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Abstract 
 
Objective: This study aimed to examine the hemodynamic changes in the umbilical artery among third‐

trimester pregnant women with oligohydramnios, gestational hypertension, and both conditions. 
Materials and Methods: A case‐control study was conducted over nine months, enrolling 88 women 

in their third trimester. Participants were categorized into four groups: (1) normal, (2) oligohydramnios, 
(3) gestational hypertension, and (4) oligohydramnios with gestational hypertension. Doppler ultrasound 
was used to assess umbilical artery resistive index (UA RI), pulsatility index (UA PI), and systolic/diastolic 
ratio (SD ratio). Data were analyzed using independent sample t‐tests, with p‐values ≤ 0.05 considered 
statistically significant. 

Results: Women with gestational hypertension had significantly higher UA RI (0.63 vs. 0.58, p = 0.013), 
UA PI (0.88 vs. 0.80, p < 0.001), and SD ratio (2.91 vs. 2.28, p < 0.001) compared to women without hy‐
pertension. Women with oligohydramnios had lower UA RI (0.57 vs. 0.62, p = 0.025) but higher UA PI 
(0.77 vs. 0.86, p < 0.001) and SD ratio (2.34 vs. 2.68, p < 0.001) compared to women without. Among 
women with both conditions, UA PI (0.89 vs. 0.82, p = 0.002) and SD ratio (2.93 vs. 2.47, p < 0.001) were 
significantly elevated. 

Conclusion: Gestational hypertension is associated with increased UA RI, UA PI, and SD ratio, indicating 
higher vascular resistance. Oligohydramnios is characterized by lower UA RI but higher UA PI and SD ratio. 
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Introduction  
 
In the developed world, hypertensive disorders 

during pregnancy are the second‐most common 
cause of direct maternal death [1]. The majority of 
medical pregnancy complications, including gesta‐
tional hypertension, affect 5‐ 10% of pregnancies [2]. 
Black women, women over 45, and women with di‐
abetes have the highest rates [3]. The published rates 
may understate current incidence given the rising 
prevalence of baseline diabetes, obesity, and hyper‐
tension in women of reproductive age as well as the 
trend towards older maternal age. Pregnancy‐related 
hypertension is linked to an increased risk of in‐
trauterine death, placental abruption, intrauterine 
growth restriction, preterm, and intracerebral hem‐
orrhage. Pregnancy hypertension incidence was sig‐
nificantly lower in Pakistan (9.3%) than India 
(10.4%), Mozambique (11.0%), or Nigeria (10.1%). 
Most hypertension was diastolic only (46.5% India, 
72.6% Pakistan, 61.1% Mozambique, and 63.2% 
Nigeria) [4]. 

Systolic blood pressure (BP) of 140 mmHg or 
higher and/or diastolic BP of 90 mmHg or higher on 
at least two occasions more than 6 hours apart when 
resting are diagnostic markers for hypertensive dis‐
orders of pregnancy [5]. Severe hypertension is often 
defined as a systolic blood pressure reading of 160 
mmHg or higher and/or a diastolic blood pressure 
reading of 110 mmHg or higher taken on two sepa‐
rate occasions [6]. Yet, the likelihood of life‐threat‐
ening eclamptic events is not correlated with the 
severity of hypertension [7]. 

Reduced amniotic fluid volume (AFV) for gesta‐
tional age is referred to as oligohydramnios. At 34 to 
36 weeks of gestation, the amniotic fluid volume 
(AFV) increases linearly until it reaches a plateau 
(about 400 mL), where it then stays constant until 
term [8]. Around 40 weeks of gestation, the AFV 
starts to gradually decline, which results in post‐

term gestations with less volume. This pattern en‐
ables ultrasonography analysis and fundal height 
measures to be used for clinical assessment of AFV 
throughout pregnancy [9]. 

Pregnancy problems and difficulties that are 
linked to oligohydramnios fall into the following cat‐
egories: maternal, fetal, placental, and idiopathic. 
Any medical or obstetric disease that causes utero 
placental insufficiency (8% of all pregnancies) has 
an association with oligohydramnios [10]. Chronic 
hypertension, vascular disease, thrombophilia, and 
preeclampsia are a few potential causes. It also has 
a connection to several medications and maternal di‐
abetes [10]. 

