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ABSTRACT 

 Objectives: To examine the performance of screening for early onset 

Preeclampsia in pregnancy at 11–13 weeks by uterine artery Doppler imaging. 

Aming to decrease feto-maternal morbidity and mortality of preeclampsia. 

Methods: This was a prospective screening study of 256 healthy primiparous 

women screened for pre-eclampsia (PE) requiring delivery before 34 weeks 

(early onset PE) in women attending for their routine first hospital visit in 

pregnancy at 11 +0 to 13+ 6 weeks of gestation. Maternal history was 

recorded, color flow Doppler imaging was used to identify the mean uterine 

artery pulsatility index (UtAPI) and follow up till delivery was performed. 

Results: There were 237 unaffected controls, 5cases who developed early PE 

and 14 with late PE. Compared to the controls, in early PE and late PE the 

mean uterine artery PI was increased. In screening for preeclampsia using the  

meanuterine artery PI  the detection rate of PE was 42.11%, at a 63.7% 

specificity. In the prediction of early onset PE there was a significant 

improvement the detection rate of early PE was 80.0%, at a 64.14% specificity. 

Conclusion: usage ofthe mean uterine artery Doppler pulsatility index (UtAPI)  

at 11-13 weeks of pregnancy is a promising tool in prediction of  in early onset 

preeclampsia. 

Key Words: First-trimester screening, early onset pre-eclampsia, Uterine artery 

Doppler, pulsatility index. 
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INTRODUCTION 

Pre-eclampsia (PE), which affects about 2-10% of pregnancies, is a major 

cause of maternal and perinatal morbidity and mortality (WHO,2005). 

Hypertension developing in the second half of pregnancy is subdivided 

according to the presence or absence of coexisting significant proteinuria into 

PE and gestational hypertension (GH). Recent evidence suggests that PE can be 

further subdivided into early onset PE and late onset PE, the former being 

associated with a higher incidence of fetal growth restriction and both short-

term and long-term maternal mortality and morbidity (Yu et al.,2008). Early 

onset preeclampsia was defined as cases that required delivery before completed 

34 weeks of gestation due to preeclampsia or its complications.An imposing 

number of mechanisms have been proposed to explain the cause of 

preeclampsia. Instead of being simply "one disease," preeclampsia appears to be 

a culmination of factors that likely involve a number of maternal, placental, and 

fetal factors (Lindheimer et al., 2009). 

Those currently considered important include: 

1. Placental implantation with abnormal trophoblastic invasion of uterine 

vessels 

2. Immunological maladaptive tolerance between maternal, paternal 

(placental), and fetal tissues 

3. Maternal maladaptation to cardiovascular or inflammatory changes of 

normal pregnancy 

4. Genetic factors including inherited predisposing genes as well as 

epigenetic influences (Cunningham et al., 2010). 

The underlying mechanism for the development of PE is thought to be 

impaired trophoblastic invasion of the maternal spiral arteries and their 



 
 

 

251 

 

AL-AZHAR ASSIUT MEDICAL JOURNAL 

 

AAMJ, VOL (12), NO (4), OCT 2014 
 

conversion from narrow muscular vessels to wide non-muscular channels 

independent of maternal vasomotor control (Cnossen et al.,2008). 

Doppler studies of the uterine arteries at 11–13 weeks have demonstrated 

that impedance to flow is increased in pregnancies that subsequently develop 

hypertensive disorders and that the increase is particularly marked for early PE 

(Plasencia et al.,2007). 

The aim of this study is to examine the performance of screening for early 

onset preeclampsia in pregnancy by usingthe mean uterine artery pulsatility 

index at 11–13 weeks. 

MATERIALS AND METHODS 

This was a prospective screening study for early onset PE in singleton 

pregnancies. All healthy primiparous women attended outpatient clinic in Al-

Hussein and Bab Elsha'ria hospitals between September 2012 and September 

2014 for routine antenatal care at 11 + 0 to 13 + 6 weeks of gestation.Written 

informed consent was obtained from women who agreed to participate in the 

study, which was approved bythe Ethical and Research Committee of the 

Council of Obstetric and Gynecology Department, Al-Azhar University. 

