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ABSTRACT

Background: Oligohydramnios, defined by reduced amniotic fluid volume, is a significant indicator of placental insufficiency
and fetal compromise. Amniotic fluid plays a critical role in cushioning the fetus, supporting pulmonary development, and
facilitating fetal movements. Doppler ultrasound of key fetal vessels, such as the umbilical artery (UA) and middle cerebral
artery (MCA), provides valuable insights into fetal hemodynamics in compromised pregnancies. Evaluating these indices can
help clinicians identify fetuses at risk and guide timely intervention.

Objective: To compare the Doppler indices of the umbilical artery and middle cerebral artery between pregnant women
diagnosed with oligohydramnios and those with normal amniotic fluid levels.

Methods: This cross-sectional observational study was conducted at Jinnah Hospital Lahore and included 73 pregnant women
between 18 and 40 years of age. Participants were divided into two groups: oligohydramnios (n=29) and normal amniotic fluid
(n=44). Amniotic fluid levels were assessed using the amniotic fluid index (AFI) and single deepest pocket (SDP) methods.
Doppler ultrasonography was used to measure peak systolic velocity (PSV), end-diastolic velocity (EDV), pulsatility index
(PD), resistance index (RI), and systolic/diastolic (S/D) ratios for both UA and MCA. Statistical analyses were performed using
SPSS version 24, with a significance level set at p<0.05.

Results: The mean umbilical artery PSV was significantly lower in the oligohydramnios group (34.53 £ 17.60 cm/s) compared
to the normal fluid group (52.85 = 16.39 cm/s). Similarly, the MCA PSV was 36.54 + 15.05 cm/s in oligohydramnios and 57.66
+ 19.71 cm/s in the normal group. MCA EDV was 10.62 + 6.44 cm/s in oligohydramnios versus 21.39 £ 11.65 cm/s in controls.
Although MCA PI was higher in oligohydramnios (1.40 &+ 0.21) compared to normal (1.22 + 0.35), this was not statistically
significant (p=0.2668). No significant differences were observed in most RI and PI values.

Conclusion: Oligohydramnios is associated with marked reductions in fetal blood flow velocities, especially in the umbilical
and middle cerebral arteries, reflecting compromised fetal circulation. Doppler evaluation of these vessels offers a reliable, non-
invasive method to monitor fetal well-being and anticipate adverse outcomes in high-risk pregnancies.

Keywords: Amniotic Fluid Index, Middle Cerebral Artery, Oligohydramnios, Pulsatility Index, Resistive Index, Umbilical
Artery, Ultrasonography Doppler.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 729


mailto:ssehrishh491@gmail.com

4+,

INSIGHTS-JOURNAL OF
INSIGHTS-JHR

HEALTH AND REHABILITATION INSIGHTS-JOURNAL OF HEALTH

AND REHABILITATION ® = &

INTRODUCTION

Oligohydramnios, a condition marked by decreased amniotic fluid volume, remains a significant clinical concern in obstetric care due
to its association with various maternal and fetal complications. Amniotic fluid plays a vital role in fetal development by cushioning the
fetus, allowing for unrestricted movement, aiding in lung maturation, and maintaining thermal stability within the uterine environment.
Its volume is most commonly assessed using either the Amniotic Fluid Index (AFI), where values between 8 to 24 cm are considered
normal, or the Single Deepest Pocket (SDP) method, which considers values between 2 to 8 cm as normal. A diagnosis of
oligohydramnios is made when the AFI falls below 5 cm or the SDP measures less than 2 ¢cm (1,2). The primary source of amniotic fluid
in the second and third trimesters is fetal urine, which reflects adequate placental perfusion. Any compromise in placental blood flow
may reduce fetal renal perfusion and urine output, resulting in reduced amniotic fluid volume (3). Among the critical vascular structures
influencing fetal well-being, the umbilical artery and middle cerebral artery (MCA) play central roles. The umbilical artery, arising from
the fetal internal iliac arteries, serves to carry deoxygenated blood and waste products from the fetus to the placenta. Its function is
frequently assessed via Doppler ultrasound to detect abnormalities such as increased resistance or absent end-diastolic flow, which may
be early indicators of placental insufficiency and fetal distress (4,5). Conversely, the MCA is responsible for perfusing the fetal brain
and is closely monitored in high-risk pregnancies. Changes in its Doppler indices, especially a reduced pulsatility index (PI), are
reflective of fetal adaptive mechanisms such as brain-sparing, a response to chronic hypoxia where blood is preferentially shunted to
vital organs like the brain (6).

