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Background: Pregnancy induced hypertension results from defective trophoblast invasion and 

increased umbilical artery resistance which in turn results in decreased blood supply to the 

placenta and hence to the foetus. This arterial resistance varies in different cases of PIH thus 

causing variable effects on placenta and foetus. The objective of this study was to study the 

morpho-metric changes in placenta and alterations in birth weight with differences in umbilical 

artery resistive index in hypertensive pregnancies. Methods: Ninety pregnant women with 

pregnancy induced hypertension were selected with gestational age greater than 35weeks. Doppler 

ultrasound examinations were carried out to record umbilical artery resistive index (UARI). 2 

groups were made on the basis of median values of UARI. Plain ultrasound examination was then 

carried out to record presentation, site of placentation, grade of maturity, insertion of the cord, 

cord thickness, placental thickness, vacuolation and amniotic fluid index (AFI). After delivery, 

foetal birth weight was noted and placentae examined for placental weight, infarcts, number of 

cotyledons, umbilical cord insertion, cord thickness and placental thickness were noted. Foeto-

placental weight ratio was also calculated. Results: Significantly higher UARI was seen in the 

high-resistance group. Significantly lower values of placental thickness, AFI, birth weight, 

placental weight and placental thickness, whereas greater number of grade-III maturity, infarcts 

and marginal cord insertion were noted in the high-resistance group. Conclusion: Increased UARI 

leads to a spectrum of changes in the placenta and also decreased birth weight. Marginal cord 

insertion causes greater risk of increased UARI. 
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INTRODUCTION 

Pregnancy induced hypertension (PIH) has been 

haunting pregnancies the world over due to its greater 

risk of stillbirths and neonatal and maternal mortality.
1,2

 

Although not much data is available on the global 

prevalence of this condition, it is suggested that its 

prevalence seems to vary in different parts of the 

demographic map.
3,4

 Many hypotheses have been 

proposed on the mechanism of development of PIH. 

However, none have been completely elucidated. 

Different factors such as hypoxia, endothelial injury, 

imbalance between prostacyclins and thromboxanes, 

decreased intravascular volume, diet and genetic 

predisposition have been considered to be responsible.
5
 

Whatever the underlying cause, it seems to be the 

disease of a diseased trophoblast in which defective 

trophoblast invasion seems to lie at the centre of the 

spectrum of changes occurring in this condition.
6
 

Studies have shown that impaired blood 

supply to the placenta causes it to release certain factors 

into the maternal circulation which lead to altered 

metabolic pathways, eventually resulting in an increased 

maternal blood pressure.
7
 It has also been proven that 

hypoxia results in the increase of soluble fms-like 

tyrosine kinase (sFlt-1) which is an antagonist of 

vascular endothelial growth factor (VEGF) and 

placental growth factor (PlGF), the latter being a 

vasodilator.
8
 As these factors responsible for 

angiogenesis are antagonized, normal invasion of 

maternal uterine vessels by the trophoblast cannot take 

place resulting in a decreased foeto-placental 

circulation. Relationship between the rising levels of 

soluble endoglin and ratios of sFlt1: PlGF, and the onset 

of preeclampsia has also been demonstrated.
9
 Raised 

maternal serum uric acid and decreased prostacyclin 

levels have also been found to be related to hypertensive 

pregnancies. In fact, studies have shown that uric acid is 

as important as proteinuria in identifying foetal risk in 

PIH.
10

 Differences have been seen between placental 

morphology of normal and hypertensive 

pregnancies.
11,12

 

Macroscopically, the invasion of maternal 

spiral arteries by the trophoblast occurs in two stages 

known as the first phase and second phase trophoblast 

invasions. The first phase trophoblast invasion occurs at 

about the 12
th
 week of gestation and involves invasion 

of the tunica intima and media of maternal endometrial 

arteries. In the second phase invasion which occurs 

around the 18
th
 week of gestation invasion of the 

endothelium and tunica media of the arteries in the 

myometrium takes place. As the trophoblast invades the 

media of these vessels, the smooth muscle layer 
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encircling them is disrupted, thus resulting in loss of 

vasoconstrictive ability of these vessels. These two 

processes collectively render a low resistant high flow 

system which maintains a constant blood supply to the 

developing foetus.
13,14

 

We know that the arteries mentioned above are 

medium sized muscular arteries. Researchers have 

shown that as the tunica media of these arteries is 

invaded, apoptosis of the smooth muscles in the walls of 

these arteries occurs. These results in loss of 

vasoconstrictive ability of these arteries hence, 

maintaining a constant and continuous blood flow 

throughout the cardiac cycle.
15

 Inability of the 

trophoblast to invade maternal vessels in either of the 

two phase’s leads to persistence of vasoconstrictive 

ability of the vessels, thus leading to decreased foeto-

placental blood flow and to compensate this, maternal 

blood pressure rises. 