Patients were asked to complete a questionnaire on maternal age,  active 

cigarette smoking during pregnancy (yes or no), medical history (including 

chronic hypertension, diabetes mellitus, antiphospholipid syndrome, 

thrombophilia and sickle cell disease), medication (including anti-hypertensive, 

antidepressant, antiepileptic, antithyroid, aspirin,β-mimetic, insulin, steroids, 

thyroxine), methods of conception (spontaneous, use of ovulation drugs or in-

vitro fertilization) and family history of PE (mother). The maternal blood 

pressure, weight and height were measured, and the BMI was calculated. 

Transabdominal or transvaginal ultrasound examination was carried out for 

measurement of fetal CRL(crown- rump length) and diagnosis of any major 
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fetal defects and measurement of UtA-PI on both sides . For the Doppler studies 

a sagittal section of the uterus was obtained, and the cervical canal and internal 

cervical os were identified. Subsequently, the transducer was gently tilted from 

side to side and color flow mapping was used to identify each UtA along the 

side of the cervix and uterus at the level of the internal os. Pulsed wave Doppler 

imaging was used with the sampling gate set at 2 mm to cover the whole vessel 

and care was taken to ensure that the angle of insonation was less than 30◦. 

When three similar consecutive waveforms had been obtained the UtA-PI was 

measured on both sides, and the mean UtA-PI of the left and right arteries was 

calculated (Prefumoet al. 2006).The machine used in this study was Medicon 

sonoace x6 and Siemens Sonoline Sienna ultrasound machine with Doppler unit 

that had a transvaginal probe with a frequency 7.5MHz and a curvilinear probe 

transabdominal probe with a 5 MHz frequency. 

Follow up  

All cases were followed up regularly once monthly for the first six months 

of pregnancy, twice monthly during the seventh and eighth month and then once 

weekly till delivery. 

In Follow up visits The blood pressure was taken by mercurial 

sphygmomanometers which are calibrated before and at regular intervals during 

the study. Recordings were taken with the women in the seating position, with 

the arm lowered at the heart level. The cases should be in complete physical and 

mental rest during blood pressure measurement, Korotkoff V sound was taken 

as a reference for diastolic blood pressure measurement. 

A mid stream urine sample was taken in each visit to detect albuminurea by 

dipsticks and 24-h collection of urine was analysed for proteinuria if dipstick 

analysis of midstream urine specimens is one plus or more. 
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Examination of the lower limb to detect edema and its level if present by 

pressing the thumb against the tibia in the leg edema and pinching for higher 

edema. Maternal weight gain was assessed in each visit to exclude internal 

edema. 

Abdominal ultrasound to check fetal viability and to estimate its biometry to 

detect fetal death or growth restriction. 

Fetal death is determined by absent fetal heart beats, and fetal growth 

restriction is determined when the fetal biometry is less than 5th percentile for its 

corresponding gestational age on growth curves. 

Outcome measures 

The definition of Preeclampsia was that of the International Society for the 

Study of Hypertension in Pregnancy. The diastolic blood pressure should be ≥90 

mmHg on at least two occasions 4 hours apart, developing after 20 weeks of 

gestation in previously normotensive women in the presence of significant 

proteinuria of  ≥300 mg in 24 h or two readings of at least two plus (++) on 

dipstick analysis of midstream or catheter urine specimens if no 24-h collection 

is available (Brown et al.,2001). 

The type of delivery whether vaginal delivery or Caesarian section for each 

patient, the gestational age at time of delivery, perinatal maternal mortality or 

morbidity were recorded. Also neonatal outcome and birth weight for each case 

was recorded. 

RESULTS 

This is a prospective cohort study of 275 healthy nulliparous women with no 

past history of medical disorders, all were non smokers. Twelve cases (4.3%) 

were excluded from statistical analysis due to missing outcome data.Three cases 

(1.1%) were excluded from statistical analysis due to major fetal defects 

discovered after the initial assessment (anencephaly, bilateral renal agenesis and 
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hydrocephalus).Two cases (0.72%) were excluded from statistical analysis due 

to unexplained intrauterine fetal death before 24 weeks of gestation. Two cases 

(0.72%) were excluded from statistical analysis due to spontaneous preterm 

labour before 34 weeks of gestation. During this study the incidence of 

preeclampsia was 7.42% while the incidence of early onset preeclampsia 

(requiring delivery before 34 weeks) was 1.95%. 