Using ultrasound Doppler, foetal hemodynamics 
can be measured non‐invasively. Doppler studies of 
the umbilical arteries (UA) provide information on 
the fetoplacental circulation's perfusion as well as 
the specific foetal organs that are useful in identify‐
ing hemodynamic abnormalities brought on by foetal 
hypoxia and anemia [11]. It has been discovered that 
oligohydramnios and gestational hypertension are 
both connected to IUGR and changed Doppler in‐
dices. Knowing exactly how one of these two risk fac‐
tors interacts with the other when present either 
separately or concurrently to complicate feto‐mater‐
nal outcomes is crucial. 

 
Materials and methods 
 
A case control study was conducted at Radiology 

Department of Indus Hospital, Lahore. The sample 
size was calculated at 95% level of confidence and 
5% margin of error. The anticipated mean of resistive 
index of umbilical artery in four groups Normal, 
Oligohydramnios, hypertensive and Oligohydram‐
nios with hypertensive were 0.64, 0.66, 0.68 and 0.75 
[31] respectively. 

88 pregnant women aged 18‐35 years were en‐
rolled in current study and further divided in 4 
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groups each consists of 22 women. Group I: oligo‐
hydramnios, Oligohydramnios is defined as de‐
creased amniotic fluid volume (AFV) relative to 
gestational age. Transabdominal ultrasound evalu‐
ation of AFV includes the use of either the maximum 
vertical pocket (MVP). The normal range for MVP 
was 2‐8 cm: a pocket <2cm was considered oligohy‐
dramnios [32]. Group II: gestational hypertension, 
Gestational Hypertension also referred to as Preg‐
nancy‐Induced Hypertension (PIH) is a condition 
characterized by high blood pressure during preg‐
nancy. Women with Systolic and Diastolic blood pres‐
sure of 140/80 were taken as hypertensive [33]. 
Group III: oligohydramnios with gestational hyper‐
tension, Group IV: Normal. All women with gesta‐
tional diabetes mellitus, prolapsed cord, IUGR, 
membrane rupture/ amniotic leakage and vaginal 
bleeding were excluded from study. Study was con‐
ducted after the approval from Research ethical com‐
mittee, the University of Lahore REC‐UOL‐/189‐07 
/2022. Transabdominal Doppler examination was 
carried out with the patient in the supine position in 

both normal and hypertensive mothers in quiet res‐
piration using 3‐5 MHz curvilinear probe. Initially the 
umbilical blood vessels were recognized and the var‐
ious indices recorded. Sampling site for the umbilical 
artery was mid cord level. Data was analyzed by sta‐
tistical software for social sciences (SPSS version 
25.0). Independent sample t‐test was applied. P‐value 
less or equal 0.05 was considered significant.  

 
Results 
 
The mean age was 26.5 ± 3.1 years. The mean ges‐

tational age was 36.6 ± 1.7 weeks. The mean amni‐
otic fluid index was 8.3 ± 4.4 cm. For blood pressure, 
the average systolic reading is 124.5 ± 5.9 mmHg, 
and the average diastolic reading is 85.1 ± 5.0 mmHg. 
In terms of parity, 37 women have had no previous 
births, 23 have had one previous birth, 16 have had 
two, 7 have had three, 3 have had four, and 1 woman 
each has had five and six previous births, respec‐
tively. 44 women (50%) have gestational hyperten‐
sion, while the other 44 (50%) do not. Concerning 
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Figure 1. Comparison of umbilical artery Doppler between normal, hypertensive, oligohydramnios, gestational hypertension, and 
oligohydramnios with gestational hypertension.



gestational hypertension, 20 women (22.7%) are af‐
fected, whereas 68 women (77.3%) are not. For 
oligohydramnios, 23 women (26.1%) have this con‐
dition, and 65 women (73.9%) do not. Finally, 24 
women (27.3%) have both oligohydramnios and ges‐
tational hypertension, while 64 women (72.7%) do 
not have both conditions (Table 1). 

Women with gestational hypertension have 
higher UA RI (0.63 vs. 0.58, p = 0.013. The UA PI (Um‐
bilical Artery Pulsatility Index) for hypertensive 
women was 0.88 ± 0.09, while it is 0.80 ± 0.08 for 
non‐hypertensive women, showing a highly signifi‐
cant p‐value of 0.000. The SD ratio (Systolic/Dias‐
tolic) is 2.91 ± 0.20 for hypertensive women and 2.28 
± 0.20 for non‐hypertensive women, with a p‐value 
of 0.000. Regarding oligohydramnios, women with 
this condition have a UA RI of 0.57 ± 0.10, whereas 
those without have a UA RI of 0.62 ± 0.08, with a p‐
value of 0.025. The UA PI is 0.77 ± 0.09 for women 

