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Abstract
Early detection of uteroplacental and fetoplacental blood flow disorders plays a crucial role in reducing
perinatal morbidity and mortality. Doppler ultrasonography is currently regarded as one of the most
informative, non-invasive, and widely accessible methods for assessing fetoplacental hemodynamics.
This study evaluates the diagnostic value of Doppler ultrasound parameters—including uterine artery
pulsatility index, umbilical artery resistance index, and middle cerebral artery cerebroplacental ratio—
in identifying early signs of placental insufficiency in high-risk pregnancies. The findings highlight
the significance of timely Doppler screening for predicting adverse obstetric outcomes, enabling early
intervention, and improving fetal well-being.
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HOMILADORLIKDA UTEROPLASENTAL VA FETOPLASENTAL QON AYLANISHI
BUZILISHLARINI ERTA ANIQLASH UCHUN DOPPLEROGRAFIK USULLARNING
IMKONIYATLARI: PERINATAL XAVFLARNI OLDINDAN BAHOLASH VA OLDINI
OLISH
ANNOTATSIYA
Uteroplatsentar va fetoplatsentar gon ogimi buzilishlarini erta aniglash perinatal kasallanish va o‘lim
ko‘rsatkichlarini kamaytirishda muhim ahamiyatga ega. Doppler ultratovush tekshiruvi hozirda
fetoplatsentar gemodinamikani baholashning eng informativ, invaziv bo‘lmagan va keng
qo‘llaniladigan usullaridan biri hisoblanadi. Ushbu tadgiqot Doppler ultratovush parametrlarining —
xususan, bachadon arteriyasi pulsativlik indeksi, kindik arteriyasi rezistentlik indeksi va o‘rta miya
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arteriyasi serebro-platsentar nisbati — yugori xavfli homiladorliklarda platsentar yetishmovchilikning
erta belgilarini aniglashdagi diagnostik ahamiyatini baholaydi. Olingan natijalar Doppler skriningini
0‘z vaqtida o‘tkazish noxush akusherlik asoratlarini bashorat qilish, erta aralashuv choralarini ko‘rish
va homila salomatligini yaxshilashda muhim ekanligini ko‘rsatadi.

Kalit so‘zlar: doppler ultratovush tekshiruvi; uteroplatsentar gon oqimi; fetoplatsentar aylanish;
platsentar yetishmovchilik; pulsativlik indeksi; rezistentlik indeksi; serebro-platsentar nisbati; homila
gipoksiya; perinatal natijalar.
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BO3MOXHOCTU JOHNIIVIEPOI'PAOUYECKUX METOAOB IJIs1 PAHHEI'O
BBISIBJIEHU S HAPYIIEHUI MATOYHO-TUVIAIEHTAPHOI'O U
OETOIVTIAHEHTAPHOI'O KPOBOOBPAIIIEHUSA BO BPEMSI BEPEMEHHOCTMU:
IMPOI'HO3UPOBAHMUE U TIPOPUJIAKTUKA IEPUHATAJIBHBIX PUCKOB

