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Objectives—This study aimed to compare changes in ultrasonic Doppler param-
eters, particularly the peak ratio (PR) of the ophthalmic artery (OA) and optic
nerve sheath diameter (ONSD), in pregnancies complicated by fetal growth
restriction (FGR). Furthermore, it sought to evaluate differences in these param-
eters across various subgroups and analyze the cut-off value of PR for predicting
delivery within 1 week in pregnancies complicated by FGR.

Methods—A total of 62 pregnant women in the mid-to-late stages of gestation
were enrolled, comprising 31 participants in the FGR group and 31 in the con-
trol group. The general conditions, pregnancy outcomes, Doppler parameters of
the OA, and ONSD were compared between the two groups. Comparative anal-
ysis was performed to investigate differences in OA Doppler parameters and
ONSD across FGR subgroups. The predictive value of PR for delivery within
1 week was assessed using the area under the receiver operating characteristic
curve.

Results—The PR of the OA was significantly elevated in the FGR group com-
pared to the control group, demonstrating a statistically significant difference.
The threshold PR value for predicting delivery within 1 week was 0.565, with a
sensitivity of 0.88 and a specificity of 0.58.

Conclusions—The PR value of the OA in pregnant women with FGR is signifi-
cantly increased and may serve as a reliable predictor for pregnancies compli-
cated by FGR.

Key Words—fetal growth restriction; ophthalmic artery; optic nerve sheath;
ultrasonic Doppler

etal growth restriction (FGR) is a common complication of

pregnancy and is associated with various adverse outcomes,

including stillbirth, prematurity, neonatal morbidity and
mortality, as well as endocrine and metabolic alterations." The
incidence of FGR ranges from 3% to 9%, with mortality rates
between 5% and 20%.”* FGR is defined as the failure to achieve
the genetically determined potential size due to maternal, fetal,
placental, and other pathological factors. It is most commonly
manifested as a fetal ultrasound-estimated weight (EFW) or
abdominal circumference below the 10th percentile for the
corresponding gestational age and gender.’ Given the complex
and multifactorial etiology of FGR, current clinical management
primarily focuses on accurate diagnosis, enhanced surveillance, and
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symptomatic interventions. These include monitoring
fetal growth velocity and assessing Doppler blood
flow in the umbilical artery, middle cerebral artery,
and ductus venosus. Moreover, predicting fetal
metabolic acidosis is essential to enable timely
intervention and prevent irreversible organ damage
or mortality. Therefore, it is crucial for clinicians to
identify effective indicators that signal the occurrence
and severity of FGR.

The ophthalmic artery (OA), anatomically and
functionally similar to intracranial blood vessels, is
easily accessible during Doppler ultrasound examina-
tions. It can provide valuable insights into intracranial
circulation, which is otherwise challenging to evalu-
ate.” Compared to the Doppler waveforms of the
uterine and umbilical arteries, the OA waveform
includes a second systolic peak (P2), which results
from pulse-wave (PW) reflection in the arterial sys-
tem and its transmission to the cerebral circulation.”
Since PW reflection is modulated by vascular con-
striction or dilation, the amplitude of P2 may increase
or decrease.® Therefore, OA Doppler parameters not
only reflect intracranial blood perfusion but also pro-
vide insights into the constriction and relaxation of
small-to-medium arteries. The OA waveform is not
influenced by maternal obesity, making it easy to
obtain and advantageous for obstetric evaluations.”'’
Notably, the ratio of the second systolic peak to the
first systolic peak (P2SV/P1SV), known as the peak
ratio (PR), has garnered increasing attention. Recent
studies have demonstrated that the PR value is
significantly elevated in pregnant women with
preeclampsia.’ ™

The optic nerve, classified as the second cranial
nerve, is directly connected to the brain. Increases in
intracranial pressure result in cerebrospinal fluid accu-
mulation in the subarachnoid space surrounding the
optic nerve, leading to the dilation of the optic nerve
sheath.""'*  Ultrasonic ~measurement of optic
nerve sheath diameter (ONSD) is advantageous due
to its convenience and non-invasive nature.

