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Introduction 
Preeclampsia remains one of the leading causes 
of maternal and perinatal morbidity and 
mortality worldwide. It is a pregnancy-specific 
disorder characterized by new-onset 
hypertension and proteinuria after 20 weeks of 
gestation. Despite advances in obstetric care, 
preeclampsia still complicates 5–8% of all 
pregnancies globally and contributes 
significantly to maternal and fetal deaths, 
especially in low- and middle-income countries. 
The pathophysiology of preeclampsia is 
complex and multifactorial, involving abnormal 
placentation, systemic endothelial dysfunction, 
and maternal immune maladaptation. 
One of the key pathophysiological events in 
preeclampsia is the impairment of 

uteroplacental blood flow. During normal 
pregnancy, spiral arteries undergo extensive 
remodeling, resulting in a low-resistance, high-
capacitance circulation capable of providing 
sufficient blood supply to the placenta. In 
preeclampsia, this remodeling process is 
incomplete or defective, leading to persistently 
high-resistance blood flow and placental 
hypoperfusion. Consequently, the fetus may 
suffer from chronic hypoxia, which is a major 
contributor to intrauterine growth restriction 
(IUGR), preterm birth, and increased perinatal 
morbidity. 
The uteroplacental circulation serves as the 
critical interface between maternal and fetal 
systems. Disruption of this circulation not only 
leads to hypoxia but also results in oxidative 
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stress, release of antiangiogenic factors such as 
soluble fms-like tyrosine kinase-1 (sFlt-1), and 
maternal endothelial dysfunction. These 
changes further exacerbate hypertension and 
multiorgan involvement in preeclampsia, 
creating a vicious cycle that threatens both 
mother and child. 
Recent studies using Doppler velocimetry have 
made it possible to non-invasively assess 
uteroplacental blood flow patterns in 
pregnancies complicated by preeclampsia. 
Increased uterine artery resistance index (RI) 
and pulsatility index (PI), as well as the 
presence of early diastolic notching, are reliable 
indicators of impaired placental perfusion. Such 
findings are strongly correlated with adverse 
perinatal outcomes, including low Apgar scores, 
fetal distress during labor, and neonatal 
intensive care unit (NICU) admissions. 
Understanding the mechanism of 
uteroplacental blood flow impairment and 
subsequent fetal hypoxia is critical for 
improving diagnostic accuracy, risk 
stratification, and clinical management. Early 
identification of women at risk allows timely 
initiation of prophylactic measures such as low-
dose aspirin therapy, calcium supplementation, 
and close antenatal surveillance. Moreover, 
unraveling the molecular mechanisms involved 
may open new therapeutic opportunities, 
including targeted therapies aimed at 
improving placental perfusion. 
Given the global burden of preeclampsia and its 
impact on maternal-fetal health, research into 
its pathophysiological basis is a priority for 
modern obstetrics. This study aims to analyze 
the uteroplacental blood flow disturbances in 
preeclampsia, highlight the mechanisms that 
lead to fetal hypoxia, and propose practical 
strategies for prevention and management. 
 
Literature Review and Relevance of the 
Topic 
Preeclampsia remains a major global health 
challenge, and the impairment of uteroplacental 
circulation is recognized as one of its central 
pathogenic mechanisms. The importance of 
understanding this process has been 
emphasized in both classical and modern 

literature, as it directly impacts maternal and 
fetal outcomes. 
 
