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Objective: To investigate the role of umbilical cord blood flow parameters in evaluating intrauterine fetal hypoxia and fetal growth
restriction in pregnant women with gestational hypertension.

Methods: One hundred and nine patients with gestational hypertension admitted from January 2020 to December 2023 were enrolled
in this study. The peak systolic velocity/end diastolic velocity (S/D), pulse index (PI) and resistance index (RI) of cord blood were
measured by ultrasound. According to the S/D, 109 cases were divided into 62 cases in the control group (S/D < 3) and 47 cases in the
observation group (S/D > 3), and the prognosis of pregnant women and fetuses in the two groups were compared. The ROC curves
were used to analyze the effects of different parameters of umbilical blood flow on intrauterine fetal hypoxia and fetal growth
restriction in pregnant women with gestational hypertension.

Results: The incidence of intrauterine fetal hypoxia, fetal growth restriction, cesarean section, and unresponsive type of non-irritation
test was decreased in the control group compared with the observation group (P < 0.05). However, there was no statistical difference in
the incidence of neonatal asphyxia between the two groups (P > 0.05). ROC curve analysis showed that cord blood flow RI of pregnant
women with gestational hypertension had the highest sensitivity and AUC in predicting intrauterine fetal hypoxia and growth
restriction, and PI had the highest specificity in predicting intrauterine fetal growth restriction. The specificity of S/D, PI and RI in
predicting intrauterine hypoxia was consistent (all 80%).

Conclusion: The different parameters of umbilical blood flow in hypertensive pregnant women during pregnancy provide a good
assessment of intrauterine fetal condition and can be used as clinical indicators to predict poor prognosis of intrauterine fetal hypoxia
and fetal growth restriction.
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Introduction

Gestational hypertension is defined as the development of high blood pressure (=140/90 mmHg) after 20 weeks of
gestation in a previously normotensive woman, without the presence of proteinuria. Gestational hypertension develops
during pregnancy and is a relatively common clinical complication of pregnancy.' According to the literature, the
prevalence of this disease varies between countries and regions.” In China, the incidence of gestational hypertension is
high, ranging from 7.9% to 10.4%.> Gestational hypertension can trigger an insufficient blood supply to the placenta,
leading to decreased placental function, fetal hypoxia, growth restriction, intrauterine distress, and preterm delivery,
thereby causing obstacles in fetal oxygen and nutrient supply and intrauterine fetal development retardation.*> Among
them, the incidence of fetal preterm labor is higher in patients with gestational hypertension. The causes and pathogenesis
of gestational hypertension are not well understood. However, hypertensive disorders of pregnancy pose a threat to the
health and safety of the pregnant woman and the fetus, and are one of the major causes of adverse pregnancy outcome.®
Serious complications in pregnant women with gestational hypertension are cardiac failure, renal failure and cerebro-
vascular disease.” Clinical management of gestational hypertension is mainly symptomatic to control blood pressure and
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terminate pregnancy if necessary.® Studies have shown that preterm infants with gestational hypertension are significantly
more likely to develop extrauterine growth retardation after birth.””'' On the one hand, preterm infants born to
hypertensive women are at higher risk of postnatal complications than preterm infants born to healthy mothers, which
affects the growth and development of preterm infants to a certain extent.''* Under the influence of various unfavorable
factors, fetal growth and development are restricted, which is clinically manifested in the reduction of placental chorionic
vascular branches and the increasing resistance to blood flow in the placenta. If there is a placental circulation disorder, it
can lead to fetal ischemia and hypoxia symptoms in the development process, leading to intrauterine hypoxia, neonatal
asphyxia and other adverse pregnancy outcomes.'*

How to monitor the condition of the fetus in pregnant women with gestational hypertension, detect intrauterine
hypoxia in time, and provide timely and effective interventions and treatments have become the top priority for
obstetricians and gynecologists in their clinical work. Fetal heart rate monitoring has a certain diagnostic value for
intrauterine fetal conditions.'> With the progress and development of ultrasound technology, umbilical blood flow
detection has also been gradually applied to prenatal examination.'® Color ultrasound monitoring of fetal umbilical
artery blood flow S/D value has the advantages of non-invasive, simple and accurate, which is one of the most important
parameters for detecting umbilical artery blood flow. Color ultrasound monitoring can be used to understand placental
function by measuring the ratio of peak end-systolic (S) to peak end-diastolic (D) values of the umbilical artery. It can
reflect the blood circulation and oxygen reserve level of the fetus in the mother during pregnancy. And the magnitude of
the S/D value can reflect the presence and severity of intrauterine hypoxia in the fetus, which is closely related to the
maternal outcome of pregnancy. This monitoring tool can effectively reflect the safety of the fetus in the womb and alert
obstetricians and gynecologists to take timely, effective and appropriate interventions.

