 

before the clinical signs of the disease are seen.
13,14

 

Hence, this study is designed to focus on the employment 

of Doppler ultrasound in the first trimester which may 

provide an excellent opportunity to screen for these 

pregnancy complications at an early stage, when 

intervention might be possible for the successful 

pregnancy outcome.
 

The aim of this study is to investigate the role of colour 

Doppler in first trimester of pregnancy in predicting 

Preeclampsia and Intra uterine growth restriction. 

METHODS 

This was prospective cohort study, conducted on 100 

women in the age group 19-33 years with singleton 

pregnancy between 10-14 weeks of gestation coming for 

routine antenatal check-up and was followed till delivery. 

Inclusion criteria 

 Singleton pregnancy. 

 Gestational age between 10-14 weeks. 

 Accurate dating using last menstrual period or 

ultrasound examination before, in weeks. 

Exclusion criteria 

 Carrying a fetus with sonologically detected 

congenital anomaly. 

 Women with any systemic illness like chronic 

hypertension, renal disease, and diabetes mellitus. 

 Multiple pregnancy. 

 Those with a known congenital uterine malformation 

detected in the previous scan reports 

After obtaining informed consent, the patient details were 

recorded. Pregnancy dating was done from the LMP and 

confirmed by ultrasonography measurements of CRL. 

General examination findings and vitals were noted. 

Patients were subjected to Doppler ultrasound 

examination between 10-14 weeks. Both the uterine 

arteries were identified with colour Doppler at the point 

at which they appeared to cross the external iliac artery. 

The resistance index (RI), pulsatility index (PI) and 

presence or absence of diastolic notch were assessed in 

both the uterine arteries. All the patients were followed 

routinely when their BP was monitored and the presence 

of urine albumin was noted. Only women with blood 

pressure ≥140/90 measured on two occasions after 20 

weeks of pregnancy and with proteinuria of ≥1+ by 

dipstick or with any sign of disease severity (E.g.; 

HELLP Syndrome, Eclampsia, pulmonary edema, and 

cardiac failure) were considered to be pre-eclamptic. 

Development of IUGR was detected clinically and also 

from the interval growth rate and from ultrasound. IUGR 

was identified when there was no adequate interval 

growth detected clinically and by the ultrasonography; 

when the fetal weight was less than 10
th

 percentile for 

that gestational age. Fetal parameters considered at 

delivery were the gestational age at delivery, mode of 

delivery, birth weight, APGAR, fetal outcome, NICU 

admission and ventilatory support. The gathered data was 

entered in Microsoft Excel and appropriate Statistical 

Analysis done using SPSS software (version 17). 

Continuous variables were presented as mean±SD. 

Normally distributed continuous variables were 

compared using Student t-test. A receiver operating 

characteristics (ROC) analysis was calculated to 

determine optimal cut-off value for Mean RI and Mean 

PI to predict Pre-eclampsia and IUGR. For all statistical 

tests, p value less than 0.05 was taken to be significant. 

RESULTS 

Table 1: Age distribution of study group. 

Age in years Frequency Percentage 

20-24 12 12.0 

25-29 72 72.0 

30-34 16 16.0 

Total 100 100 

Table 2: Gravity distribution of study group. 

Gravida Frequency Percent 

G1 60 60 

G2 26 26 

G3 10 10 

G4 4 4 

Total 100 100 

Table 3: Mean RI and mean PI values (n = 100). 

Uterine artery Doppler indices Mean 

Rt UtA RI 0.6546 

Lt UtA RI 0.6558 

Mean RI (Rt and Lt) 0.6534 

Rt UtA PI 1.5234 

Lt UtA PI 1.4874 

Mean PI 1.5052 

Table 4: Presence of diastolic notch in study group. 

Diastolic notch Frequency Percentage 

Present in both (RT and 

LT) 
46 46% 

Present in one 30 30% 

Absent in both 24 24% 

Total 100 100% 
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In this study, 100 women, representative of the local 

pregnant population were recruited with a 100% follow-

up rate. In our study 2 patients developed Eclampsia at 28 

weeks and 2 patients developed severe Preeclampsia and 

IUGR at 31 weeks. LSCS was done in all the cases with 

poor fetal outcome. Out of 100 cases taken, 18 (18%) 

developed Pre-eclampsia. Out of which 6 were early Pre-

eclampsia requiring delivery before 34 weeks. IUGR 

developed in 16 cases (16%) in our study. In our study 

maternal age ranged from 20-32 yrs with a mean of 27.26 

(Table 1).  