The pathogenesis of FGR is complex, with many
cases associated with maternal factors. This study
compared the OA Doppler parameters and ONSD
measurements between pregnant women with FGR
and those with normal pregnancies. The objective
was to identify effective indicators that reflect the
presence, severity, and prognosis of FGR.
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Materials and Methods

This study was conducted between July 2022 and July
2024 at the Shanghai First Maternity and Infant Hos-
pital. Women meeting the following criteria were rec-
ruited: (1) age over 18years; (2) antenatal
examination at our hospital; (3) singleton pregnancy;
(4) absence of fetal malformations or chromosomal
abnormalities; and (5) diagnosis of FGR. Exclusion
criteria included a history of eye surgery.

The diagnostic criteria for FGR included a EFW
or abdominal circumference below the 10th percen-
tile for the corresponding gestational age.'” Gesta-
tional age was determined based on fetal crown-rump
length at 11-13 weeks or fetal head circumference at
19-24 weeks.'*'* Severe FGR was defined as EFW
or AC below the 3rd percentile for the corresponding
gestational age. Early-onset FGR was defined as FGR
manifesting before 32 weeks of gestation.

Ultimately, 31 women were included in the FGR
group, of whom 24 had severe FGR and 7 had mild
cases. Among these, 20 cases were classified as early-
onset FGR, and 11 were categorized as late-onset
FGR. The study was approved by the Ethics Commit-
tee of the Shanghai First Maternity and Infant Hospi-
tal Affiliated to Tongji University (KS22310).

Doppler Ultrasonic Parameter Measurement
Patients were positioned in the supine posture with
the head of the bed elevated by less than 20°. All
ultrasound examinations were performed using a GE
Voluson E10 ultrasound machine (GE Healthcare,
Zipf, Austria) equipped with a high-frequency linear
array probe to minimize power output. The probe
was coated with a thick layer of gel and gently placed
on the patients’ closed eyelids to avoid exerting pres-
sure on the eyeball. When the two-dimensional image
clearly displayed the dark region of the optic nerve
posterior to the globe, the Doppler sampling frame
was positioned 15-20 mm behind the eyeball to iden-
tify the red ribbon blood flow signal of the OA. The
probe was then slightly adjusted to ensure the angle
between the acoustic beam and the blood flow direc-
tion was less than 20°. Sampling was performed once
the optimal spectrum was identified.

The P1 systolic peak blood velocity (P1SV), P2
peak blood velocity (P2SV), end-diastolic blood
velocity (EDV), Pl peak systolic velocity/
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end-diastolic velocity (S/D), time-averaged maximum
velocity (TAMAX), resistance index (RI), and
pulsatility index (PI) of the OA were measured,
and the PR value was subsequently calculated. The
Doppler parameters for both the left and right oph-
thalmic arteries were measured, and the average value
was computed. Figure 1 illustrates the ultrasonic
Doppler waveform of the OA.

ONSD Measurement
Using the same patient positioning and probe, the
ONSD was measured 3 mm posterior to the optic
disc in both the sagittal and transverse planes of each
eye. The average of these measurements was then cal-
culated and recorded.

Figure 1. Ultrasonic Doppler waveform of the ophthalmic artery.
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Statistical Analysis

Statistical analysis was performed using SPSS 26.0
software. Normality tests were conducted for all
parameters. Quantitative data were presented as
means £ standard deviations. For normally distrib-
uted data, t tests were applied to compare the two
groups. For qualitative or quantitative data that did
not meet the normality assumption, non-parametric
tests were employed. The chi-square test was used to
compare the abnormal rates of Z-scores. Pearson cor-
relation analysis was utilized to evaluate the correla-
tion between PR values, P2SV, and gestational age at
the time of ultrasound. The predictive accuracy of
delivery within 1 week in the FGR group, based on
PR values, was assessed using the receiver operating
characteristic (ROC) curve and the area under the
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curve (AUC). A P-value of <.05 was considered statis-
tically significant.

Results

Baseline Characteristics of the Study Subjects

The clinical data of pregnant women and neonates
were compared between the FGR group and the con-
trol group. In the FGR group, gestational age at the
time of ultrasound, gestational age at delivery, 1- and
S-minute Apgar scores, and neonatal weight were sig-
nificantly lower compared to the control group. Con-
versely, the cesarean section rate, the proportion of
neonates with complications, and the rate of neonatal
intensive care unit (NICU) admissions were markedly
higher in the FGR group. These differences were statis-
tically significant. Refer to Table 1 for further details.