Pathophysiology and Placental Remodeling 
During normal pregnancy, the spiral arteries of 
the uterus undergo a physiological 
transformation characterized by loss of their 
muscular and elastic components. This 
remodeling converts them into large, low-
resistance vessels capable of providing a 
constant supply of blood to the intervillous 
space of the placenta. According to Brosens et al. 
(1972), this process is mediated by extravillous 
trophoblast invasion and is crucial for 
establishing an adequate uteroplacental 
circulation. 
In preeclampsia, this transformation is 
incomplete. The spiral arteries retain their 
musculoelastic structure, leading to abnormally 
high vascular resistance. Studies have shown 
that this results in intermittent perfusion of the 
placenta, causing ischemia-reperfusion injury 
and subsequent oxidative stress. This placental 
stress triggers the release of inflammatory 
cytokines and antiangiogenic factors such as 
soluble fms-like tyrosine kinase-1 (sFlt-1) and 
soluble endoglin (sEng), which are key 
contributors to maternal endothelial 
dysfunction (Redman & Sargent, 2005). 
 
 Hemodynamic Assessment in Research 
Doppler ultrasound has become the gold 
standard for non-invasive assessment of 
uteroplacental blood flow. Multiple studies have 
demonstrated that elevated uterine artery 
resistance index (RI) and pulsatility index (PI), 
as well as persistent early diastolic notching 
beyond 24 weeks of gestation, are predictive of 
adverse outcomes such as intrauterine growth 
restriction (IUGR), preterm delivery, and 
perinatal mortality (Harrington et al., 1996; 
Cnossen et al., 2008). These findings have been 
widely incorporated into screening protocols 
for high-risk pregnancies. 
Additionally, recent research has employed 
advanced imaging techniques and biochemical 
markers to better characterize placental 
insufficiency. Elevated levels of sFlt-1/PlGF 
ratio are now used in many clinical settings as 
an early indicator of preeclampsia and placental 
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hypoxia, enabling timely intervention and closer 
monitoring. 
 
Clinical Consequences of Impaired 
Uteroplacental Blood Flow 
The reduction of maternal blood flow to the 
placenta leads to chronic fetal hypoxia, which is 
a major determinant of adverse perinatal 
outcomes. Chronic hypoxia contributes to 
intrauterine growth restriction, low birth 
weight, and increased risk of stillbirth. 
Moreover, the fetus responds to hypoxia with a 
redistribution of blood flow — the so-called 
“brain-sparing effect” — which can be detected 
by middle cerebral artery Doppler studies. 
While this mechanism is initially protective, 
persistent hypoxia may eventually result in 
neurological injury and poor 
neurodevelopmental outcomes after birth. 
The clinical relevance of this issue is highlighted 
by the fact that preeclampsia accounts for up to 
15% of preterm births and is a leading cause of 
neonatal intensive care unit (NICU) admissions 
(WHO, 2019). Effective understanding and early 
recognition of uteroplacental perfusion 
abnormalities are therefore essential for 
improving both maternal and fetal prognoses. 
 
Global and Local Relevance 
From a public health perspective, the burden of 
preeclampsia is higher in low- and middle-
income countries due to delayed access to 
prenatal care and limited availability of 
diagnostic tools. This leads to late detection of 
placental insufficiency and higher rates of 
complications such as eclampsia, placental 
abruption, and perinatal death. Therefore, 
investigating the mechanisms of uteroplacental 
blood flow impairment and developing cost-
effective screening strategies is particularly 
relevant for these settings. 
 
Furthermore, the long-term effects of 
intrauterine hypoxia extend beyond the 
neonatal period. Barker’s hypothesis on the 
“fetal origins of adult disease” suggests that 
adverse intrauterine conditions predispose 
individuals to cardiovascular diseases, 
hypertension, and metabolic syndrome in 
adulthood. Thus, addressing uteroplacental 

blood flow disturbances may have far-reaching 
implications for future public health outcomes. 
 
Summary of Literature and Rationale for 
Study 
The reviewed literature underscores the critical 
role of defective spiral artery remodeling and 
placental ischemia in the pathogenesis of 
preeclampsia and fetal hypoxia. Although 
substantial progress has been made in 
understanding these mechanisms, gaps remain 
in identifying the earliest predictors and 
optimizing preventive strategies. The 
integration of Doppler velocimetry with 
biochemical markers such as PlGF and sFlt-1 has 
improved screening performance, yet further 
research is required to refine these approaches 
and ensure their applicability in all healthcare 
settings. 
Given the high prevalence and severe 
consequences of preeclampsia, studying the 
uteroplacental circulation and its link to fetal 
hypoxia is of paramount importance. This 
research contributes to filling existing 
knowledge gaps, helps in developing evidence-
based preventive measures, and ultimately aims 
to reduce maternal and perinatal morbidity and 
mortality. 
 