Table 5: Comparison of UtA Doppler indices between 

IUGR and normal babies at birth and patients with 

and without preeclampsia. 

IUGR at birth N Mean 
Std. 

deviation 
P value 

Mean 

RI 

Present 

Absent 

16 

84 

0.7413 

0.6367 

0.08543 

0.07904 
0.001 

Mean 

PI 

Present 

Absent 

16 

84 

1.8100 

1.4471 

0.60651 

0.34071 
0.020 

PE at birth 

Mean 

RI 

Present 

Absent 

18 

82 

0.7400 

0.6344 

0.08000 

0.07861 
0.001 

Mean 

PI 

Present 

Absent 

18 

82 

1.8611 

1.4271 

0.49652 

0.34845 
0.003 

Table 6: Association of diastolic notch and IUGR and 

pre-eclampsia cases. 

 Notch 
Present 

in both 

Present 

in one 

Absent 

in both 

P 

value 

 

IUGR 

 

Present 

 

Absent 

8 

17.4% 

2 

6.7% 

6 

25% 
0.42 

38 

82.6% 

28 

93.3% 

18 

75% 

Pre-

eclampsia 

Present 

 

Absent 

8 

17.4% 

6 

20% 

4 

16.7% 
0.97 

38 

82.6% 

24 

80% 

20 

83.3% 

Maximum number of women was between 25-29 years of 

age. Table 2 shows gravid wise distribution of the study 

group. In the present study, out of 100 subjects, 

maximum number of patients was primigravida (60%). 

Mean RI and Mean PI values and presence or absence of 

diastolic notch are shown in table 3 and 4.  

Table 5 and 6 shows that there is significant difference in 

mean RI and mean PI values between the patients with 

IUGR and normal birth babies and between preeclamptic 

and normotensive patients (p value <0.05). Occurrence of 

IUGR and preeclampsia does not have any correlation 

with presence or absence of diastolic notch as shown in 

table 5 (p value >0.05). Pre-eclampsia is significantly 

associated with IUGR at birth as shown in table 7.12 out 

of 100 patients developed both Preeclampsia and IUGR. 

66.7% patients with Preeclampsia and 62.5% patients 

with IUGR developed oligohydramnios representing a 

statistically significant association between them as 

shown in Table 8. 

Table 7: Association between pre-eclampsia and 

IUGR at birth. 

 
Preeclampsia 

Present Absent P value 

IUGR Present 12 4 
<0.001 

 Absent 6 78 

There is a significant relationship between gestational age 

at delivery, APGAR score and, IUGR and Pre-eclampsia 

(Table 9). Preeclamptic patients deliver significantly 

SGA babies as compared to normotensive patients.(table 

10, mean wt 1.7 kg). 75% of patients with IUGR 

underwent Cesarean section whereas 23.8% without 

IUGR had cesarean section (p<0.05; which was 

statistically significant). Vaginal delivery was performed 

in 25% cases of IUGR. 77.8% of the Pre-eclamptic 

women underwent cesarean section and only 22.2% of 

them had vaginal delivery. 22% of non-pre-eclamptic 

women had cesarean section (Table 11).  

Mean RI is a better predictor of IUGR and Pre-eclampsia 

compared to Mean PI since the area under the curve is 

higher for mean RI (Figure 1 and 2). Using ROC curve, 

the best cut-off of mean RI to detect the Pre-eclampsia is 

0.68 with 78% sensitivity and 73% specificity. The best 

cut off of mean RI to detect IUGR is 0.68 with 75 % 

sensitivity and 71 % specificity. 

DISCUSSION 

The fetal growth and ultimate pregnancy outcome 

depends to a large extent on continuous flow of oxygen 

and nutrients from mother to the fetus. The steady supply 

to fetus occurs by continuous adjustments of 

uteroplacental and fetoplacental circulation throughout 

pregnancy. 

Our study was mainly centred on using Doppler 

technique, demonstrating a lower UtA RI and PI in 

normal outcome pregnancies than in complicated cases, 

suggesting that a lack of a normal uteroplacental 

circulation at this early stage of pregnancy may partly 

predict the later development of some of the pregnancy 

complications. The period between 10-14 weeks was 

chosen to perform the uterine artery Doppler because a 

routine scan for nuchal translucency and early anatomical 

assessment was scheduled at this time of gestation. 