The data of the remaining cases (256) were classified into three groups: 

 Group I: Control group = cases that did not develop preeclampsia (n = 237 

cases = 92.57%). 

 Group II: Overall preeclampsia group = all cases that developed 

preeclampsia (n = 19 cases = 7.42%). 

 Group III: Early onset preeclampsia group = cases that required delivery 

before 34 weeks of gestation due to preeclampsia or its complications; 

Although this is a subgroup of group II, it was tested separately for the 

significant maternal and perinatal morbidity and mortality among this group 

(n = 5 cases = 1.95%). 

The Mean PI MoM (Multiple Of Median) of the study population was 1.26 ± 

0.18 MoM while in the control group it was 1.06 ± 0.16. In all preeclampsia 

group The Mean PI MoM was 1.23 ± 0.23 while in early preeclampsia group it 

was 1.6 ± 0.38. Comparison of mean UtAPI MoM values showed significant 

high results in early onset preeclampsia group (p < 0.001*).when performing 

statistical analysis to test the power of high uterine artery pulsatility index (≥ 

95thpercentile = 2.56) in prediction of overall PE the Sensitivity or true positive 

rate (TPR) was 42.11%, specificity or true negative rate (TNR)  = 63.7% (P 

value = 0.758).While in early onset PE the sensitivity was 80.0%, specificity = 

64.14% (P value = 0.015). 
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Table (1): comparison between the control group and early onset 

preeclampsia group regarding demographic data. 

 
Control Group(n=237) 

Early onset 

Preeclampsia(n=5) 
 

Range Mean± S.D Range Mean±S.D. T p-value 

Age  in 

years 
19.10 - 31.4 25.2 ± 2.2 23.1 - 33.5 27.4 ± 2.1 2.974 0.003 

Height in 

meters 
1.48 - 1.70 1.55 ± 0.09 1.53 - 1.67 1.61 ± 0.06 1.991 0.047 

Weight in 

kilograms 
51.43-98.0 72.1 ± 8.11 71.3-94.4 83.4 ± 5.8 4.158 <0.001* 

Body 

Mass 

Index 

23.4 - 29.94 25.0 ± 2.23 30.45-33.8 31.9±2.11 9.204 <0.001* 

P > 0.05 (insignificant), P < 0.05 (significant), P < 0.01 (highly significant), P < 

0.001 (very highly significant). 

Table (2):Comparison between the control group and early onset 

preeclampsia group regarding pregnancy outcome. 

Pregnancy outcome Controls EoPE 
ANOVA or chi-

square 

G.A. at 

delivery(wks) 
38.14 ± 1.43 32.57 ± 2.14 11.459 <0.001* 

B.W. 

(gm) 

3436.0

0 
± 

521.0

0 

1573.0

0 
± 

218.0

0 
10.701 <0.001* 

Perinatal 

Fetal death 
0 0.00% 1 20.0% 26.071 <0.001* 

C.S. 60 25.31% 4 80.0% 19.963 <0.001* 

ICU 

Admission 
0 0.00% 5 100.00% 430.754 <0.001* 

P > 0.05 (insignificant), P < 0.05 (significant), P < 0.01 (highly significant), P < 

0.001 (very highly significant). 

Table (3):Comparison of mean UtA PI MoM among the three groups. 

group 
Mean UtA PI  MOM ANOVA 

Range Mean ± SD F P-value 

Control 0.88 - 1.29 1.06 ± 0.16 

6.55 0.05 All PE 0.98 - 1.68 1.23 ± 0.23 

EoPE 0.98 - 2.75 1.60 ± 0.38 

Tukey's test 

Control& All PE Control&EoPE All PE&EoPE 

0.223 <0.001* 0.056 

P > 0.05 (insignificant), P < 0.05 (significant), P < 0.01 (highly significant), P < 

0.001 (very highly significant). 
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Figure (1): comparison of mean UtA PI MoM among the three groups 

Table (4): The ability of high Uterine artery mean PI > 95th percentile in 

the prediction of overall preeclampsia 

 
Preeclampsia No Preeclampsia Total Chi-square 

N % N % N % X
2
 P-value 

Positive 8 42.11 86 36.28 94 36.72 

0.094 0.758 Negative 11 57.89 151 63.72 162 63.28 

Total 19 100.00 237 100.00 256 100.00 

P > 0.05 (insignificant), P < 0.05 (significant), P < 0.01 (highly significant), P < 

0.001 (very highly significant). 