By determining the S/D ratios in both the gestational hypertension and control groups, we analyzed the temporal trend of S/D
values throughout gestation, thereby providing insights into the hemodynamic changes associated with gestational hypertension.
The aim of this study is to raise awareness of the importance of fetal umbilical artery blood flow monitoring in pregnant women
with gestational hypertension. While monitoring blood pressure, the monitoring of fetal umbilical artery blood flow was
emphasized. Timely assessment of fetal condition in utero reduces the incidence of adverse maternal and neonatal outcomes.

Methods

General Information About Patients

A total of 109 pregnant women with gestational hypertensive admitted from January 2020 to December 2023 who met
the inclusion and exclusion criteria were selected. Based on S/D, 109 cases of gestational hypertension were categorized
into the control group (S/D < 3, 62 cases) and the observation group (S/D > 3, 47 cases).'’ In the control group, the age
range was 19—46 years (31.89 £ 5.75 years), and the gestational age ranged from 34 to 40 weeks (36.21 + 2.28 weeks). In
the observation group, the age range was 22—42 years (31.96 + 4.85 years), and the gestational age ranged from 34 to
40 weeks (35.45 + 3.40 weeks). The baseline table shows the comparability over the two baselines (P > 0.05) (Table 1)
The study was approved by the Medical Ethics Committee of the hospital, and the patients and/or their families gave
their informed consent to the study and signed the consent form.

Table | Baseline Characteristic

Characteristic Observation Group | Control Group P
(n = 47) (n =62)
Maternal Age (years) 31.96 + 4.85 31.89 £5.75 0.94
Gestational Age (weeks) 3545 + 3.40 36.21 +£2.28 0.15
Primiparous, n (%) 28 (59.6%) 35 (56.5%) 0.75
Multiparous, n (%) 19 (40.4%) 27 (43.5%) 0.75
Systolic Blood Pressure (mmHg) 147.1 £9.2 1453 + 8.7 0.32
Diastolic Blood Pressure (mmHg) 938 7.1 925+ 63 0.29
(Continued)
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Table | (Continued).

Characteristic Observation Group | Control Group P
(n = 47) (n =62)

BMI (kg/m?) 27.1 £35 264 32 0.28
Smoking History, n (%) 4 (8.5%) 5 (8.1%) 0.94
Chronic Hypertension, n (%) 9 (19.1%) 10 (16.1%) 0.68
Diabetes Mellitus, n (%) 5 (10.6%) 6 (9.7%) 0.87
Previous Cesarean Section, n (%) 10 (21.3%) 12 (19.4%) 0.81
Fetal Sex (Male), n (%) 24 (51.1%) 32 (51.6%) 0.95

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Met the diagnostic criteria for gestational hypertension, defined as a new onset of hypertension
(systolic blood pressure > 140 mm Hg and/or diastolic blood pressure > 90 mm Hg) occurring after 20 weeks of
gestation. Blood pressure must be measured on at least two separate occasions, with a minimum interval of 4 hours
between readings, in a woman with previously normal blood pressure, and without evidence of significant proteinuria
(urine protein <300 mg in a 24-hour urine collection).; (2) All were singleton pregnancies by ultrasonography.
Exclusion criteria: (1) Ultrasonographic detection of fetal malformations; (2) Patients in active labor at the time of
examination; (3) Patients presenting with severe hypertensive complications (eg, severe headache, visual disturbances,
HELLP syndrome, or eclampsia) that could affect hemodynamic measurements; (4) Patients with additional systemic
diseases (eg, renal, hepatic, or cardiovascular disorders) that might influence pregnancy outcomes or confound umbilical
blood flow assessment (Figure 1).