Maternal age ranged from 20-32 yrs with a mean of 27.26 

in our study and was 31.3 in the study conducted by 

Martin et al.
16

 

The mean uterine artery RI values changed between 11 

and 14 weeks’ gestation (r = −0.086, P <0.00001; mean 

RI = 0.872 − 0.002 × gestation (days)) with the RI 

decreasing by 0.002 each day. For the purpose of study, 
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the uterine artery indices were considered to be 

unchanged over this gestational age window, as the 

magnitude of change was smaller than the accepted 

observer variability of first-trimester uterine artery 

Doppler imaging. 

In our study we found that Mean RI and Mean PI were 

higher in patients developing IUGR and Pre-eclampsia (p 

value <0.05). These findings are consistent with the 

studies conducted by Gomez et al who demonstrated a 

lower impedance in the uterine artery of normal outcome 

pregnancies than in complicated cases, Martin et al also 

found high RI index in patients developing IUGR and 

pre-eclampsia.
15,16

  

 

Table 8: Distribution of oligohydramnios in IUGR and pre-eclampsia cases. 

Oligohydramnios (cm) 
Pre-eclampsia IUGR 

P value 
Present Absent Present Absent 

Present AFI<8 
12 2 10 4 

<0.001 
66.7% 2.4% 62.5% 4.8% 

Absent AFI>8 
6 80 6 80 

<0.001 
33.3% 97.6% 37.5% 95.2% 

 

Table 9: Fetal parameters at delivery and IUGR and pre-eclampsia. 

 N Mean GA (weeks) P value Mean APGAR score P value 

IUGR 
Present 16 34.5750 <0.001 5.6250 

<0.001 
Absent 84 38.5167  7.2143 

Pre-eclampsia 
Present 18 34.6889 <0.001 5.7778 <0.001 

Absent 82 38.5878  7.2195  

 

Table 10: Mean birth weight in pre-eclampsia cases. 

  N 

Mean 

weight 

(kg) 

Std. 

deviation 

P 

value 

Pre-

eclampsia 

Present 18 1.7249 0.70432 
<0.001 

Absent 82 2.8712 0.20953 

Table 11: Mode of delivery in the study group. 

 N LSCS 
Vaginal 

delivery 

P 

value 

IUGR 
Present 16 12 4 

0.004 
Absent 84 20 84 

Pre-

eclampsia 

Present 18 14 4 
0.001 

Absent 82 18 64 

Odibo AO et al found that uterine artery PI is a 

reasonable, individual predictor of women at risk to 

develop pre-eclampsia.
17

 Melchiorre K et al also found 

that the first-trimester uterine artery mean RI was 

significantly higher in women destined to deliver small 

for gestational age neonates than in women with normal 

pregnancies (median uterine artery RI, 0.74 vs. 0.70, P 

<0.001).
18

 In the study conducted by Fratelli N et al, 

among 76 high risk women, 30 (39%) had abnormal 

uterine Doppler which was significantly related to higher 

incidence of preeclampsia (17% vs. 0%; p=0.0041), fetal 

growth restriction (27% vs. 0%; p=0.0002), intrauterine 

death , and iatrogenic preterm delivery.
19

  

 

Figure 1: ROC Curve for predicting pre-eclampsia. 
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Figure 2: ROC curve for predicting IUGR. 

In our study, 16 cases (16%) had Mean PI ≥ 2.00 (90
th

 

centile) and this group contained 8 cases (36.4%) of those 

that developed IUGR and Pre-eclampsia similar to the 

study conducted by Schuchter K et al in which uterine 

artery PI was ≥90th centile in 38 (10%) pregnancies and 

this group contained nine (25%) of those that developed 

complications.
20 

Mean UtA PI was significantly higher (p value <0.05) in 

Pre-eclamptic cases that required delivery before 34 

weeks thus, much better at identifying the more severe 

and clinically most relevant cases of Pre-eclampsia. 

Papaqeorqhiou AT et al reviewed the previous studies 

which showed that for a false positive rate of 5%, first-

trimester uterine artery Doppler studies will detect 50-

65% of women who will develop severe preeclampsia. 

In this study, Receiver-operating characteristics (ROC) 

curve was used to find out the mean RI cut-off which was 

0.68. Based on this cut-off, it was found that with a 

sensitivity of 77.8%, it could identify 38.9% of the cases 

of pre-eclampsia at a false positive rate of 26.8%. 