Materials and Methods 
This study was conducted as a prospective 
observational research aimed at assessing the 
relationship between uteroplacental blood flow 
disturbances and the development of fetal 
hypoxia in women with preeclampsia. The study 
was carried out at the Department of Obstetrics 
and Gynecology of a tertiary care perinatal 
center over a period of 18 months (January 
2023 – June 2024). 
Study Population 
A total of 120 pregnant women were recruited 
and divided into two groups: 
Study group (n=80): Women with clinically 
diagnosed preeclampsia (based on ACOG 2020 
criteria: blood pressure ≥140/90 mmHg after 
20 weeks of gestation + proteinuria ≥300 
mg/24h or evidence of end-organ dysfunction). 
Control group (n=40): Normotensive pregnant 
women matched by age and gestational age. 
Inclusion Criteria 
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− Singleton pregnancy 
− Gestational age between 20–36 
weeks 
− No pre-existing chronic 
hypertension or diabetes mellitus 

Exclusion Criteria 
− Multiple gestations 
− Congenital fetal anomalies 
− Pre-existing renal or 
cardiovascular disease 
− Pregnancies complicated by 
infections 

 
Clinical and Laboratory Assessment 
Maternal history, blood pressure 
measurements, and laboratory parameters 
(complete blood count, liver and kidney 
function tests, 24-hour proteinuria) were 
recorded for all participants. 
Doppler Ultrasonography 
Uterine artery Doppler velocimetry was 
performed using a high-resolution ultrasound 
machine with a 3.5 MHz convex probe. The 
following parameters were measured: 
Resistance Index (RI) and Pulsatility Index (PI) 
of both uterine arteries 
Presence of early diastolic notching 
Umbilical artery and middle cerebral artery 
Doppler studies to assess fetal well-being 
All measurements were performed by the same 
experienced sonographer to minimize 
interobserver variability. 
 
Assessment of Fetal Hypoxia 

− Fetal hypoxia was diagnosed based on a 
combination of parameters: 

− Abnormal Doppler findings (absent or 
reversed end-diastolic flow in the 
umbilical artery) 

− Non-stress test (NST) abnormalities 
− Biophysical profile score <6 

 
Data Collection and Statistical Analysis 
All collected data were entered into a secure 
database. Statistical analysis was performed 
using SPSS version 26.0. Continuous variables 
were expressed as mean ± standard deviation 
(SD) and compared using Student’s t-test or 
Mann–Whitney U test where appropriate. 
Categorical variables were analyzed with Chi-

square test. A p-value <0.05 was considered 
statistically significant. 
 
Results 
A total of 120 pregnant women were evaluated 
in this study, including 80 women with clinically 
diagnosed preeclampsia and 40 healthy 
controls. The mean maternal age in the 
preeclampsia group was 28.4 years, which was 
comparable to 27.9 years in the control group. 
There were no significant differences between 
groups regarding parity, body mass index, or 
gestational age at the time of inclusion, which 
allowed for a reliable comparison of outcomes. 
Uteroplacental Doppler Findings: 
Women with preeclampsia demonstrated 
significantly impaired uteroplacental 
circulation compared to controls. Both the 
resistance index and pulsatility index of the 
uterine arteries were markedly elevated. In 
addition, early diastolic notching — a hallmark 
of abnormal uterine artery blood flow — was 
present in almost two-thirds of preeclamptic 
women, while it was observed in only a small 
fraction of healthy pregnancies. These findings 
confirm that preeclampsia is associated with 
increased vascular resistance and incomplete 
spiral artery remodeling, leading to placental 
hypoperfusion. 
 