Comparison of Ultrasonic Doppler Parameters of the
Ophthalmic Artery and ONSD Between the FGR and
Control Groups

The analysis demonstrated that the P2SV and PR
values in the FGR group were significantly elevated
compared to those in the control group, with statisti-
cally significant differences observed (P < .0S). How-
ever, no significant differences were noted for the
other parameters. Refer to Table 2 for further details.
Furthermore, the P2SV and PR values were analyzed
for the overall population, as well as separately for the

FGR and control groups, to explore their correlation
with gestational age. The analysis revealed no signifi-
cant correlation between PR values and gestational
age at the time of imaging. However, a signiﬁcant
inverse correlation was observed between P2SV and
gestational age, with a correlation coefficient
of —0.301.

Comparison of Ultrasonic Doppler Parameters of the
Ophthalmic Artery and ONSD Between the Mild and
Severe FGR Groups

Among the 31 pregnancies complicated by FGR,
24 cases were classified as severe FGR, while 7 cases
were categorized as mild FGR. Comparative analysis
of the ultrasonic Doppler parameters of the OA and
ONSD between the mild and severe FGR groups rev-
ealed no statistically significant differences. Refer to
Table 3 for further details.

Comparison of Ultrasonic Doppler Parameters of the
Ophthalmic Artery and ONSD Between the Early-
Onset and Late-Onset FGR Groups

Among the 31 pregnancies complicated by FGR,
21 cases were classified as early-onset FGR, while
10 cases were classified as late-onset FGR. Compara-
tive analysis of the ultrasonic Doppler parameters of
the OA and ONSD between the early-onset and late-
onset FGR groups revealed no statistically significant
differences. Refer to Table 4 for further details.

Table 1. Comparison of Clinical Data

FGR Normal
Between the FGR Group and the Normal
Group (n =31) Group (n =31) P Group of Pregnant Women and Newborns
Maternal age (year) 3145 £+ 3.491 30.323 + 3.516 209
Gravidity 171+1131 1714+ 0.902 1.000
Parity 0.19 + 0.402 0.19 + 0.402 1.000
BMI (kg/m?) 2151+ 3.814 2136 +£2.753 .854
Gestational age at the time of 33.39 + 3.607 35.41 £+ 3.962 041
ultrasound
Gestational weeks at delivery 35.73 +£2.829 38.97 + 1.292 .000*
Cesarean section 26 (83.9%) 15 (48.4%) .003*
Newborn complication 15 (48.4%) 6 (19.4%) .016%*
Neonatal intensive care unit 16 (51.6%) 6 (19.4%) .008*
Apgar score at 1 minute 8.79 + 0.491 9.16 + 0.374 .002*
Apgar score at 5 minute 9.41 + 0.501 9.80 £ 0.402 .001*
Newborn weight (g) 2045.17 £+ 566.667 3124.84 + 356.068 .000*

Data are shown as mean + SD or number of participants (%); *P < .05.

1010

J Ultrasound Med 2025; 44:1007-1015



Table 2. Comparison of Ophthalmic Artery
Doppler Ultrasound Parameters and Optic
Nerve Sheath Diameter (ONSD) in
Pregnant Women From the FGR Group
Versus the Control Group

Table 3. Comparison of Ophthalmic Artery
Doppler Ultrasound Parameters and ONSD
Between the Mild and Severe FGR Groups

Table 4. Comparison of Ophthalmic Artery
Doppler Ultrasound Parameters and ONSD
Between the Late-Onset and Early-Onset
FGR Groups

Comparison of Ultrasonic Doppler Parameters of the
Ophthalmic Artery and ONSD Between FGR Cases
With and Without Hypertension-Related Disorders

In the FGR cohort, 11 pregnant women had com-
associated with hypertension,
1S exhibited no such comorbidities. Comparative

orbidities

J Ultrasound Med 2025; 44:1007-1015
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FGR Group (n = 16) Normal Group (n = 16) P
P1SV (cm/s) 38.67 +13.928 36.10 + 11.462 432
P2SV (cm/s) 24.89 +10.671 20.13 +£6.786 .040%*
PR 0.65 + 0.163 0.56 + 0.086 011
S/D 3.88 +1.266 4.42 +1.256 .096
Pl 155 + 0.544 179 +0.422 .055
RI 0.72 + 0.080 0.75 + 0.075 .092
EDV (cm/s) 10.625 + 4.130 8.66 + 3.836 .056
TAMAX (cm/s) 1752 + 7.098 15.57 + 5.436 230
ONSD (mm) 3.17 £ 0.395 324 +0.299 439
Data are shown as mean + SD; *P < .05.