Pregnant women with gestational
hypertensive admitted to our hospital
between January 2020 to December 2023
(n=125)

, Ultrasonographic detection of fetal malformations (n=3)
Vo Patients in active labor at the time of examination (n=2)

120 potential participants

Patients presenting with severe hypertensive
; complications (n=2)
Patients with additional systemic diseases (n=1)

117 potential participants

[ Patients with additional systemic diseases (n=4)
- Lost during follow-up process (n=2)

109 potential participants

-~ £

Control Group Observation
(n=62) Group (n=47)

Figure | Inclusion and Exclusion Flowchart.
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Examination Methods
Umbilical cord blood flow test: Cord blood flow was measured in late pregnancy in both groups. GE Voluson E10
4-dimensional color ultrasound machine (manufactured by GE Healthcare, Milwaukee, WI, USA; produced in 2014)
was used, with the probe frequency set at 3.5 MHz. The pregnant women emptied their bladders and lay down in a flat
position. The probe was placed on the abdomen to examine the development of fetal organs. At the same time, the sonogram
of umbilical artery blood flow is probed on the ventral side of the fetus, and the waveform is frozen when a typical and stable
waveform appears. The S/D, pulse index (PI) and resistance index (RI) of cord blood flow were recorded by the same
spectrogram with more than five peaks and valleys, and the average value was taken for three consecutive measurements.
Fetal heart rate monitoring: Fetal heart rate monitoring was performed in both groups using an MFM-CNSF200 fetal heart
rate monitor manufactured by Edan Instruments, Inc. (Shenzhen, China). The MFM-CNSF200 is a multi-function obstetric
monitor designed specifically for simultaneous recording of fetal heart rate and maternal uterine contractions. Key specifications
include: Model: MFM-CNSF200; Channels: 3-channel monitoring; Sampling Frequency: 4 hz with a resolution of 2 ms;
Display: 8-inch full-color LCD for clear visualization; Data Storage & Transfer: Built-in storage (1 GB capacity) with USB
connectivity for data export and subsequent analysis; Production Year: 2017. This monitor meets international quality and safety
standards, ensuring reliable performance in clinical obstetric applications. The pregnant women were placed in a semi-recumbent
position and underwent the non-stimulation test (NST) for 20 min, which was extended to 40 min in case of abnormality.

Observation Indicators

The prognosis of pregnant women and fetuses in the control and observation groups was compared. According to
whether the fetus was hypoxic or not, 109 cases were divided into the group of hypoxic fetus and normal fetus. The 109
cases of gestational hypertension were divided into the fetal growth restriction group and the normal fetal growth group
according to whether the fetal growth was restricted or not. Different parameters of umbilical blood flow (S/D, PI, RI)
were observed and compared between the intrauterine fetal hypoxia group and the intrauterine fetal normal group, as well
as between the fetal growth-restricted group and the fetal growth-normal group, respectively. The predictive value of
different parameters of umbilical cord blood flow in hypertensive pregnant women during pregnancy on intrauterine fetal
hypoxia and fetal growth restriction and their correlation with poor fetal prognosis were analyzed.

The fetal prognosis was as follows:

(1) Intrauterine fetal hypoxia: a. Fetal heart rate (FHR) < 120/min or > 160/min; b. There was variable deceleration,
late deceleration, abnormal oxytocin provocation test or uterine stress test on fetal heart monitoring; c. Acidosis was
present, when fetal scalp blood gas analysis showed a pH of less than 7.20, a partial pressure of arterial oxygen of less
than 10 mmHg, and a partial pressure of arterial carbon dioxide of more than 60 mmHg; d. The Apgar score of neonates
was <7 at 1 min after birth. The presence of any of the above was defined as intrauterine fetal hypoxia. (2) Fetal growth
restriction: a. Maternal uterine height and abdominal circumference <10th percentile by 3 weeks continuous measure-
ment; b. Fetal abdominal circumference and head circumference <10th percentile by ultrasound; ¢. The mean values of
fetal biparietal diameter and femoral length were less than 2 standard deviations. Fetal growth restriction is defined as
any of the above. (3) Diagnostic criteria for fetal heart rate monitoring: NST reactive is defined as a baseline fetal heart
rate of 120—160/min, fine variant amplitude of >6 beats per minute, or >3 fetal movements in 20 min, accompanied by
acceleration of the fetal heart rate with an amplitude of >15/min and a duration of >15s. NST unresponsive is defined as
a 40-min period of fetal heart rate monitoring with no fetal movement or no acceleration of the fetal heart rate in the case
of fetal movement, accompanied by the disappearance of the long variant of the baseline fetal heart rate. NST non-
responsive indicates abnormal fetal heart rate monitoring. The presence of intrauterine fetal hypoxia, fetal growth
restriction, or neonatal asphyxia was considered a poor prognosis for the fetus.