Table (5): The ability of high Uterine artery mean PI > 95th percentile in 

the prediction of early onset preeclampsia. 

 
EOPE No PE Total Chi-square 

N % N % N % X
2
 P-value 

Positive 4 80.00 90 35.86 94 36.72 

5.893 0.015* Negative 1 20.00 161 64.14 162 63.28 

Total 5 100.00 251 100.00 256 100.00 

P > 0.05 (insignificant), P < 0.05 (significant), P < 0.01 (highly significant), P < 

0.001 (very highly significant). 

DISCUSSION 

Accurate prediction of adverse pregnancy outcomes, including preeclampsia, 

intrauterine growth restriction (IUGR), pregnancy loss, and preterm delivery, is 

a long-sought goal of perinatology. Together, these complications are common 

and contribute significantly to perinatal mortality and morbidity (Tuuli and 

Odibo,2011). 
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Increasing evidence suggests that although they generally manifest later in 

pregnancy, their underlying pathology is largely established early in pregnancy 

(Kauffman et al.,2003). 

This finding has sparked great interest in the search for tests to predict them 

early in pregnancy before these complications occur.  

Although there is currently no effective prophylactic or therapeutic 

intervention for many of these adverse outcomes, the ability to accurately 

predict them early has several advantages. It would identify those women who 

require more intensive monitoring and permit earlier recognition when these 

complications develop. It may also permit the use of interventions, such as 

antenatal corticosteroids, to improve perinatal outcomes if preterm delivery is 

indicated. In addition, accurate prediction will permit targeting of potential 

preventive measures to those at risk and initiate them early, before the 

underlying pathology is established (Tuuli and Odibo,2011). 

We chose 11 to 13 weeks as the gestation for screening, because this is 

emerging as the first hospital visit of pregnant women at which combined 

sonographic and biochemical testing for chromosomal and other major defects 

is carried out.  

This timing agrees with recent studies by Martin et al. (2001), Gomez et al. 

(2005), Pilalis et al.(2007) and Plasencia et al.(2007). However, Harrington 

et al. (1996), Albaiges et al. (2000), Papageorghiou et al.(2001) and Yu et 

al.(2008) choosed to perform uterine artery Doppler during the second trimester 

(18-24 weeks) claiming this is the time when placental trophoblastic invasion is 

complete and benefiting from persistence of bilateral diastolic notches as a 

strong predictor of adverse pregnancy outcome.  

During this study the uterine artery pulsatility index was the index of choice 

as used by other investigators; Plasencia et al. (2007),Poon et al.(2009a), Poon 
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et al.(2009b) and Akolekar et al.(2011).Differing approach was adopted by 

Dugoff et al.(2005) and Chhabra et al.(2012).who used the R.I as the index of 

choice. 

The mean value of right and left uterine arteries was used during this work 

following the protocol of Plasencia et al. (2007), Staboulidou et al.(2009) 

khalil et al.(2010) and Akolekar et al.(2011). 

In this study neither unilateral nor bilateral notches were used as a criteria 

for abnormal uterine artery Doppler velocimetry as bilateral notching was found 

normaly in 58% of cases representing the early increased impedence to blood 

flow in the first trimester as found also by Martin et al.(2001) who stated that 

early diastolic notches were present in 55% of the cases, limiting their use for 

screening at this gestation. 

Results showed moderate predictive ability of uterine artery Doppler 

pulsatility index(UtAPI) ≥2.54 or 1.628 MOM in the prediction of overall 

preeclampsia. (Sensitivity42.11%, specificity 63.7%). 

Also the test showed better ability to predict early onset preeclampsia 

(sensitivity 80.0%, specificity 64.14%) 

These results are similar to those cited by Tuuli and Odibo (2011) in their 

review on the role of serum markers and uterine artery Doppler in identifying 

at-risk pregnancies. They stated that the sensitivities and specificities of uterine 

artery Doppler in low-risk populations varied from 34% to 76% and 83% to 

93%, respectively (Tuuli and Odibo,2011). 