Severe Group (n = 24) Mild Group (n =7) P
P1SV (cm/s) 39.07 + 15.647 37286 + 5.337 71
P2SV (cm/s) 2520 +11.815 23.84 +£ 5702 72
PR 0.65 + 0.172 0.64 + 0.138 .890
S/D 395 +1341 3.63 +£1.017 570
Pl 154 + 0.586 156 + 0.407 938
RI 0.72 + 0.079 0.70 £+ 0.087 .675
EDV (cm/s) 10.51 + 4.356 11.02 + 3.510 779
TAMAX (cm/s) 1740 + 7910 1790 + 4.434 874
ONSD (mm) 3.16 +£0.412 3.19 + 0.359 .884

Data are shown as mean =+ SD.

Early-Onset Group (n = 21)

Late-Onset Group (n = 10) P

P1SV (cm/s)
P2SV (cm/s)
PR

S/D

Pl

RI

EDV (cm/s)
TAMAX (cm/s)
ONSD (mm)

40.31 £+ 16.309
26.74 £ 12.161
0.67 4+ 0.181
3.80 £1.384
1.47 + 0.603
0.71+ 0.085
11.31 + 4.617
18.43 + 8.321
315+ 0.433

35214+ 5.999 0.350
20.99 £ 5.095 0.074
0.60 £ 0.106 0.144
4.04 £1.021 0.628
172 + 0.366 0.240
0.74 £ 0.066 0.359
9.18 £ 2.467 0.105
15.60 + 2.836 0.174
320 £0.319 0.748

Data are shown as mean =+ SD.

while

analysis revealed that PR values were significantly
elevated in the cohort with hypertension-related com-
orbidities compared to those without. Conversely, the
S/D and PI values were significantly reduced in
the former group, with these differences being statisti-
cally significant. Refer to Table S for further details.
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Table 5. Comparison of Ophthalmic Artery

HP Group (n = 11) Control Group (n = 15) P Doppler Ultrasound Parameters and ONSD
P1SV (cm/s) 3721 + 9.820 3779 + 9.022 878 in Pregnant Women With FGR Associated
P2SV (cm/s) 28.41 4+ 9573 21.86 + 8.551 079 With Hypertension-Related Disorders
PR 0.76 + 0.119 0.58 + 0.158 004  Versus Those Without Comorbidities
S/D 3.26 £ 0.753 434 +1.474 .025%
Pl 121 +£ 0.503 1.77 + 0.499 .010*
RI 0.68 + 0.064 0.74 £ 0.083 .052
EDV (cm/s) 11.75 4 3.398 9.70 +£ 4111 189
TAMAX (cm/s) 1771 + 7855 16.74 + 5.061 703
ONSD (mm) 327+ 0518 3.05+£0.281 186
Data are shown as mean =+ SD; *P < .05.
ROC Curve Analysis for Predicting Delivery Within Discussion

1 Week Using PR Values in Pregnant Women Over
28 Weeks Gestation

This study analyzed pregnancies complicated by FGR
that were beyond 28 weeks of gestation. As illustrated
in Figure 2, the ROC curve analysis demonstrated
that the AUC for PR was 0.743. The predictive cut-
off value for PR, indicating the likelihood of delivery
within 1 week, was determined to be 0.565, with a
sensitivity of 0.88 and a specificity of 0.58.

Figure 2. Receiver operating characteristic (ROC) curves of PR for
pregnant women with FGR.
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The pathogenesis of FGR remains unclear, with mul-
tiple contributing factors involving the mother, fetus,
and placenta. Some studies indicate that preterm
infants and women with preeclampsia share similar
pathophysiological characteristics, such as placental
intrauterine damage and endothelial injury. Further-
more, women with these pregnancy complications are
at an elevated long-term risk of developing cardiovas-
cular diseases.'®>’ Notably, a significant proportion
of women with preeclampsia also deliver infants with
FGR, suggesting potential similarities in the underly-
ing pathogenesis of these two conditions. Certain car-
diovascular monitoring parameters applicable to
preeclamptic women may, therefore, also be relevant
for mothers with FGR.