Doppler Ultrasound is a good tool to pick up 

alterations in foeto-placental circulation.
16

 Research has 

proven umbilical artery Doppler waveforms as an 

important predictor of pregnancy outcome.
17,18

 Foetal 

middle cerebral artery and foetal aortic Doppler indices 

have also been used as predictors of foetal well-being.
19

 

Whatever the mechanism, the altered blood flow leads 

to a large spectrum of changes in the utero-placental 

circulation which eventually leads to structural changes 

in the placenta and foetus. 

Objective of study is to study the 

morphological changes in placenta and differences in 

birth weight with variation in umbilical artery resistive 

index in hypertensive pregnancies. 

MATERIAL AND METHODS 

This was a cross-sectional study. After taking written 

consent from the patients for participation in the 

study, 99 patients were selected out of which 9 

patients were lost to follow-up. 

Pregnancy induced hypertension was 

defined as a reading of 140/90 mmHg or above or an 

increase of 30/15 mmHg or more above the baseline 

reading on two separate occasions, at least 2 weeks 

apart. Diagnosed cases of gestational hypertension 

who were normotensive up to the 20
th
 week of 

gestation with para 1 to 3 were included in the study. 

Women with accurate gestational age (with known 

LNMP and also confirmed by 1
st
 trimester 

ultrasound) were only included. These women were 

registered at Ziauddin Hospital (North Nazimabad 

and Nazimabad Campus) and Habib Medical Centre 

before 18
th

week of gestation. Patients with essential 

Hypertension previous Caesarean Section or any 

uterine surgery, placenta previa, fibroids, abnormal 

uterine anatomy, abnormal vaginal discharge or 

bleeding, autoimmune disorders, vascular disorders, 

gestational diabetes, diabetes mellitus, congenital 

anomalies in foetus, history of preterm delivery and 

history of Nicotine use, alcoholism or any other street 

drug use were excluded from the study. 

Doppler ultrasound examinations were 

carried out by the same operator in which the 

Umbilical Artery Resistive Index (UARI) was noted 

down from the foetal end of the artery. Three 

readings were taken and mean values were recorded. 

On basis of median values of UARI (0.70), the 

subjects were divided into two groups: 

1. Low Resistance Flow Group (LRG) which had 

47 subjects and UARI ≤0.70  

2. High Resistance Flow Group (HRG) which had 

43≤ subjects and UARI >0.70 

After this the placenta and foetus were 

examined by ultrasound for site of placentation, 

grade of maturity, cord insertion, cord thickness, 

placental thickness, amniotic fluid index, foetal 

movements and foetal heart rate. After delivery, 

foetal birth weight was noted and placenta was 

collected and examined for placental weight, number 

of infarcts, number of cotyledons, cord thickness and 

central placental thickness were noted. Foeto-

placental weight ratio was also calculated. 

The study was approved by the Ethical Review 

Committee and Board of Advanced Studies and 

Research of Ziauddin University, Karachi. 

Data analysis was done on SPSS-17. Test of 

proportion was used for comparison of categorical 

variables and student’s t-test was used for 

comparison of quantitative data. A p-value ≤0.05 was 

considered statistically significant. 

RESULTS 

Umbilical artery Doppler ultrasound showed 

significantly higher resistive index in the high 

resistance group (Table-1). The two groups were 

equally matched in age, gestational age at scan, 

parity, weight, systolic blood pressure, diastolic 

blood pressure and pulse (Table-2). 

On ultrasound, significantly lower values 

were noted in placental thickness and amniotic fluid 

index in the HRG. No statistically significant 

difference was found in cord thickness and foetal 

heart rate between the two groups. (Table-3)Also on 

ultrasound, greater number of grade III maturity and 

marginal cord insertions were the HRG. No 

significant differences were found in foetal 

movements and site of placentation between the two 

groups (Table-4). On gross examination, it was seen 

that birth weight, placental weight and placental 

thickness were significantly lower in the HRG with 

significantly greater number of infarcts in this group. 

No significant difference could be found in the foeto-

placental weight ratio, number of cotyledons of 
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placenta and cord thickness between the two groups 

(Table-5). 