Multiple maternal-fetal conditions including intrauterine growth restriction (IUGR), preeclampsia, maternal diabetes, hypertensive
disorders, and multiple gestations have been linked with the development of oligohydramnios and altered Doppler indices in the
umbilical artery and MCA (5). These pathological changes typically manifest as elevated resistance in the umbilical artery and reduced
PI in the MCA, reflecting the hemodynamic adaptation of the fetus to a compromised intrauterine environment (6,7). Such Doppler
alterations serve as non-invasive markers of fetal hypoxia and correlate with adverse outcomes including IUGR, preterm birth, and
increased perinatal morbidity (7). Ultrasonographic Doppler assessment of fetal vessels, particularly the umbilical artery and MCA, has
become an indispensable tool in modern obstetrics due to its safety, accessibility, and capacity to provide dynamic, real-time insights
into fetal circulation. Unlike invasive diagnostic approaches, Doppler ultrasound offers repeated, risk-free evaluations, enabling early
detection of fetal compromise and facilitating timely clinical decision-making. Key indices such as the pulsatility index (PI), resistance
index (RI), and systolic/diastolic (S/D) ratio provide quantitative measures to monitor placental and fetal vascular resistance and predict
potential complications (8,9). Given its diagnostic precision and clinical utility, Doppler ultrasonography is widely regarded as the gold
standard for evaluating pregnancies complicated by oligohydramnios (10). The objective of this study is to assess the diagnostic
relevance of umbilical artery and middle cerebral artery Doppler indices in pregnancies complicated by oligohydramnios, and to
determine their predictive value in identifying fetal hypoxia and adverse perinatal outcomes.

METHODS

This case-control study was designed to assess the Doppler indices of the umbilical artery and middle cerebral artery among pregnant
women with oligohydramnios in comparison to those with normal amniotic fluid levels. The study was conducted at Al Riaz Hospital
over a duration of three months, following the approval of the research synopsis. Ethical approval was obtained from the Institutional
Review Board (IRB), and informed written consent was taken from all participants prior to data collection, ensuring adherence to ethical
standards in human research. A total of 73 participants were enrolled using a non-probability convenience sampling technique. The
sample size was calculated using the formula n = (Z? x P x (I — P)) / €%, where Z represents the standard normal deviate corresponding
to a 95% confidence level (1.96), P is the expected true proportion (0.74), and e is the margin of error (11). The inclusion criteria
comprised pregnant women with singleton gestations between 20 and 40 weeks, either diagnosed with oligohydramnios or
demonstrating normal amniotic fluid volume. Exclusion criteria included multiple pregnancies, severe maternal conditions such as
diabetes mellitus, current use of medications known to alter uteroplacental blood flow, and cases where Doppler visualization of the
umbilical and middle cerebral arteries was not feasible.
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Ultrasound examinations were performed using the Toshiba Aplio XG system. Amniotic fluid volume was assessed using standard
methods including the Amniotic Fluid Index (AFI) and the Single Deepest Pocket (SDP) approach. Doppler studies were conducted to
evaluate the pulsatility index (PI) and resistance index (RI) of both the umbilical artery and middle cerebral artery. All scans were
conducted by trained sonographers following standardized protocols to ensure measurement accuracy and reproducibility. Data were
entered and analyzed using IBM SPSS Statistics version 24. Descriptive statistics such as means and standard deviations were calculated
for continuous variables (e.g., maternal age, gestational age, Doppler indices). Categorical variables (e.g., presence or absence of
oligohydramnios) were summarized using frequencies and percentages. To compare categorical variables between groups, the chi-square
test was used. For continuous variables, appropriate statistical tests such as the independent #-test or the Mann—Whitney U test were
applied based on data distribution assessed through normality testing (12,13). Odds ratios with 95% confidence intervals were calculated
to estimate the strength of association between Doppler findings and oligohydramnios. Statistical significance was defined as a p-value
less than 0.05. Additionally, pie charts were used to represent the distribution of categorical variables.

RESULTS

A total of 73 pregnant women were included in the study, with maternal age ranging from 18 to 40 years (mean + SD: 29.74 + 6.22
years). The mean amniotic fluid index (AFI) among all participants was 10.39 + 7.12 cm, spanning from 2.00 to 23.40 cm. Doppler
indices showed substantial variability across both groups. The umbilical artery systolic/diastolic ratio (UmA_SD) had a mean of 3.17 +
0.76, while the resistance index (UmA_RI) and pulsatility index (UmA_PI) averaged 0.70 £ 0.13 and 1.11 = 0.41, respectively. For the
middle cerebral artery (MCA), the systolic/diastolic ratio (MCA_SD), resistance index (MCA_RI), and pulsatility index (MCA_PI)
were recorded as 3.49 £+ 0.75, 0.69 = 0.12, and 1.29 £ 0.31, respectively. Among the 29 patients diagnosed with oligohydramnios, the
mean UmA_PI was 1.21 £ 0.47 compared to 1.05 £ 0.35 in those without oligohydramnios. Similarly, the mean MCA_PI was elevated
in the oligohydramnios group (1.40 + 0.21) versus the non-oligohydramnios group (1.22 + 0.35). MCA_RI was also higher in the
oligohydramnios group (0.71 £+ 0.10) than in the control group (0.68 + 0.13). Although these values suggested elevated cerebral and
umbilical resistance in oligohydramnios, the differences were not statistically significant.

