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ABSTRACT

Background: First-trimester screening for preterm preeclampsia (PE) is often performed using
the Fetal Medicine Foundation (FMF) Bayes’ theorem-based competing-risks model, which
combines maternal factors with mean arterial pressure, uterine artery pulsatility index and
placental growth factor, with pregnancy-associated plasma protein-A included in some models.
Ophthalmic artery (OA) Doppler has been proposed as an additional marker of maternal vascular
adaptation, but its clinical contribution remains uncertain. This review critically evaluates the
predictive performance of first-trimester OA Doppler for early-onset and preterm PE, and assesses
its incremental value beyond established screening models.

Methods: A PRISMA-guided systematic review was conducted. Studies assessing first-trimester
OA Doppler in singleton pregnancies for the prediction of early-onset or preterm PE were
included. Risk of bias was assessed using PROBAST. Given heterogeneity in population risk,
Doppler indices, outcome definitions, and model structure, results were synthesized narratively.
Results: Five prospective cohoit iepoits, representing four unique cohorts, met the inclusion
criteria. In large unselected cohorts, OA Doppler showed limited standalone predictive value. Its
contribution within multivariable models was modest, with detection rates for preterm PE of
approximately 56-59% at a 10% false-positive rate. Smaller selected or mixed-risk cohorts
reported substantially higher discrimination, including AUROC values up to 0.98. However, these
estimates were based on few outcome events, lacked validation, and were most consistent with
overfitting. All reports had high risk of bias in the analysis domain; therefore, reported AUROC
and detection-rate estimates should be interpreted as exploratory.

Conclusions: Reported performance of first-trimester OA Doppler is strongly influenced by

population risk and model structure. Current evidence suggests limited standalone value and



uncertain incremental benefit beyond established screening. Future studies should use standardised
acquisition and reporting, consistent PE definitions and prespecified validation to enable data
pooling and determine whether OA Doppler has clinically meaningful incremental value.
Systematic review registration: PROSPERO CRD420261289728.

Keywords: ophthalmic artery Doppler; preeclampsia; first-trimester screening; prediction

model.

Background

Preeclampsia (PE) is a multisystem hypertensive disorder of pregnancy arising after 20 weeks’
gestation and remains a leading cause of maternal and perinatal morbidity and mortality
worldwide. It is commonly subclassified by gestational timing into early-onset (<34 weeks) and
late-onset (>34 weeks), or alternatively into preterm (<37 weeks) and term (=37 weeks) disease
(1-3). Early-onset PE carries a high burden of severe complications, including eclampsia, placental
abruption, and HELLP syndrome, contributing substantially to maternal and perinatal morbidity
and mortality. It also increases long-term cardiovascular and metabolic sequelae (4, 5). Globally,
PE affects 3-8% of pregnancies and remains a leading contributor to maternal deaths (6). Early
identification of high-risk pregnancies enables the initiation of preventive interventions, most
notably low-dose aspirin before 16 weeks’ gestation, which has been shown to significantly reduce
the incidence of early and preterm PE (7). Contemporary first-trimester screening models
integrating maternal risk factors, mean arterial pressure (MAP), uterine artery (UtA) Doppler, and
placental biomarkers such as placental growth factor (PIGF) achieve high detection rates (DR) for

early disease, although false-positive rates and implementation challenges remain (8-12).

Ophthalmic artery (OA) Doppler has emerged as a potential adjunctive marker, reflecting maternal

systemic and cerebral vascular adaptation. Doppler-derived indices - including pulsatility index



(PI), resistive index (RI), peak systolic velocity (PSV), and the PSV ratio (PSV2/PSV1) have been
reported to differ in pregnancies that subsequently develop PE (13) (Figure 1). Unlike placental
markers, OA Doppler may provide insight into maternal hemodynamic response, offering a

theoretically complementary dimension to prediction models.
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Figure 1. Schematic representation of ophthalmic artery Doppler assessment demonstrating the
transorbital ultrasound approach and the derivation of peak systolic velocity. Created in

BioRender. Blackwell, J. (2026) https://BioRender.com/zjSxsbw

However, the clinical relevance of OA Doppler remains uncertain. Existing studies report variable
predictive performance, and prior reviews have largely focused on descriptive summaries without

critically evaluating methodological limitations and confounding. It is unclear whether OA



Doppler meaningfully enhances prediction beyond established multiparametric screening

approaches (14-17).