Table-1: Umbilical Artery Resistive Index (on 

Doppler Ultrasound) 

 
LRG  

Mean±SD 

HRG 

 Mean±SD 
p 

Resistive Index 0.6326±0.04551 0.7444±0.02281 0.001* 

Table-2: General Characteristics 

 
LRG  

(Mean±SD) 

HRG  

(Mean±SD) 
p 

Age (Years) 24±3.57 23.23±3.31 0.295 

Gestational age at scan (Weeks) 36.6383±1.03 36.46±1.10 0.442 

Parity 0.7234±0.99 0.60±0.88 0.551 

Weight (kg) 65.234±5.47 65.44±5.10 0.852 

Systolic Blood Pressure 141.28±3.37 142.33±4.27 0.198 

Diastolic Blood Pressure 75.32±12.31 77.21±7.01 0.379 

Pulse 85.70±8.49 88.65±11.31 0.163 

Table-3: Ultrasound Findings  

  
LRG  

(Mean±SD) 

HRG  

(Mean±SD) 
p 

Cord Thickness (cm) 1.1489±0.12136 1.1419±0.13135 0.791 

Placental Thickness (cm) 3.3872±0.27475 3.2±0.25820 0.001* 

AFI 14.436±1.98192 13.244±2.38091 0.011* 

Foetal Heart Rate 141.15±5.66829 141.26±6.01622 0.931 

Table-4: Ultrasound Findings (Qualitative Variables) 
  LRF HRF p 

Site of placentation Anterior (n) 37 32 
0.877 Fundo-posterior (n) 4 4 

Posterior (n) 6 7 
Placental Maturity Grade II (n) 32 16 

0.006* 
Grade III (n) 15 27 

Insertion of cord Central (n) 42 29 
0.019* 

Marginal (n) 5 14 
Foetal movements Normal (n) 47 41 

0.135 Sluggish (n) 0 2 
Absent (n) 0 0 

Table-5: Gross Findings (After Delivery) 

  
LRF 

(Mean±SD) 

HRF 

(Mean±SD) 
p 

Birth Weight (gm) 2825.53±192.77 2723.26±193.76 0.014* 

Placental Weight (gm) 413.34±29.97 390.42±39.35 0.002* 

Foeto-placental Weight 

Ratio 6.87±0.65 7.05±0.97 0.295 

Number of Infarcts 8.72±1.77 9.65±1.59 0.011* 

Number of Cotyledons 16.06±0.70 16.26±0.62 0.175 

Cord thickness (cm) 1.1936±0.14 1.14±0.13 0.085 

Placental Thickness (cm) 3.45±0.43 3.21±0.22 0.001* 

DISCUSSION 

It can be seen that with increasing resistance, the 

placentae tend to get significantly thinner and 

amniotic fluid gets scanty. These are directly 

attributed to the diminishing blood flow to the 

placenta with increasing resistance. Studies done in 

the past have shown an association of these 

parameters with increasing severity of hypertension
20 

 but none to our knowledge have associated it with 

UARI. 

It is also noted that placental maturity is 

achieved at an earlier stage with increasing 

resistance. As in other tissues, cell death and 

degeneration also occurs normally in placenta. These 

minute degenerated areas tend to calcify and when 

this occurs the placenta is said to have attained 

Grade-III maturity.
21

 The early placental maturity 

seen in the HRG indicates that due to decreased 

blood supply, the placental cells tend to die quicker 

which in turn leads to increased rate of calcification. 

Greater number of marginal insertion of 

umbilical cord indicates that asymmetrical insertion 

of the cord also increases risk of increased resistance 

in umbilical artery flow. Marginal cord insertion has 

been attributed in the past to an abnormal umbilical 

artery systolic-diastolic ratio, but in the same study, 

no relation could be found with UARI.
22

 

On gross examination, the birth weight was 

found to be significantly lower in the group with 

higher resistive index. The weight of placentae in this 

group was also significantly lower. These two 

findings when seen collectively indicate that as the 

resistance increases, the blood flow to the placentae 

and hence to the foetus decreases. This leads to 

decreased tissue blood supply, thus leading to 

decreased tissue nutrition and decreased weight of 

these structures. These findings are similar to 

findings in studies carried out before.
23,24

 No 

significant difference however, was seen in the foeto-

placental ratio between the two groups indicating a 

proportional effect of blood flow on both, the foetus 

and placenta. 

Another observation on gross examination 

was the significantly increased number of infarcts in 

the HRG. This indicates unequal blood flow to 

different parts of the placenta. Gross examination 

also confirmed the ultrasound findings of decreased 

placental thickness in the HRG. 

CONCLUSION 

The study shows umbilical artery resistive index does 

affect the morphology as well as morphometry of 

both, the placenta and foetus. The current study 

suggests that increasing resistance in umbilical 

arteries leads to: 

 Decreased placental thickness and placental weight 

 Earlier placental maturity 

 Greater number of placental infarcts 

 Decreased amniotic fluid production  

 Lower birth weight 

The study also suggests that marginal cord 

insertion leads to a greater incidence of increased 

umbilical artery resistance. 
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