AHHOTALUSA

PanHee BbIABICHHE HapyIIEHUH KPOBOTOKA B MAaTOYHO-IUIALIEHTAPHOM M (eTorulaleHTapHoR
CHUCTEMAax WUIpaeT KIIOYEBYIO POJb B CHUKEHHM MEpUHATAIIbHON 3a00J1€Ba€MOCTH U CMEPTHOCTH.
JlomnmiepoBcKkoe yabTPpa3ByKOBOE UCCIIEI0BaHUE B HACTOSIIEE BPEMsl CUUTAETCS OJHUM U3 Hanbosee
MH(OPMATHUBHBIX, HEWHBAa3MBHBIX M HIMPOKOJOCTYIIHBIX METOJIOB OLEHKHM (peToruialeHTapHoi
reMOJMHaMHKU. B 1aHHOM ucCclieJOBaHMM OLIEHUMBAETCS JUArHOCTHYECKas IIEHHOCTh MapaMeTpoB
nonmuieporpaduu, BKJIOYas HMHIEKC MyJIbCAlMM MAaTOYHOM apTepuH, MHIEKC CONPOTHBICHHS
MYNOBUHHOM apTepuy U LepeOpOoIIalleHTapHOe COOTHOIIEHUE CpelHEHl MO3roBOW apTepuu, s
BBISIBJICHUS] PAaHHMX IPU3HAKOB IJIAIIEHTAPHOW HEJIOCTaTOYHOCTH TpPH OEPEeMEHHOCTH BBICOKOM
CTENEHH pHUCKa. [lonydyeHHbIE NaHHBIE MOAYEPKUBAIOT BaXHOCTh CBOEBPEMEHHOI'O JIOMILIEPOBCKOTO
CKPUHHHTA JUIsl TPOrHO3UPOBAHMS HEOJArONPUSITHBIX aKyIIEPCKUX MCXO0/I0B, BOBMOXXHOCTH PaHHETO
BMEIIATEIbCTBA U YIYUIICHUS COCTOSHUS IUIOAA.

KiroueBbie ciaoBa: JlonmiuepoBckoe yiIbTpa3ByKOBOE HCCIIEIOBAHNUE; MaTOYHO-IUIAlIEHTApHBIN
KpOBOTOK; (PETOIUIalleHTapHOE KpOBOOOpAIEHHE; IUIAllEHTapHas HEIOCTaTOYHOCTh; WHIEKC
MyJbCAallUM; HWHJEKC COMNPOTHUBIICHUS; IepeOpoIlIalleHTapHOEe COOTHOIIEHUE, TUIOKCHS IUI0Ja;
NepUHATAIBHBIE UCXOJIBI.

INTRODUCTION

Uteroplacental and fetoplacental blood flow are fundamental determinants of normal fetal growth,
development, and overall pregnancy outcome. Adequate perfusion of the placenta ensures continuous
delivery of oxygen and essential nutrients to the fetus, while impaired placental circulation is closely
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associated with a wide spectrum of obstetric complications, including fetal growth restriction (FGR),
preeclampsia, chronic fetal hypoxia, preterm birth, and increased perinatal mortality. Given the silent
and often progressive nature of these disorders, early identification remains a major priority in modern
perinatology.
Doppler ultrasonography has emerged as a cornerstone method in the assessment of fetoplacental
hemodynamics due to its non-invasiveness, reproducibility, and ability to detect functional changes
before the onset of clinical symptoms. By measuring blood flow velocity waveforms in key vessels—
such as the uterine arteries, umbilical artery, and fetal middle cerebral artery—Doppler imaging allows
clinicians to evaluate placental resistance, fetal compensatory mechanisms, and overall hemodynamic
adaptation. Among the most informative parameters are the pulsatility index (PI), resistance index
(R1), systolic/diastolic (S/D) ratio, and the cerebroplacental ratio (CPR), each of which provides
valuable insights into the status of uteroplacental and fetoplacental circulation.
Recent advancements in prenatal diagnostics emphasize the need for integrating Doppler findings into
comprehensive risk stratification models for high-risk pregnancies, particularly in women with
hypertension, diabetes, autoimmune disorders, or a history of adverse obstetric outcomes. Early
Doppler abnormalities can serve as predictive markers of placental insufficiency, enabling timely
clinical decisions such as intensified monitoring, optimized medical therapy, and individualized
delivery planning. Furthermore, evidence suggests that routine mid-trimester Doppler screening can
significantly improve early detection of preeclampsia and FGR, contributing to better neonatal
outcomes.
Despite its proven utility, there remains variability in the interpretation and application of Doppler
indices across clinical settings. This highlights the necessity for more standardized protocols and
further research aimed at clarifying the predictive value of specific Doppler parameters in different
high-risk populations. In this context, the present study explores the diagnostic capabilities of Doppler
ultrasound in the early detection of uteroplacental and fetoplacental blood flow disorders and evaluates
its role in forecasting adverse perinatal outcomes.
MATERIALS AND METHODS
This prospective observational study was conducted at the Department of Obstetrics and Gynecology
between 2023-2025. A total of 180 pregnant women between 20-40 weeks of gestation were
enrolled. Participants were divided into two groups based on clinical risk factors for placental
insufficiency:
Group Description n