In terms of flow velocities, a more pronounced disparity was observed. The mean peak systolic velocity (PSV) in the umbilical artery
was significantly lower in the oligohydramnios group (34.53 £ 17.61 cm/s) compared to 52.85 £+ 16.39 cm/s in the control group. A
similar trend was noted for the end-diastolic velocity (EDV), which was 9.88 + 5.58 cm/s in oligohydramnios versus 17.14 £+ 7.46 cm/s
in the normal fluid group. MCA flow velocities followed the same pattern: MCA_PSV was 36.54 + 15.05 cm/s in oligohydramnios
versus 57.66 £ 19.71 cm/s in the control group, and MCA_EDV was 10.62 £ 6.44 cm/s in the oligohydramnios group versus 21.39 +
11.65 cm/s in those with normal fluid levels. These differences were statistically significant and indicated reduced fetal perfusion in
cases with low amniotic fluid. The comparison of UmA_SD values between groups revealed minimal differences, with a mean of 3.06
+ 0.78 in the oligohydramnios group and 3.24 + 0.74 in the control group, suggesting comparable systolic-diastolic ratios. Visual
distribution of data also supported these findings, with the oligohydramnios group showing a slightly narrower range and fewer outliers,
indicating more consistent but compromised vascular flow. Statistical testing using independent sample #-tests was performed to
determine the significance of differences in Doppler indices between oligohydramnios and non-oligohydramnios groups. The results
indicated that none of the mean differences in pulsatility or resistance indices reached statistical significance. Specifically, the p-value
for UmA PI was 0.7311, UmA_RI was 0.3646, and UmA_SD was 0.1756. Similarly, the MCA indices also did not yield statistically
significant differences, with p-values of 0.2668 for MCA _PI, 0.0614 for MCA_RI, and 0.7535 for MCA_SD. Although some trends
were observed—such as elevated MCA PI and UmA_PI in the oligohydramnios group—these differences did not meet the threshold
for statistical significance (p<0.05).

Table 1: Descriptive Statistics

N Range Minimum Maximum Mean Std. Deviation
AFI 73 21.40 2.00 23.40 10.3877 7.11676

Age 73 22.00 18.00 40.00 29.7397 6.22055
UmA_SD 73 2.88 2.00 4.88 3.1700 75623

UmA RI 73 .56 44 1.00 7038 13288
UmA_PI 73 2.39 Sl 2.90 1.1136 40735
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N Range Minimum Maximum Mean Std. Deviation
MCA _SD 73 3.09 1.90 4.99 3.4915 74582

MCA RI 73 .54 40 94 .6903 12016
MCA_PI 73 1.26 .54 1.80 1.2927 31457

Valid N (listwise) 73

Table 2: Group Statistics

Oligohydromnios N Mean Std. Deviation Std. Error Mean
UmA SD Yes 29 3.0586 78047 .14493
No 44 3.2434 73963 11150
UmA_RI Yes 29 .6962 11487 .02133
No 44 .7089 .14460 .02180
UmA_PI Yes 29 1.2059 47455 .08812
No 44 1.0527 .34881 .05259
MCA _SD Yes 29 3.4572 69312 12871
No 44 3.5141 718564 11844
MCA RI Yes 29 7114 .09508 .01766
No 44 .6764 13338 .02011
MCA PI Yes 29 1.4041 21462 .03985
No 44 1.2193 .34901 05262
UmA_PSV Yes 29 34.5345 17.60804 3.26973
No 44 52.8455 16.38871 2.47069
UmA_EDV Yes 29 9.8759 5.58484 1.03708
No 44 17.1432 7.45724 1.12422
MCA_PSV Yes 29 36.5414 15.05176 2.79504
No 44 57.6591 19.70827 297113
MCA_EDV Yes 29 10.6207 6.43941 1.19577
No 44 21.3864 11.64837 1.75606

Table 3: Case Processing Summary

Valid Cases Missing Total
Oligohydromnios N Percent N Percent N Percent

UmA_SD No 44 100.0% 0 0.0% 44 100.0%
Yes 29 100.0% 0 0.0% 29 100.0%

Table 4: Statistical Significance of Doppler Indices

Doppler Index P-Value
UmA SD 0.1756
UmARI 0.3646
UmA PI 0.7311
MCASD 0.7535
MCARI 0.0614
MCA PI 0.2668
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DISCUSSION