The OA, a medium-sized vessel in the human
arterial system, represents the first major branch of
the internal carotid artery upon entering the cranial
cavity. The Doppler ultrasound spectrum of the OA
is characterized by two systolic peaks, P1 and P2. P1
is generated by ventricular contraction, which pumps
blood from the aorta into the OA, while P2 results
from blood reaching smaller, higher-resistance periph-
eral arteries and reflecting back to the heart via the
aortic arch, with a portion of this wave entering
the OA. The initial systolic peak, P1, like other arte-
rial peaks, originates from ventricular contraction and
reflects the magnitude of ventricular contractility. In
contrast, P2SV is influenced by peripheral arterial
compliance and resistance, closely associated with
vascular compliance in medium-sized and small

J Ultrasound Med 2025; 44:1007-1015



arteries, while P1SV depends more on cardiac output.
Consequently, an elevated P2SV/P1SV ratio, or PR
value, may suggest increased peripheral vascular resis-
tance or reduced cardiac output.*>**

Numerous studies have demonstrated alterations in
OA parameters among pregnant women with preeclamp-
sia, including the pulsatility index (PI), resistance index
(RI), peak systolic velocity (PSV), and PR. Notably, pre-
eclamptic women exhibit a significant increase in PR
values, whereas outcomes for other parameters vary
across studies. However, there is a dearth of research
investigating the relationship between OA parameters
and FGR as assessed by Doppler ultrasound.

In a study by Abdel Azim et al, it was found that,
in pregnant women between 35 and 36 + 6 weeks,
the PR value among FGR mothers was significantly
higher than that of normal mothers, albeit to a lesser
degree than among preeclamptic mothers. It should
be noted that this study focused exclusively on
women at 35-36 + 6 weeks and compared only the
P1SV, P2SV, and PR parameters of the OA.> A pro-
spective study by Melo et al, involving 60 pregnant
women with FGR, reported significantly lower PI and
RI values in the FGR group compared to normal
pregnancies, while the PR value was significantly ele-
vated.”® Abdel Azim and Arechvo et al compared
FGR pregnancies without gestational hypertension or
preeclampsia to other pregnancies and found that the
PR values in the OA of FGR mothers were signifi-
cantly higher. However, they did not exclude preg-
nant women with gestational diabetes from the
control group, raising questions regarding the poten-
tial influence of this factor on the results.””*®

In the present study, pregnant women with FGR
and normal pregnancies were enrolled and stratified
based on the type and onset of FGR. The findings dem-
onstrated a significantly elevated PR value and P2SV in
the OA of the FGR group compared to the control
group, whereas no significant differences were observed
in PI, PR, and PISV values between the two groups.
These results suggest alterations in systemic microvascu-
lar conditions in FGR pregnancies, characterized by
reduced peripheral vascular compliance and increased
resistance, resembling changes observed in preeclampsia.

Further subgroup analysis was conducted based
on the presence of  hypertension-related
(HR) disorders or the absence of maternal complica-
tions in pregnancies with FGR. The results revealed a

J Ultrasound Med 2025; 44:1007-1015
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significantly higher PR value in the HR group com-
pared to the control group, along with markedly lower
S/D and PI values, suggesting that hypertension influ-
ences vascular compliance. Additionally, analysis of the
PR value in ophthalmic arteries of pregnant women
beyond 28 weeks of gestation indicated that a PR value
of 0.565 serves as an effective predictor for the likeli-
hood of delivery within 1 week, with a sensitivity of
0.88 and specificity of 0.58.

Comparative analyses of mild versus severe FGR,
as well as early-onset versus late-onset FGR, revealed
no statistically significant differences. It is plausible
that the limited sample size within each subgroup did
not provide sufficient power to detect significant dis-
tinctions. Validation of potential subgroup differences
will require larger-scale studies.

Furthermore, this study analyzed the ONSD in
pregnant women with FGR and normal pregnancies.
The results showed no statistically significant differ-
ences, indicating that FGR may not necessarily be
associated with changes in intracranial pressure.

The limitations of this study should be acknowl-
edged. Firstly, the absence of clear guidelines to differen-
tiate between small-for-gestational-age (SGA) infants
and those with FGR may have resulted in the inadver-
tent inclusion of healthy SGA infants. Second, the rela-
tively small sample size highlights the need for larger-
scale studies to confirm these findings. Additionally, the
gestational ages of the subjects at the time of ultrasound
were not matched between the two groups, potentially
raising concerns regarding the comparability of the mea-
sured values. Nonetheless, a correlation analysis—
conducted for the overall cohort and individual
groups—revealed no significant correlation between PR
values and gestational age at the time of imaging,
supporting the comparability of the data. Nevertheless,
matching gestational ages between groups would
enhance the robustness of the results. Finally, P2SV
demonstrated a slight negative correlation with gesta-
tional age within the FGR group, and this study does
not fully establish that P2SV in the OA of FGR pregnan-
cies differs from that of normal pregnancies.