Statistical Methods

SPSS 27.0 was used to analyze all the data. Enumeration data were compared by > test and expressed as rate (%). The
measurement data were analyzed by independent sample ¢ test and expressed as (X + s). Receiver operating characteristic
(ROC) curve was used to analyze the predictive value of umbilical blood flow parameters in pregnant women with
gestational hypertension for intrauterine fetal hypoxia and growth restriction.
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Table 2 Comparison of Maternal and Fetal Outcomes of Gestational Hypertension with
Different Umbilical Blood Flow S/D

Outcomes Observation (n = 47) | Control (n = 62) ' P

Intrauterine Fetal Hypoxia 26 (55.32%) 4 (6.45%) 32.004 | <0.001
Fetal Growth Restriction 23 (48.94%) 14 (22.58%) 8.282 0.004
Neonatal Asphyxia 2 (4.26%) 2 (3.23%) 0.080 0.777
Caesarean Section 43 (91.49%) 40 (64.52%) 10.709 | 0.001
NST Non-Responsive 20 (42.55%) 4 (6.45%) 20.293 | <0.001

Table 3 Comparison of Different Parameters of Umbilical Blood Flow in
Intrauterine Fetus with or Without Hypoxia

Indicators | Intrauterine Fetal Hypoxia | No Hypoxia t P
(n =30) (n=179)

S/D 4.36 £ 1.49 268 £0.72 | 7915 | <0.001

Pl 1.39 £ 0.30 0.96 + 0.23 7.932 | <0.001

RI 0.75 + 0.08 0.61 £0.08 | 7.846 | <0.001

Results

Comparison of Maternal and Fetal Outcomes

Table 2 shows the maternal and fetal outcomes in the two groups. Compared with the observation group, the incidence of
intrauterine fetal hypoxia, fetal growth restriction, cesarean section and NST non-response was significantly decreased in the
control group (P < 0. 05). This result indicated that abnormal S/D value implied intrauterine hypoxia and growth restriction.

Intrauterine Fetal Hypoxia and Umbilical Blood Flow Parameters

Table 3 and Figure 2 demonstrate the results of cord blood flow parameters for both groups. S/D, PI and RI of umbilical
blood flow in intrauterine fetal hypoxia group were significantly higher than those in intrauterine fetal normal group (P <
0. 01). High S/D, PI and RI suggested intrauterine hypoxia.

Results of Pathological Features
S/D, PI and RI of umbilical blood flow in the intrauterine fetal growth restriction group were significantly higher than
those in the normal intrauterine fetal growth group (Table 4 and Figure 3, P < 0.05). High S/D, PI and RI may indicate

fetal growth restriction.

A B c "
1
Group e | Group Group
g Intrauterine fetal hypoxia & Intrauterine fetal hypoxia ¢ Intrauterine fetal hypoxia
No hypoxia No hypoxia No hypoxia
nirauterine fetal hypoxia No hypoxia ntrauterine fetal hypoxia  No hypoxia Intrauterine fetal hypoxia No hypoxia
Group Group Group

Figure 2 Comparison of S/D (A), Pl (B), and RI (C) between intrauterine hypoxic and non-hypoxic fetuses.
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Table 4 Comparison of Cord Blood Flow Parameters in Fetuses with or
Without Growth Restriction

Indicators | Growth Restriction | Normal Growth t P
(n=37) (n=172)

S/D 3.92 + 1.65 2.74 £ 0.70 5216 | <0.001

Pl 1.24 + 0.38 0.99 + 0.24 4.099 | <0.001

RI 0.70 £ 0.12 0.62 £+ 0.08 4,333 | <0.001

Effect of Umbilical Blood Flow Parameters on Fetal Hypoxia

ROC curve analysis showed that RI of cord blood flow in pregnant women with gestational hypertension had the highest
sensitivity in evaluating intrauterine fetal hypoxia. The specificity of S/D, PI and RI in predicting intrauterine hypoxia
was consistent (all 80%). And RI had the highest area under the curve (AUC, 0.881) in predicting intrauterine fetal
hypoxia (Table 5 and Figure 4).