with oligohydramnios and 0.86 ± 0.09 for those with‐
out, with a p‐value of 0.000. The SD ratio is 2.34 ± 
0.26 for those with oligohydramnios, compared to 
2.68 ± 0.37 for those without, with a p‐value of 0.000. 
For women with gestational hypertension, the UA RI 
is 0.64 ± 0.07, while it is 0.60 ± 0.09 for those with‐
out, with a p‐value of 0.051. The UA PI for women 
with gestational hypertension is 0.87 ± 0.07, com‐
pared to 0.83 ± 0.10 for those without, with a non‐
significant p‐value of 0.157. The SD ratio is 
significantly higher in women with gestational hy‐
pertension (2.83 ± 0.26) compared to those without 
(2.52 ± 0.37), with a p‐value of 0.001. For the combi‐
nation of oligohydramnios with gestational hyper‐
tension, the UA RI is 0.62 ± 0.11 for affected women 
and 0.60 ± 0.82 for those without, with a non‐signif‐
icant p‐value of 0.354. The UA PI is 0.89 ± 0.10 for 
women with both conditions, compared to 0.82 ± 
0.08 for those without, with a p‐value of 0.002. The 
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Table 1. Descriptive Statistics. 
Variables                                                                                                                                                                            Frequencies (%) 
Maternal Age (years)                                                                                                                                                              26.5 ± 3.1 
Gestational Age (weeks)                                                                                                                                                        36.6 ± 1.7 
Amniotic Fluid Index (cm)                                                                                                                                                      8.3 ± 4.4 
Systolic BP (mmHg)                                                                                                                                                               124.5 ± 5.9 
Diastolic BP (mmHg)                                                                                                                                                              85.1 ± 5.0 
Parity                                                                                                         0                                                                                        37 
                                                                                                                    1                                                                                        23 
                                                                                                                    2                                                                                        16 
                                                                                                                    3                                                                                         7 
                                                                                                                    4                                                                                         3 
                                                                                                                    5                                                                                         1 
                                                                                                                    6                                                                                         1 
Normal (88)                                                                                           Yes                                                                               22 (25%) 
                                                                                                                   No                                                                                66 (75%) 
Hypertensive (88)                                                                               Yes                                                                               44 (50%) 
                                                                                                                   No                                                                                44 (50%) 
Gestational Hypertension (88)                                                        Yes                                                                              20 (22.7%) 
                                                                                                                   No                                                                              68 (77.3%) 
Oligohydramnios (88)                                                                        Yes                                                                              23 (26.1%) 
                                                                                                                   No                                                                              65 (73.9%) 
Oligohydramnios with gestational hypertension (88)             Yes                                                                              24 (27.3%) 
                                                                                                                   No                                                                              64 (72.7%)



SD ratio is significantly higher at 2.93 ± 0.22 for those 
with both conditions, compared to 2.47 ± 0.34 for 
those without, with a p‐value of 0.000 (Table 2). 

 
Discussion 
 
Many factors, including fetal urine volume, amni‐

otic fluid perfusion, and maternal hydration, affect 
the amount of amniotic fluid [13]. The purpose of 
this study was to examine the hemodynamic changes 
in the umbilical artery in third‐trimester pregnant 
women with oligohydramnios, gestational hyperten‐
sion, and those who had both conditions. Oligohy‐
dramnios was found to be a very reliable predictor 
for these problems by Manning et al when they ex‐
amined a sizable, pre‐screened population of indi‐
viduals [14]. The UA has evolved into the first and 
most extensively researched foetal artery since the 
use of ultrasonography Doppler in obstetrics. Ac‐
cording to Tannirandorn and Phaosavasdi's research, 
pregnancy complications including oligohydramnios 
and foetal hypoxia are frequently associated with the 
lack of diastolic flow [15,16]. 

In our study, the mean + SD maternal age was 26.5 
+ 3.1 years. In a study conducted by Jabeen et al. [17], 
the average age of the pregnant women was 33.67 
years. Ayyuba et al. [18], also conducted a study on 
women age 31.33 ± 5.92 years. Maternal age in Ra‐
sool et al. [19], study was similar to our study as the 
mean age was 26.7 ± 4.1 years, the mean age of Akin 
et al [20] study population was also 25±4. The mean 

+ SD gestational age in our study was 36.6 + 1.7 
weeks, in study conducted by Jabeen et al [17] the 
average gestational period was 33.57 weeks. In Udo 
et al [21] study the gestation age was 26 and 40 
weeks. In Rasool et al’s [19] study the gestational age 
was 32.1 ± 2.3 weeks, and in Akin et al [20] the aver‐
age gestational age was 37.4±1 weeks. 