Conclusion

Pregnant women with FGR demonstrate a signiﬁcant
increase in the PR value of the OA. This PR value
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possesses predictive significance for delivery within
1 week in late-stage pregnancies, with a cut-off value
of 0.56S. Therefore, the PR value may serve as a reli-
able indicator for identifying FGR fetuses and
predicting the timing of delivery.

Data Availability Statement

The datasets used and/or analyzed during the current
study are available from the corresponding author
upon reasonable request.

References

1. Kesavan K, Devaskar SU. Intrauterine growth restriction: postnatal
monitoring and outcomes. Pediatr Clin North Am 2019; 66:
403-423.

2. Moraitis AA, Wood AM, Fleming M, Smith GCS. Birth weight
percentile and the risk of term perinatal death. Obstet Gynecol
2014; 124(2 Pt 1):274-283.

3. Nohuz E, Riviere O, Coste K, Vendittelli F. Prenatal identification
of small-for-gestational age and risk of neonatal morbidity and still-
birth. Ultrasound Obstet Gynecol 2020; 55:621-628.

4. Francis JH, Permezel M, Davey MA. Perinatal mortality by
birthweight centile. Aust N Z ] Obstet Gynaecol 2014; 54:354-359.

5. Fetal growth restriction: ACOG practice bulletin, number 227.
Obstet Gynecol 2021; 137:¢16-€28.

6. Kane SC, Brennecke SP, da Silva Costa F. Ophthalmic artery
Doppler analysis: a window into the cerebrovasculature of women
with pre-eclampsia. Ultrasound Obstet Gynecol 2017; 49:15-21.

7. Gonser M, Vonzun L, Ochsenbein-Kélble N. Association of oph-
thalmic artery Doppler and maternal cardiac changes in preclinical
stage of pre-eclampsia: hemodynamic relationship. Ultrasound
Obstet Gynecol 2022; 59:402—404.

8. Gonser M, Vonzun L, Ochsenbein-Kolble N. Ophthalmic artery
Doppler in prediction of pre-eclampsia: insights from hemody-
namic considerations. Ultrasound ~Obstet  Gynecol 2021; S8:
145-147.

9. Kane SC, Dennis AT, Da Silva Costa F, Kornman LH, Cade TJ,
Brennecke SP. Optic nerve sonography and ophthalmic artery
Doppler velocimetry in healthy pregnant women: an Australian
cohort study. | Clin Ultrasound 2019; 47:531-539.

10.  O'Rourke MF, Adji A, Michel E, Safar ME. Structure and function
of systemic arteries: reflections on the arterial pulse. Am | Hypertens
2018; 31:934-940.

11. Dubourg J, Javouhey E, Geeraerts T, Messerer M, Kassai B. Ultra-

sonography of optic nerve sheath diameter for detection of raised

1014

12.

13.

14.

1S.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2S.

intracranial pressure: a systematic review and meta—analysis. Inten-
sive Care Med 2011; 37:1059—1068.

Dubost C, Le Gouez A, Jouffroy V, et al. Optic nerve sheath diam-
eter used as ultrasonographic assessment of the incidence of raised
intracranial pressure in preeclampsia: a pilot study. Anesthesiology
2012; 116:1066-1071.

Lees CC, Stampalija T, Baschat A, et al. ISUOG practice guide-
lines: diagnosis and management of small-for-gestational-age fetus
and fetal growth restriction. Ultrasound Obstet Gynecol 2020; S6:
298-312.

Robinson HP, Fleming JE. A critical evaluation of sonar “crown-
rump length” measurements. Br | Obstet Gynaecol 1975; 82:
702-710.

Snijders RJ, Nicolaides KH. Fetal biometry at 14-40 weeks™ gesta-
tion. Ultrasound Obstet Gynecol 1994; 4:34-48.

Chaiworapongsa T, Chaemsaithong P, Yeo L, Romero R. Pre-
eclampsia part 1: current understanding of its pathophysiology.
Nat Rev Nephrol 2014; 10:466-480.