High-risk group Patients with hypertension, 120
preeclampsia history,
gestational diabetes,
autoimmune diseases, FGR
history, or abnormal serum
screening
Low-risk (control) group Healthy pregnancies without 60
systemic or obstetric
complications

94
© HealthWay.uz 2025 T1 Ned


https://healthway.uz/

HealthWay: Scientific and Practical Medical Journal ISSN: 3093-8627

Exclusion criteria included structural fetal anomalies, multiple gestation, congenital infections, and
maternal cardiac pathology.
All examinations were performed using GE Voluson E10 and Mindray DC-80 systems equipped
with a 3.5-5 MHz convex transducer. Doppler ultrasound adhered to the ISUOG safety guidelines,
maintaining the thermal index (TI) below 1.0.
The following vessels were assessed:
1. Bilateral uterine arteries (UtA)
2. Umbilical artery (UA)
3. Middle cerebral artery (MCA)
For each vessel, the following indices were recorded:
Pulsatility Index (PI)
Resistance Index (RI)
Systolic/Diastolic ratio (S/D)
Cerebroplacental Ratio (CPR = MCA PI/ UA PI)
Data Collection Procedure
Each subject underwent two Doppler evaluations:
e 1stassessment: 2024 weeks
e 2nd assessment: 30—34 weeks
Clinical endpoints:
e Fetal growth restriction (FGR)
e Preeclampsia
e Preterm birth
e Cesarean delivery for fetal distress
e Perinatal outcomes (Apgar scores, NICU admission)
Quantitative Doppler Indicators
Table 1. Reference thresholds used in this study

Parameter Abnormal cutoff Clinical implication
UtA PI >95th percentile High placental resistance
UAPI >95th percentile Placental insufficiency

MCA PI <5th percentile Fetal brain-sparing effect
CPR <10 Centralization of fetal
circulation

Statistical Methods

Descriptive statistics: Mean = SD, median (IQR)

e Group comparisons: Student’s t-test or Mann—Whitney U test
Correlations: Pearson/Spearman

Predictive analysis: ROC curve for UA Pl and CPR predicting FGR
Statistical significance: p < 0.05

Figure 1. Example ROC curve structure (schematic)
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Table 2. Distribution of Doppler abnormalities across groups

Parameter High-risk (n=120) Control (n=60) p-value

UtA PI 1 42 (35%) 4 (6.7%) <0.001

UAPI? 28 (23.3%) 2 (3.3%) <0.001

MCAPI | 21 (17.5%) 1(1.6%) <0.001

CPR<1.0 33 (27.5%) 3 (5%) <0.001
RESULTS

A total of 180 pregnant women were analyzed, including 120 high-risk and 60 low-risk (control)
participants. Doppler ultrasound parameters were compared between the two groups at 20—24 weeks
and 30-34 weeks to determine early predictors of uteroplacental and fetoplacental insufficiency.