In our study mean + SD umbilical artery Pulsatility 
index (PI) was 0.8 + 0.1, Resistive index (RI) was 0.6 
+ 0.09 and mean systolic to diastolic (S/D) ratio was 
2.5 + 0.3 in all 88 participants. In Jabeen’s et al [17] 
study the mean± systolic to diastolic (S/D) ratio for 
the umbilical artery was 3.01 ± 0.79 SD. The mean ± 
SD pulsatility index (PI), of the umbilical artery, was 
1.11 ± 0.64. The mean ± SD resistive index (RI) of the 
umbilical artery was 0.66± 0.13 SD.  

In our study, the mean umbilical artery resistive 
index in normal women and women with oligohy‐
dramnios was 0.6. However, in women with gesta‐
tional hypertension and in women with both 
gestational hypertension and oligohydramnios mean 
RI of umbilical artery was 0.7. In Rasool et al [19] 
study the mean ± SD resistivity Index in normoten‐
sive women was 0.6 ± 0.1 and in hypertensive 
women, RI was 0.7 ± 0.01. In Awan et al [22] study 
the umbilical artery RI for hypertensive women was 
0.68 and in normotensive mean RI was 0.64. In 
Hashemi et al [23] study the mean umbilical artery 
RI was 0.77 in study group and 0.64 for control 
group. Esawi et al [24] stated in his study that resis‐
tive index of umbilical artery in pregnancy induced 
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Table 2. Comparison of umbilical artery Doppler between normal, hypertensive, oligohydramnios, 
     gestational hypertension, and oligohydramnios with gestational hypertension. 

Group                                    UA RI (Mean ± SD)          p‑value       UA PI (Mean ± SD)         p‑value     SD Ratio (Mean ± SD)   p‑value 
Normal                                           0.60 ± 0.04                    0.947                 0.83 ± 0.04                   0.584                   2.29 ± 0.21               <0.001 
Hypertensive                               0.63 ± 0.09                    0.013                 0.88 ± 0.09                  <0.001                 2.91 ± 0.20               <0.001 
Oligohydramnios                        0.57 ± 0.10                    0.025                 0.77 ± 0.09                  <0.001                 2.34 ± 0.26               <0.001 
Gestational Hypertension        0.64 ± 0.07                    0.051                 0.87 ± 0.07                   0.157                   2.83 ± 0.26                 0.001 
Oligohydramnios + HTN           0.62 ± 0.11                    0.354                 0.89 ± 0.10                   0.002                   2.93 ± 0.22               <0.001 
Note: UA RI = Umbilical Artery Resistive Index, UA PI = Umbilical Artery Pulsatility Index,                                                           

        SD Ratio = Systolic/Diastolic Ratio, HTN = Hypertension



hypertension group is higher 0.63±0.11 than control 
group 0.62±0.06. Udo et al [21] research also indi‐
cated high RI in hypertensive group as compared to 
normal. 

The mean umbilical artery pulsatility index in nor‐
mal women and in women with oligohydramnios 
was 0.8. In women with gestational hypertension 
and in women with both gestational hypertension 
and oligohydramnios mean PI of umbilical artery 
was 0.9. The mean PI of umbilical artery in hyperten‐
sive group of Rasool et al [19] was 1.3 ± 0.4 and in 
normotensive group 1.0 ± 0.3. In Awan et al [22] 
study, Mean and standard deviations for the pulsatil‐
ity index were 1.4 + 0.3 and 1.2 + 0.2 in hypertensive 
and normotensive. In Hashemi et al [23] study the 
calculated mean values of umbilical artery PI was 
1.39 in hypertensive and 1.08 in normal controls. In 
study conducted by Esawi et al [24] the mean ±SD of 
PI of the umbilical artery was 0.97± 0.33 the PIH 
group and 0.91 ± 0.17 in control group. In study con‐
ducted by Udo et al [21] the mean Umbilical artery 
PI was 0.9 ± 0.2 and 0.8 ± 0.2 for the hypertensive 
and normal pregnancies respectively.  