Effect of Cord Blood Flow Parameters on Fetal Growth Restriction

ROC curve analysis showed that RI, S/D, and PI all demonstrated strong sensitivity values, and RI was the best (94.44%)
and AUC (0.719) in predicting fetal growth restriction, and PI had the highest specificity (59.46%) in predicting fetal
growth restriction (Table 6 and Figure 5).

Discussion
Hypertension in pregnancy is one of the major causes of adverse maternal and infant outcomes.'® The pathology is
characterized by spasm of small arteries throughout the body, increased vascular permeability, and plasma exudation
leading to hypercoagulability of the blood.'” In addition, atherosclerosis of the blood vessels at the myometrium and
meconium reduces the effective exchange area, resulting in impaired fetal-placental circulation, which seriously affects
the normal development of the fetus.”® The impaired circulation between the mother and the fetus is manifested by
changes in hemodynamic parameters. Fetal umbilical blood flow analysis is currently considered a safe method of
evaluating placental function, nutrition, metabolism and blood supply.>' Therefore, blood flow-related parameters can be
measured to reflect intrauterine fetal development in order to intervene in advance and improve pregnancy outcomes.
Ultrasound detection of fetal umbilical blood flow is a noninvasive and reproducible examination, which is widely
used in prenatal examination.*? It can reflect the umbilical hemodynamic correlation and characteristics of fetal-placental
circulatory resistance. Umbilical blood flow ultrasonography significantly improves the detection rate of intrauterine fetal
abnormalities and provides objective indicators of fetal growth in utero.”® The umbilical cord is the link between the
placenta and the fetus. In order to meet the needs of the growing fetus for more oxygen and nutrients, the resistance to
blood flow in the umbilical artery decreases with gestational age.”* The establishment of utero-placental circulation is
associated with pregnancy-induced hypercoagulability, platelets and their release of bioactive substances, and production

A 1004 B C il
| !
Group Group Group
04 Growth restriction & Growth restriction Growth restriction
Normal growth Normal growth 64 Normal growth
Growth re Growth restriction Normal growth Scowth restrict Normal growh

Norm:

S0

iction Normal grow : N o N
Group Group Group

Figure 3 Comparison of S/D (A), Pl (B), and RI (C) between fetal growth restriction and normal fetal growth. ***P < 0.001.
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Table 5 Evaluation of Fetal Hypoxia by Different Parameters of Umbilical Blood Flow

Indicators | Cutoff Value | AUC | Sensitivity (%) | Specificity (%) | Youden Index
S/D 3.275 0.879 86.08 80.00 0.661
Pl I.14 0.872 82.28 80.00 0.623
RI 0.695 0.881 87.34 80.00 0.673

of angiogenic factors by inflammatory cells.”® Hypercoagulability during pregnancy prevents women from miscarrying,
reduces labor bleeding, and protects placental function. Hypercoagulability at the utero-placental interface contributes to
placental hemostasis, but it may also make the placenta more susceptible to vascular complications.’® Low-pressure
blood flow between the villi can trigger fibrin deposition in the placental micro vessel, resulting in microinfarcts. Stasis
and hypoperfusion of the uteroplacental circulation may also lead to further thrombus formation in the umbilical vessels
and fetal circulation. Abnormalities in coagulation may affect utero-placental circulation, and inadequate perfusion of
terminal blood causes abnormal chorionic villus development and increased oxygen free radicals, leading to abnormal
activation of inflammation and endothelial cell dysfunction in the maternal circulation. To a certain extent, S/D value can
reflect the state of the uterus-placenta circulation, the changes in the general circulation of the fetus and the level of the
oxygen reserve of the fetus in the maternal circulation and the intrauterine condition.'” In normal pregnancy, the placenta
matures gradually with the increase in gestational weeks. Chorionic vessels thicken and increase, placental vascular
resistance decreases, umbilical blood flow S/D decreases, and blood flow increases to ensure blood supply for normal
fetal growth.?” The structure of placental chorionic vasculature changes as the disease progresses in pregnant women
with gestational hypertension. Decreased number of small arteries, deposition of fibrous material, and atherosclerosis
reduce blood flow between the fetus and the placenta, inhibit fetal growth and development, affect peak diastolic flow
velocity in the umbilical artery, and lead to an abnormal increase in S/D. In this study, we grouped pregnant women with
gestational hypertension according to umbilical blood flow S/D and found that the incidence of intrauterine fetal hypoxia,
fetal growth restriction, cesarean section, and NST unresponsiveness were lower in the control group than in the
observation group.
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s — PI (AUC = 0.872)
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Figure 4 ROC curve of different parameters of umbilical blood flow for fetal hypoxia.
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Table 6 Evaluation of Fetal Growth Restriction by Different Parameters of Umbilical