1. Uterine Artery Doppler Findings
Significantly elevated Uterine Artery Pl and presence of early diastolic notching were observed
predominantly in the high-risk group.
Table 3. Uterine artery Doppler abnormalities

Parameter High-risk (n=120) Control (n=60) p-value
Mean UtA PI1 (20-24 w) 1.69 +0.42 1.21+0.31 <0.001
Bilateral notching 28 (23.3%) 2 (3.3%) <0.001
Mean UtA PI1 (30-34 w) 1.52+£0.36 1 (1.6%) <0.001

Diagram 1. Uterine Artery PI trend (schematic)
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2. Umbilical Artery Doppler Results
High-resistance umbilical artery flow was significantly more frequent among high-risk pregnancies.
Table 4. Umbilical artery Pl and abnormal flow

Parameter High-risk (n=120) Control (n=60) p-value
UA PI >95th percentile 28 (23.3%) 2 (3.3%) <0.001
Absent diastolic flow 6 (5%) 0 0.03
Reversed diastolic flow 2 (1.6%) 0 0.12

Diagram 2. Umbilical artery PI distribution (schematic)
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3. Middle Cerebral Artery (MCA) and CPR

Evidence of brain-sparing effect (low MCA PI + low CPR) was significantly associated with fetal
growth restriction.

Table 5. MCA and CPR abnormalities

Parameter High-risk (n=120) Control (n=60) p-value
MCA PI <5th percentile 21 (17.5%) 1 (1.6%) <0.001
CPR<1.0 33 (27.5%) 3 (5%) <0.001

4. Relationship Between Doppler Abnormalities and Perinatal Outcomes
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Table 6. Adverse outcomes and Doppler correlations

Outcome High-risk, n (%) Control, n (%) Relative Risk
Fetal Growth 30 (25%) 4 (6.7%) 3.7x
Restriction
Preeclampsia 22 (18.3%) 2 (3.3%) 5.5%
Preterm birth (<37 w) 18 (15%) 3 (5%) 3%
NICU admission 20 (16.6%) 2 (3.3%) 5%

FGR was strongly associated with abnormal UA Pl and CPR:

e UA PI >95th percentile — FGR in 68% of cases

e CPR<1.0 > FGR in 72% of cases
5. Predictive Analysis (ROC Curve)
The predictive performance of Doppler indices for identifying FGR was evaluated.

e UA PI AUC = 0.86 (high diagnostic accuracy)

e CPR AUC =0.91 (excellent diagnostic value)
Summary of Key Findings

e Doppler abnormalities were 3-5 times more common in the high-risk group.

e Uterine artery Pl and notching were significant early markers starting from 20-24 weeks.

e Umbilical artery high resistance appeared in mid—late trimester, correlated with FGR.

e MCA PI reduction and CPR < 1.0 were the strongest predictors of fetal compromise.

e CPR demonstrated the highest diagnostic accuracy (AUC 0.91) for predicting FGR.

e Abnormal Doppler findings were strongly associated with preeclampsia, preterm birth, and

NICU admission.

DISCUSSION
The findings of this study demonstrate that Doppler ultrasonography provides critical and timely
information for the early detection of uteroplacental and fetoplacental blood flow disorders in
pregnancies at increased risk for placental insufficiency. The significant differences observed between
the high-risk and low-risk groups confirm the diagnostic utility of Doppler indices in predicting
adverse obstetric and perinatal outcomes.
A key observation was the consistently elevated uterine artery pulsatility index and the presence of
bilateral early-diastolic notching in the high-risk population. These abnormalities were evident as early
as 20-24 weeks, preceding the clinical onset of preeclampsia or fetal growth restriction (FGR). This
aligns with prior studies indicating that impaired trophoblastic invasion and defective spiral artery
remodeling manifest as increased resistance in the uterine arteries during mid-pregnancy. Thus, uterine
artery Doppler serves as a reliable early marker for pregnancies vulnerable to placental dysfunction.
Umbilical artery Doppler further strengthened the diagnostic framework, particularly during the late
second and early third trimesters. In this study, 23.3% of high-risk pregnancies exhibited a UA PI
above the 95th percentile, compared to 3.3% in the control group. These findings are consistent with
the pathophysiological progression of placental insufficiency, where heightened placental resistance
results in diminished diastolic flow. The presence of absent or reversed end-diastolic flow, although
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less frequent, indicates severe hemodynamic compromise and is well-established in the literature as a
strong predictor of fetal hypoxia, acidosis, and early delivery.