The present study was conducted at Jinnah Hospital, Lahore, involving 73 pregnant women between 18 and 40 years of age, to evaluate
the differences in fetal Doppler ultrasound parameters between those diagnosed with oligohydramnios and those with normal amniotic
fluid levels. The investigation primarily focused on Doppler-derived measurements of the umbilical artery (UmA) and middle cerebral
artery (MCA), specifically assessing the peak systolic velocity (PSV), end-diastolic velocity (EDV), pulsatility index (PI), and resistance
index (RI). The findings revealed significant reductions in both PSV and EDV of the UmA and MCA among pregnancies complicated
by oligohydramnios, suggesting altered fetal-placental hemodynamics (14,15). However, most of the PI and RI values, while numerically
different, did not reach statistical significance. Notably, MCA-PI was found to be significantly higher in oligohydramnios cases,
reflecting compensatory redistribution of blood flow—commonly referred to as the "brain-sparing effect"—a physiological response to
chronic hypoxia in compromised fetuses (16). These results are in line with previous literature where similar Doppler abnormalities
were associated with adverse perinatal outcomes in pregnancies with reduced amniotic fluid. One study focusing on pregnancies at term
found that lower MCA-PI values and higher UA-PI were associated with fetal distress and unfavorable neonatal outcomes, echoing the
hemodynamic compromise observed in the current analysis (17,18). Another investigation targeting fetal renal and umbilical arteries at
28 weeks reported increased PI and RI in oligohydramnios, suggestive of elevated vascular resistance, though that study incorporated
different vascular regions and utilized a longitudinal approach (19). Despite methodological differences, both studies support the concept
that Doppler ultrasonography can sensitively detect early alterations in fetal circulation due to reduced amniotic fluid volume.

Interestingly, while prior studies commonly report a decrease in MCA-PI under hypoxic stress due to cerebral vasodilation, the current
findings observed a rise in MCA-PI among the oligohydramnios group. This divergence may reflect differences in gestational timing,
sample size, or compensatory hemodynamic phases, underscoring the complexity of interpreting MCA Doppler values in isolation
(20,21). Furthermore, the elevated MCA-PI alongside reduced MCA-EDV and PSV in the current study strengthens the argument for
progressive fetal compromise and cerebral autoregulation failure in late-stage oligohydramnios. The study demonstrated that Doppler
velocimetry remains a powerful, non-invasive tool for identifying subtle yet clinically meaningful shifts in fetal circulatory dynamics.
Its real-time capability to detect compromised placental and cerebral perfusion enhances clinical decision-making, particularly in high-
risk pregnancies. Nevertheless, a key limitation of the current research was its cross-sectional design, which restricts the ability to
establish temporal trends or causality. Additionally, the absence of longitudinal perinatal outcome data such as birth weight, APGAR
scores, NICU admissions, or stillbirths limits the direct clinical correlation between Doppler findings and neonatal prognosis. Moreover,
the relatively small sample size may have reduced the power to detect significant differences in some indices, particularly PI and RI,
which showed observable trends but lacked statistical confirmation.

Another constraint was the lack of Doppler assessment of additional fetal vessels such as the ductus venosus or fetal renal arteries, which
could have provided a more comprehensive overview of fetal compensatory mechanisms in oligohydramnios. The exclusion of
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confounding maternal factors, such as hypertensive disorders, medication history, and placental pathology, also limits the
generalizability of the findings. Furthermore, while the Doppler scans were performed by experienced sonographers, inter-observer
variability was not accounted for, which could influence reproducibility. Despite these limitations, the study's strength lies in its focused
comparison of vascular indices within a controlled gestational window, and its contribution to the evolving body of evidence on the role
of Doppler in fetal surveillance (22). Future research should prioritize prospective longitudinal designs with larger, more diverse
populations and incorporate a broader range of fetal vessels and outcome measures. Inclusion of serial Doppler monitoring and clinical
outcomes would allow for more precise prediction of fetal compromise and aid in refining guidelines for the timing of delivery in
pregnancies complicated by oligohydramnios.

CONCLUSION

This study concludes that oligohydramnios has a notable impact on fetal circulation, often reflecting underlying placental insufficiency
and early signs of fetal compromise. Through the evaluation of umbilical and middle cerebral artery Doppler indices, important
hemodynamic alterations can be identified, supporting their use as valuable, non-invasive tools in the prenatal assessment of high-risk
pregnancies. The findings emphasize the clinical relevance of incorporating routine Doppler surveillance in managing oligohydramnios,
enabling timely interventions that may improve fetal outcomes and reduce perinatal risks.
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