Fetal Hypoxia Indicators: 
Evidence of fetal hypoxia was significantly more 
frequent among the preeclamptic group. Nearly 
one in four fetuses exhibited abnormal umbilical 
artery Doppler patterns, including absent or 
reversed end-diastolic flow, whereas none of 
the controls showed such abnormalities. 
Furthermore, non-stress tests were non-
reactive in approximately one-fifth of 
preeclamptic pregnancies, suggesting reduced 
fetal well-being. The mean biophysical profile 
score was also significantly lower, indicating 
compromised intrauterine conditions. 
 
Perinatal Outcomes: 
Preeclampsia was strongly associated with 
adverse pregnancy outcomes. Preterm delivery 
before 37 weeks occurred in 40% of affected 
women, compared to only 10% in the control 
group. Similarly, the prevalence of low birth 
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weight infants was almost five times higher in 
the preeclampsia group. Neonatal intensive care 
unit (NICU) admissions were markedly more 
frequent, reflecting higher rates of neonatal 
complications due to intrauterine growth 
restriction and birth asphyxia. 
Collectively, these results demonstrate that 
uteroplacental blood flow impairment in 
preeclampsia leads to clinically significant fetal 
hypoxia, which in turn contributes to preterm 
delivery, low birth weight, and increased 
neonatal morbidity. The findings strongly 
support the need for early identification and 
monitoring of uteroplacental circulation in 
pregnancies complicated by preeclampsia. 
 
Discussion 
The findings of this study clearly demonstrate 
that uteroplacental blood flow impairment 
plays a central role in the pathophysiology of 
preeclampsia and contributes significantly to 
the development of fetal hypoxia. The observed 
elevation in uterine artery resistance and 
pulsatility indices, along with the high 
prevalence of early diastolic notching, confirms 
the presence of abnormal spiral artery 
remodeling in these patients. These results are 
consistent with the classical pathophysiological 
model of preeclampsia, in which defective 
trophoblastic invasion leads to a failure of the 
spiral arteries to convert into low-resistance 
vessels, thereby restricting blood flow to the 
placenta. 
Our results align with previous studies by 
Redman and Sargent (2005), who emphasized 
that placental ischemia is the initiating event in 
preeclampsia, triggering the release of 
antiangiogenic factors such as sFlt-1 and soluble 
endoglin. These factors disrupt endothelial 
homeostasis, resulting in widespread maternal 
endothelial dysfunction, hypertension, and 
proteinuria. The present study further 
demonstrates that this cascade also 
compromises fetal well-being by creating a 
chronic hypoxic environment within the uterus. 
The increased frequency of abnormal umbilical 
artery Doppler findings observed in this study 
highlights the severity of fetoplacental 
insufficiency in preeclampsia. This is 
particularly significant because absent or 