It is also comparable to other studies that gave lower sensitivity values  

Pilalis et al.(2007) found the sensitivity of uterine artery Doppler PI 

>95thpercentile alone in detection of preeclampsia equals 23.1% with a positive 

predictive value of 6.7% . 
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Closer to our results are those of Martin et al.(2001) who found uterine 

artery Doppler pulsatility index (PI) alone had a sensitivity of around 25–30% 

for a 10% false-positive rate for the detection of pre-eclampsia. This sensitivity 

was slightly better for the prediction of early pre-eclampsia (40–50%). 

The findings demonstrate that in first-trimester screening for PE, the 

performance of the test is better for early- rather than late-onset disease. This is 

particularly important because the objective of early screening is to identify the 

high-risk group that may benefit from therapeutic interventions that reduce the 

prevalence of PE. 

CONCLUSION 

In conclusion uterine artery Doppler pulsatility index (UtAPI) is a promising 

tool in the prediction of early onset preeclampsia as it gave better predictivity in 

early onset preeclampsia than overall preeclampsia. 

Large scale application of first trimester uterine artery Doppler measurement 

is cost effective although there is no defenetive treatment or preventive method 

for preeclampsia, identification of high probability cases may provide better 

attention, closer follow up and early intervention that may save the mother's or 

fetus' life. 

RECOMMENDATIONS 

 Further research should be done to investigate the causes of preeclampsia, 

treatment and prevention of the disease. 

 Large scale application of uterine artery Doppler in the first trimester for 

prediction of adverse pregnancy outcome should only be used after 

complete assessment of safety of the procedure. 

 Measuring placental volume and vascular indices by 3D ultrasound should 

be tried as a tool to predict preeclampsia.   
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الملخص العربي 

 : الهدف من البحث

ٌح نقٍاس انذٔتهز عهى انشزٌاٌ انزحًى فى انفرزج يٍ ًٌصم ْذا انثحس يحأنح نذراسح انقذرج انرُثؤ 

أسثٕع حًم  34أسثٕع حًم فً انرُثؤ تًزض ذسًى انحًم انًثكز انذي ٌسرذعً انٕالدج قثم  14إنى   11

تغزض ذقهٍم انًخاطز انًرزذثح عهى انًزض فًٍا ٌخص األو ٔانجٍٍُ 

 : طريقة البحث

إنى   11يٍ  عًز انحًمانحٕايم ألٔل يزج فى حانح يٍ انسٍذاخ  256أجزٌد ْذِ انذراسح عهى  

 انجايعً ٔتاب انشعزٌح انجايعً انالذً حضزٌ نًراتعح انحًم تًسرشفٍاخ انحسٍٍ رحًٍح ٔأسثٕع  14

عٍ طزٌق قٍاس دٔتهز انشزٌاٌ انزحًً شى يراتعح  2014ٔحرى سثرًثز  2012فً انفرزج يٍ سثرًثز 

ذشاف اإلصاتح تًزض ذسًى انحًم عٍ طزٌق قٍاس ضغظ انحاالخ طٕال فرزج انحًم ٔحرى انٕالدج الك

.  انذو انشزٌاًَ ٔكًٍح انثزٔذٍٍ تانثٕل

 :  نتيجة البحث

حاالخ اسرذعد  5يُٓا ذسًى انحًم  إصاتح تًزض  19تعذ انًراتعح انذٔرٌح نهحاالخ ذى اكرشاف  

َثؤ ترسًى انحًم انًثكز تد انثحس قذرج دٔتهز انشزٌاٌ انزحًً عهى اندزأسثٕع حًم ٔقذ أ 34انٕالدج قثم 

% . 64.14ٔذخصصٍح ذصم إنى% 80ذصم إنى حساسٍح أسثٕع تُسثح  34انذي ٌسرذعً انٕالدج قثم 

 :  خالصة البحث

أشثد انثحس انذٔر انٕاعذ انذي ًٌصهّ إجزاء دٔتهز انشزٌاٌ انزحًً فً انصهس األٔل يٍ انحًم فً  

كٕسٍهح نهرقهٍم يٍ يخاطز انًزض انرً قذ ذصٍة انرُثؤ تًزض ذسًى انحًم انًثكز ٔإيكاٍَح اسرخذايّ 

 .األو ٔ انجٍٍُ

 