Blood Flow
Indicators | Cutoff Value | AUC | Sensitivity (%) | Specificity (%) | Youden Index
S/D 3.865 0.715 93.06 48.65 0.417
Pl 1.195 0.697 80.56 59.46 0.400
RI 0.745 0.719 94.44 48.65 0.431

Abnormal increase in umbilical blood flow S/D may indicate fetal hypoxia or growth restriction, and early intervention is
needed.”® In addition, PI and RI of cord blood flow are also effective indicators for evaluating fetal-placental circulation and
intrauterine fetal development. In this study, S/D, PI and RI of umbilical blood flow in the intrauterine fetal hypoxia group
were higher than those in the intrauterine fetal normal group, indicating that umbilical blood flow parameters have certain
value in evaluating the poor prognosis of fetus, which is consistent with the report of Hidaka.?® The higher S/D, RI and PI of
umbilical blood flow, the greater vascular resistance, the less blood flow, and the more serious intrauterine hypoxia, which
can cause adverse effects on fetal development and health. ROC curve analysis showed that the AUC of S/D, PI and RI of
cord blood flow in predicting intrauterine fetal hypoxia was 0.879, 0.872 and 0.881, respectively, and the sensitivity was
86.08%, 82.28% and 87.34%, respectively, indicating that different parameters of cord blood flow had high accuracy in
predicting intrauterine fetal hypoxia. This study also found that the S/D, PI and RI of umbilical blood flow in the fetal growth
restriction group were higher than those in the normal fetal growth group. The AUC of umbilical blood flow S/D, PI and RI
in predicting fetal growth restriction was 0.715, 0.697 and 0.719, respectively, and the sensitivity was 93.06%, 80.56% and
94.44%, respectively. It is suggested that umbilical cord blood flow parameters also have high value in the evaluation of fetal
growth restriction. Previous studies have found that umbilical blood flow S/D is associated with fetal growth restriction and
also with blood concentration in response to increased umbilical artery resistance. Fan pointed out that in patients with fetal
growth restriction, the placental blood flow circulation ratio was abnormally increased, the umbilical artery end-diastolic
blood flow was decreased, and the umbilical artery S/D, RI, and PI values were significantly increased.*”

In conclusion, the changes of fetal umbilical cord blood flow in pregnant women with gestational hypertension are
closely related to the severity of the disease, which has certain value in predicting fetal adverse outcomes such as hypoxia
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Figure 5 ROC curve of parameters of umbilical blood flow for fetal growth restriction.
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and growth restriction, and can provide objective evidence for the evaluation of the condition and pregnancy outcome of
pregnant women with gestational hypertension. However, there are still some shortcomings in this study, such as the
sample size of the included studies is small, and the adverse outcomes of pregnant women with different severity of
gestational hypertension are not further analyzed, which will reduce the credibility of the study to a certain extent. In the
future, large sample size studies are still needed to provide evidence.

Conclusion

In pregnant women with gestational hypertension, elevated umbilical cord blood flow parameters, specifically S/D, RI,
and PI, are indicative of fetal hypoxia and growth restriction. Our findings underscore the importance of early and
comprehensive monitoring of these indices as critical indicators of adverse intrauterine conditions. Early identification of
abnormal values can facilitate timely clinical intervention, thereby potentially improving fetal outcomes through
proactive management or, when necessary, timely termination of the pregnancy.
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