reversed end-diastolic flow is a well-known 
predictor of adverse perinatal outcomes, 
including stillbirth and severe growth 
restriction. Our data showed that fetuses 
exposed to these Doppler abnormalities had 
lower biophysical profile scores and higher 
rates of non-reactive non-stress tests, 
suggesting impaired oxygen delivery and 
potential fetal distress. 
Importantly, the clinical consequences of 
uteroplacental dysfunction were evident in the 
higher rates of preterm birth, low birth weight, 
and neonatal intensive care unit admissions. 
These findings are in agreement with reports by 
Cnossen et al. (2008), who found that abnormal 
uterine artery Doppler waveforms are strongly 
associated with adverse obstetric outcomes. 
Moreover, our study adds to the growing body 
of evidence that early detection of such 
abnormalities can help identify pregnancies at 
highest risk, allowing for timely interventions 
such as closer surveillance, corticosteroid 
administration for fetal lung maturation, and 
planning of delivery in a tertiary care center. 
Another key implication of our results is the 
potential for long-term health effects on the 
offspring. According to Barker’s hypothesis, 
intrauterine hypoxia and growth restriction 
predispose children to metabolic syndrome, 
hypertension, and cardiovascular disease in 
adulthood. Therefore, the prevention and early 
management of uteroplacental insufficiency 
may have benefits that extend far beyond the 
perinatal period. 
Nevertheless, it is important to acknowledge 
certain limitations of this study. The sample 
size, while adequate for detecting significant 
differences, may not capture the full spectrum of 
preeclampsia severity. Additionally, Doppler 
studies were performed at a single time point, 
and serial measurements could provide more 
detailed insight into the progression of 
uteroplacental dysfunction. Future research 
should focus on longitudinal assessments and 
explore novel biomarkers that could predict 
placental dysfunction even before clinical 
symptoms appear. 
In summary, our findings reinforce the critical 
role of uteroplacental circulation in the 
pathogenesis of preeclampsia and its 
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complications. Early recognition of impaired 
uteroplacental blood flow and proactive 
management may significantly improve 
maternal and neonatal outcomes. 
 
Practical Recommendations 
Based on the findings of this study, the following 
practical recommendations are proposed to 
improve the management of pregnancies 
complicated by preeclampsia and to reduce the 
risk of fetal hypoxia: 
1. Early Screening and Risk Assessment: 
All pregnant women, especially those with risk 
factors such as chronic hypertension, diabetes, 
or previous history of preeclampsia, should 
undergo first- and second-trimester screening 
for preeclampsia. 
Uterine artery Doppler velocimetry should be 
performed between 20–24 weeks of gestation to 
detect early signs of impaired uteroplacental 
circulation. 
2.Close Monitoring of High-Risk Pregnancies: 
Women with abnormal Doppler findings should 
receive more frequent antenatal visits, blood 
pressure monitoring, and laboratory tests to 
detect worsening disease early. 
Fetal surveillance should include serial 
ultrasound growth assessments, non-stress 
tests, and biophysical profile evaluations. 
3.Timely Medical Intervention: 
Administration of antihypertensive therapy 
when blood pressure exceeds 140/90 mmHg to 
prevent maternal complications. 
Use of low-dose aspirin (75–150 mg daily) in 
high-risk women starting from 12–16 weeks of 
gestation, as recommended by international 
guidelines, to reduce the incidence of 
preeclampsia. 
4.Preparation for Delivery: 
 In cases of severe preeclampsia with evidence 
of fetal compromise, timely delivery in a tertiary 
care facility should be planned to prevent 
stillbirth and severe neonatal morbidity. 
Corticosteroids should be administered when 
preterm delivery is anticipated, to promote fetal 
lung maturity. 
5. Postpartum Follow-Up: 
 Women with preeclampsia should be counseled 
about the increased long-term risk of 

cardiovascular disease and monitored for 
hypertension in the postpartum period. 
Offspring exposed to intrauterine hypoxia 
should undergo regular pediatric follow-up for 
growth and neurodevelopmental assessment. 
 
Conclusion 
This study highlights the crucial role of impaired 
uteroplacental blood flow in the pathogenesis of 
preeclampsia and its association with fetal 
hypoxia. The findings demonstrate that 
abnormal placental perfusion leads to 
inadequate oxygen and nutrient supply to the 
fetus, resulting in intrauterine growth 
restriction and increased perinatal morbidity. 
Early identification of high-risk pregnancies 
through Doppler velocimetry, timely initiation 
of preventive measures such as low-dose 
aspirin, and close maternal–fetal surveillance 
can significantly reduce the risk of severe 
complications. Multidisciplinary management 
involving obstetricians, neonatologists, and 
anesthesiologists is essential to optimize 
pregnancy outcomes. 
Implementing these strategies will improve 
maternal health, reduce the incidence of fetal 
hypoxia, and contribute to a lower rate of 
perinatal mortality. 
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