Similarly with a sensitivity of 75%, the test could identify 

33.3% of the cases of IUGR at a false positive rate of 

28.6%., Mean RI at 75
th
 centile was 0.71 and at 95

th
 

centile it was 0.82. At 75
th

 centile the sensitivity for 

detecting IUGR and Pre-eclampsia was 62.5% and 66.7% 

with a specificity of 83.3% and 85.4% respectively 

consistent with the findings of Dugoff et al.
21

 In his study 

Mean RI cut-off at 75th centile (0.731) and at 95th centile 

(0.81). Accordingly at the 75th percentile, the sensitivity 

for detecting pre-eclampsia and IUGR was 72.3% and 

66.7% with a specificity of 84% and 75% respectively. 

In our study all the patients with Mean RI >95
th

 centile 

(0.82) developed IUGR and Pre-eclampsia showing 

100% specificity with 22.2% sensitivity for Pre-

eclampsia and 25% for IUGR. This may be because of 

small sample size.  

It has been proved beyond doubt, in the previous studies 

and in the present study, that pre-eclampsia is 

significantly associated with IUGR. The sensitivity in the 

present study of finding IUGR in patients with pre-

eclampsia was 66.7% with a Positive predictive value 

(PPV) of 75%. This proves that both these entities: pre-

eclampsia and IUGR, stem from one common pathology 

which has been known to be early defective placentation. 

Mean RI and Mean PI was significantly higher in patients 

requiring Cesarean section as compared to normal 

delivered patients suggesting that when Doppler flow 

indices were abnormal, incidence of fetal distress was 

more while with normal Doppler, Cesarean section was 

done mainly for other reasons like CPD, NPOL etc. 

APGAR score, mean birth weight, was significantly low 

in patients having raised first trimester uterine Doppler 

indices. 18% of the babies received NICU care due to the 

complications of Prematurity, respiratory distress and 

IUGR. 

The persistence of the notch, with an increased RI and 

increased PI indicate heightened vascular resistance 

serving as predictors of pre-eclampsia and adverse fetal 

outcome. There is a lot of controversy regarding the 

timing of the disappearance of the notch. The most 

prevailing opinion is that the notch disappears only in the 

interval between 19
th

 and 21st gestational week 

corresponding to the 2nd wave of trophoblastic invasion.  

The presence or absence of bilateral or unilateral diastolic 

notch in this study was not found to be statistically 

significant which is consistent with the study by Martin et 

al, Dugoff et al.
16,21

  

Yet few other studies of J.M. Martinez et al, Carbillon et 

al, Melchiorre K et al found that compared with the 

normal pregnancies, complicated pregnancies had 

significantly higher persistence of a bilateral notch.
22,23 

The presence of bilateral notches in the first-trimester 

uterine artery waveform was a relatively poor predictor of 

pre-eclampsia because of the high prevalence of this 

finding in normal pregnancies concluding that early 

bilateral notching alone is unlikely to be useful in 

screening for pregnancy complications. 

Present study, therefore, suggests that Doppler 

velocimetry in first trimester is a useful investigation in 

predicting some of the pregnancy complications 

developing at later gestation. Measures can then be taken 

to decrease their incidence. Patients developing 

complications at an early gestation require more intensive 
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surveillance and early delivery in some cases may be the 

only option.  

Genital tuberculosis frequently causes infertility and 

secondary amenorrhea. In a country like India where 

tuberculosis is endemic a clinician should have a high 

degree of suspicion when evaluating cases of infertility 

and secondary amenorrhea. 

CONCLUSION 

First trimester UtA RI can be used as a good predictor for 

pre-eclampsia and IUGR. Pre- eclampsia is significantly 

associated with IUGR in the low risk population. Lower 

uterine artery Doppler indices were found in normal 

pregnancies and patients with raised Doppler indices had 

more chance of indicated preterm deliveries, 

oligohydramnios, low birth weight babies, caesarean 

section, and fetal compromise when compared with those 

of low Doppler indices. Raised Doppler indices in first 

trimester is associated with the development of preterm, 

rather than term, pre-eclampsia and provide supportive 

evidence for the hypothesis that these disorders may have 

different etiologies, preterm condition is associated with 

defective invasion of the spiral arteries, whereas the 

spiral artery defect plays a much smaller role, if at all, in 

the cases nearer term. 

We, therefore, conclude that Doppler ultrasonography is 

the best non-invasive investigation to assess changes in 

uteroplacental hemodynamics. However, a sequential 

ultrasound Doppler analysis in the second trimester 

would have further increased the sensitivity of the test 

and decreased the false positive rate. 
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