The mean umbilical artery S/D ratio in normal 
women and oligohydramnios was 2.3. In addition, in 
women with gestational hypertension and with both 
gestational hypertension and oligohydramnios mean 
S/D ratio of umbilical artery was 2.9. Rasool et al [19] 
hypertensive women as compared to normotensive 
women the mean systolic/diastolic flow was 3.8 ± 
0.9 and 2.6 ± 0.5 respectively. In Awan et al [22] study 
the mean and standard deviations for the S/D ratio 
was 5.0 + 1.3 and 3.4 + 0.5 in hypertensive and nor‐
motensives respectively. Hashemi et al [23] the cal‐
culated mean values of spectral Doppler indices in 
the case group was 4.88 for S/D ratio while in the 
control group was calculated as 2.9. Esawi et al [24] 
conducted a study the mean ±SD of S/D of the um‐
bilical artery was 2.9±1.38 in the PIH group and 2.72 
± 0.41 in control group. Udo et al [21] study revealed 

similar results with a higher mean S/D ratio in hy‐
pertensive and normal range in normotensive.  

Our findings, which are consistent with a research 
by Rehab et al., [25] show that the Doppler indices 
of both umbilical arteries in the control group de‐
cline with increasing gestational age and Khalid, et 
al., [26] found all Doppler indices exhibited a steady 
drop with increasing gestational age at normal preg‐
nancy. In our study, normotensive mothers umbilical 
artery Doppler indices are in the normal range, but 
those of gestational hypertension mothers are 
higher. In a study conducted by Rehab et al [25], the 
mean of the umbilical artery's PI and RI were 
markedly greater in the high‐risk group than in the 
control group. Our findings are almost identical to 
those of the research by Bansal et al. [27] reported 
that the umbilical artery's PI, RI, and S/D were con‐
siderably higher in the study group than in the con‐
trol group. 

Interestingly, women with oligohydramnios 
demonstrated lower UA RI but higher UA PI and SD 
ratios compared to women without oligohydram‐
nios. This finding is noteworthy because it suggests 
that reduced amniotic fluid volume may affect pla‐
cental perfusion and fetal oxygenation, which are 
critical to fetal well‐being. Lower UA RI typically re‐
flects less resistance to blood flow, which is usually 
a positive sign, but in the context of oligohydramnios, 
it may also signal abnormal placental hemodynam‐
ics, leading to increased PI and SD ratios. The higher 
PI and SD ratios observed in these women suggest 
compromised blood flow and may indicate the pres‐
ence of fetal distress or growth restrictions due to 
the altered perfusion [34]. 

The findings of this study are consistent with pre‐
vious studies that reported a significant difference in 
fetal growth parameters among different groups of 
pregnant women, including those with gestational 
hypertension, preeclampsia, and fetal growth restric‐
tion [28, 29]. Furthermore, a previous study reported 
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that the estimated fetal weight was lower in women 
with oligohydramnios and hypertensive disorders 
compared to women with normal amniotic fluid and 
normotensive women [30]. 

While these findings are consistent with prior re‐
search, it is important to interpret them in light of 
certain limitations. The study was conducted at a sin‐
gle center, which may limit the generalizability of the 
results. Furthermore, other factors such as maternal 
comorbidities, medication use, and lifestyle factors 
were not comprehensively controlled, which could 
have influenced the outcomes. 

The clinical significance of these findings lies in the 
ability to use umbilical artery Doppler indices as pre‐
dictive markers for adverse pregnancy outcomes in 
high‐risk pregnancies. Monitoring these indices can 
help in early detection of fetal growth restriction and 
hypoxia, which may prompt timely interventions. 

For future research, it would be beneficial to ex‐
plore the underlying mechanisms that cause the dis‐
tinct changes in the Doppler indices observed in 
women with oligohydramnios and gestational hy‐
pertension. Additionally, studies involving larger, 
multi‐center cohorts would help validate these find‐
ings and determine the optimal cut‐off values for 
Doppler indices in predicting fetal distress. 

 
Conclusion 
 
In conclusion, women with gestational hyperten‐

sion tend to have higher readings in UA RI, UA PI, and 
SD ratio, indicating increased resistance and altered 
blood flow in their arteries. Similarly, women with 
oligohydramnios have lower UA RI but higher UA PI 
and SD ratios compared to those without this condi‐
tion, suggesting potential issues with blood flow. 
These patterns are even more pronounced when 
both oligohydramnios and gestational hypertension 
are present, highlighting the increased risk and the 
need for careful monitoring. These results emphasize 

the importance of checking blood flow and resist‐
ance in managing high‐risk pregnancies to ensure 
better health for both the mother and the baby. Mon‐
itoring of these fetal growth parameters can be use‐
ful in the clinical management of high‐risk 
pregnancies and may help in the timely detection of 
fetal growth restriction and hypoxia. 
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