Alsnes IV, Janszky I, Forman MR, Vatten LJ, @kland 1 A
population-based study of associations between preeclampsia and
later cardiovascular risk factors. Am J Obstet Gynecol 2014; 211:657.
el-7.

Brouwers L, van der Meiden-van Roest AJ, Savelkoul C, et al.
Recurrence of pre-eclampsia and the risk of future hypertension
and cardiovascular disease: a systematic review and meta-analysis.
Br ] Obstet Gynaecol 2018; 125:1642—-1654.

Gumina DL, Su EJ. Mechanistic insights into the development of
severe fetal growth restriction. Clin Sci 2023; 137:679-695.

Farah O, Nguyen C, Tekkatte C, Parast MM. Trophoblast
lineage-specific differentiation and associated alterations in pre-
eclampsia and fetal growth restriction. Placenta 2020; 102:4-9.

Li X, Li ZH, Wang YX, Liu TH. A comprehensive review of
human trophoblast fusion models: recent developments and chal-
lenges. Cell Death Dis 2023; 9:372.

Yinon Y, Kingdom JC, Odutayo A, et al. Vascular dysfunction in
women with a history of preeclampsia and intrauterine growth
restriction: insights into future vascular risk. Circulation 2010; 122
1846-1853.

Manten GT, Sikkema M]J, Voorbij HA, Visser GH, Bruinse HW,
Franx A. Risk factors for cardiovascular disease in women with a
history of pregnancy complicated by preeclampsia or intrauterine
growth restriction. Hypertens Pregnancy 2007; 26:39-50.

Mynard JP, Kowalski R, Cheung MM, Smolich JJ. Beyond the aorta:
partial transmission of reflected waves from aortic coarctation into
supra-aortic branches modulates cerebral hemodynamics and left
ventricular load. Biomech Model Mechanobiol 2017; 16:635-650.
Abdel Azim S, Sarno M, Wright A, Vieira N, Charakida M,
Nicolaides KH. Ophthalmic artery Doppler at 35-37 weeks’ gesta-
tion in pregnancies with small or growth-restricted fetuses. Ultra-
sound Obstet Gynecol 2022; 59:483-489.

J Ultrasound Med 2025; 44:1007-1015



26.

27.

Melo NA, Araujo Junior E, Helfer TM, et al. Assessment of mater-
nal Doppler parameters of ophthalmic artery in fetuses with
growth restriction in the third trimester of pregnancy: a case-
control study. | Obstet Gynaecol Res 2015; 41:1330-1336.

Abdel Azim S, Wright A, Sapantzoglou I, Nicolaides KH,
Charakida M. Ophthalmic artery Doppler at 19-23 weeks’

J Ultrasound Med 2025; 44:1007-1015

Chen et al—Ultrasound of the Ophthalmic Artery in FGR Pregnancies

28.

gestation in pregnancies that deliver small-for-gestational-age neo-
nates. Ultrasound Obstet Gynecol 2022; 60:52-58.

Arechvo A, Wright A, Nobile Recalde A, Liandro R, Charakida M,
Nicolaides KH. Ophthalmic artery Doppler and biomarkers of
impaired placentation at 36 weeks™ gestation in pregnancies with
small fetuses. Ultrasound Obstet Gynecol 2024; 63:358-364.

1015



	 Ultrasound Evaluation of the Changes of Ophthalmic Artery Doppler and Optic Nerve Sheath in Pregnant Women With FGR
	Materials and Methods
	Doppler Ultrasonic Parameter Measurement
	ONSD Measurement
	Statistical Analysis

	Results
	Baseline Characteristics of the Study Subjects
	Comparison of Ultrasonic Doppler Parameters of the Ophthalmic Artery and ONSD Between the FGR and Control Groups
	Comparison of Ultrasonic Doppler Parameters of the Ophthalmic Artery and ONSD Between the Mild and Severe FGR Groups
	Comparison of Ultrasonic Doppler Parameters of the Ophthalmic Artery and ONSD Between the Early‐Onset and Late‐Onset FGR Groups
	Comparison of Ultrasonic Doppler Parameters of the Ophthalmic Artery and ONSD Between FGR Cases With and Without Hypertensi...
	ROC Curve Analysis for Predicting Delivery Within 1Week Using PR Values in Pregnant Women Over 28Weeks Gestation

	Discussion
	Conclusion
	Data Availability Statement
	References