Another important component of this study was the evaluation of fetal adaptive hemodynamics through
middle cerebral artery Doppler and the cerebroplacental ratio (CPR). The high prevalence of low MCA
Pl and CPR < 1.0 in the high-risk group underscores the onset of fetal brain-sparing—a compensatory
response to chronic hypoxia characterized by vasodilation of cerebral vessels. The CPR demonstrated
the strongest association with adverse outcomes, corroborated by its AUC of 0.91 in predicting FGR.
These findings are in agreement with emerging evidence suggesting that CPR is superior to individual
arterial indices and should therefore be integrated into routine fetal surveillance, especially in high-
risk pregnancies.

The clinical implications of these Doppler abnormalities were evident in the significantly higher rates
of FGR, preeclampsia, preterm birth, and NICU admissions among high-risk participants. The strong
correlation between Doppler parameters and adverse outcomes provides compelling evidence that
Doppler ultrasound is not only a diagnostic tool but also a reliable prognostic instrument. Early
identification of high-resistance uterine and umbilical artery flow or low CPR may enable clinicians
to adjust monitoring protocols, initiate preventive therapies (such as low-dose aspirin), and plan timely
interventions to reduce perinatal morbidity.

Moreover, the results highlight the importance of a multiple-vessel Doppler assessment, rather than
relying solely on one parameter. The combined evaluation of uterine, umbilical, and middle cerebral
arteries offers a more comprehensive understanding of maternal, placental, and fetal hemodynamics.
This multi-vessel approach has been advocated by many researchers and is further validated by the
present study.

Despite the strengths of the study—including its prospective design and standardized Doppler
protocol—certain limitations should be considered. The study was conducted at a single center, which
may affect generalizability. Additionally, biochemical markers such as PIGF or sFlt-1 were not
included, which might have enhanced predictive accuracy. Future research integrating Doppler indices
with maternal serum biomarkers and machine-learning—based risk models could further improve the
early identification of placental dysfunction.

In summary, the current study reinforces the pivotal role of Doppler ultrasonography in monitoring
high-risk pregnancies. The ability of uterine artery PI, UA PI, MCA PI, and especially CPR to predict
adverse outcomes underscores the value of Doppler parameters as essential components of modern
perinatal care. Early detection provides an opportunity for timely intervention, potentially mitigating
the risks associated with placental insufficiency and improving neonatal well-being.

CONCLUSION

The present study demonstrates that Doppler ultrasonography is a highly informative, non-invasive,
and reliable tool for the early detection of uteroplacental and fetoplacental blood flow disorders in
high-risk pregnancies. Elevated uterine artery resistance—manifested by increased Pl values and
bilateral notching—was identified as an early indicator of impaired placentation as early as 20-24
weeks of gestation. These findings highlight the importance of mid-trimester uterine artery Doppler
screening for predicting subsequent development of preeclampsia and fetal growth restriction.
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Umbilical artery Doppler abnormalities, particularly elevated Pl and reduced diastolic flow, were

strongly associated with placental insufficiency and served as significant predictors of adverse

perinatal outcomes. Furthermore, fetal adaptive responses evaluated through middle cerebral artery

Doppler and the cerebroplacental ratio (CPR) were shown to have exceptional diagnostic value. Low

CPR, in particular, emerged as the most sensitive marker for identifying fetal compromise,

demonstrating the highest predictive accuracy for fetal growth restriction.

Overall, the integration of multiple Doppler parameters—uterine artery, umbilical artery, and middle

cerebral artery—provides a comprehensive assessment of both maternal and fetal hemodynamics. This

multimodal approach enhances clinical decision-making, allowing for timely interventions,

individualized monitoring strategies, and improved perinatal outcomes. The findings of this study

support the routine use of Doppler ultrasound in the surveillance of high-risk pregnancies and

emphasize its essential role in modern perinatal management.
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