Given the publication of recent reviews and the growing interest in OA Doppler as a maternal
vascular marker, a focused appraisal of the first-trimester evidence is timely. This review evaluates
first-trimester ophthalmic artery Doppler for prediction of early-onset and preterm PE,
distinguishes standalone performance from added value within established screening models, and
examines the methodological limitations that may inflate reported performance estimates.
Methods

Information Source and Search Strategy

A comprehensive literature search across PubMed, Embase, Scopus, Web of Science, the
Cochrane Library including supplementary searches of Google Scholar was done to identify
studies evaluating first-trimester OA Doppler for prediction of PE. MeSH terms and keywords
included combinations of “ophthalmic artery,” “Doppler,” “first trimester,” and “preeclampsia”
and other synonyms combined as appropriate using the Boolean operators "AND" and "OR”.
Searches covered database inception to January 2026, followed PRISMA guidelines, and were
PROSPERO-registered (CRD420261289728). The complete database search strings are provided
in Appendix A.

Eligibility Criteria

Eligible studies were peer-reviewed observational or prospective cohorts assessing first-trimester
OA Doppler (<14 weeks) in singleton pregnancies. Studies of non-OA Doppler, multifetal
pregnancies, post-diagnosis PE, term-only PE, or non-PE outcomes were excluded. Outcomes
focused on early and preterm PE with predictive metrics, compared against maternal factors, MAP,

UtA Doppler, and biochemical markers, see Table 1.



Table 1 Eligibility criteria for study inclusion and exclusion

Population

Intervention/Exposure

Comparator/Context

Outcome

Study Characteristics

Others

INCLUSION

Pregnant women in the first trimester (<14 weeks

gestation), singleton pregnancies

Maternal OA Doppler ultrasound, first-trimester

Doppler indices (e.g. PSV ratio, PR, PI, RI)

Prediction models with or without incremental
value; comparisons against maternal risk factors,
MAP, UtA Doppler, biochemical markers (e.g.
PIGF, Pregnancy-Associated Plasma Protein A

(PAPP-A))

Preterm PE (< 37 weeks), early-onset PE (where

reported), prediction performance metrics

(AUROC, DR, sensitivity/specificity)

Prospective or retrospective primary research;

observational cohort studies; first-trimester
screening studies; peer-reviewed full-text articles;

human studies

English language; sufficient methodological detail
for risk-of-bias assessment; clear gestational age

and outcome definition

EXCLUSION

Second- or third-trimester populations, non-pregnant
populations, multifetal pregnancies, post-diagnosis or

established PE cohorts

UtA Doppler only, other vascular imaging without OA

assessment, non-Doppler imaging (e.g. MRI, CT)

Studies with no predictive context, descriptive

physiology studies without comparison, purely

methodological or technical papers

Term PE only; outcomes without PE prediction (SGA,
GDM, neurological complications); studies reporting

Doppler changes after PE diagnosis

Systematic/narrative reviews, meta-analyses, conference
abstracts, protocols or methods-only papers, case
animal studies,

reports/case series,

reference-range/normative studies without outcomes

Abstract-only publications; insufficient data for
screening/extraction; duplicate publications without

distinct relevant analyses

Study Selection and Data Extraction
All records were imported into Covidence and screened by four reviewers (18). Two reviewers

independently extracted data using a pilot-tested form covering study design, population, OA



Doppler indices, comparator variables, outcomes, and predictive metrics. Disagreements were

resolved by consensus.

Note on terminology: Some studies reported predictive performance as area under the curve
(AUC), others as area under the receiver operating characteristic curve (AUROC). For narrative
synthesis, all measures are referred to as AUROC for consistency, while original terms are retained

in tables and direct quotes.

Risk of Bias Assessment

Risk of bias and applicability were assessed using the Prediction mode! Risk Of Bias ASsessment
Tool (PROBAST) across four domains: participants, predictois, outcomes, and analysis. Each
domain was rated as low, high, or unclear risk of bias. Assessments were performed independently

by two reviewers, with disagreements resolved by consensus (19).

Data Synthesis

Clinical and methodological heterogeneity across study populations, OA Doppler indices, outcome
definitions, and model structures precluded quantitative meta-analysis. Studies using different
first-trimester OA Doppler indices, including Gurgel-Alves et al., were retained. Findings were
therefore synthesised narratively, stratified by Doppler index, outcome (early-onset and preterm
PE), gestational age at assessment, and model context. Reports from overlapping cohorts were

treated as non-independent and not counted as independent validation or replication.

Results

Study Selection



A total of 1,212 records were identified, 354 duplicates were removed, leaving 858 for title/abstract
screening. After excluding 843, 15 full texts were assessed, and 10 were excluded for design,
population, or intervention issues. Five reports were included, representing four unique cohorts
because Gana (2022) and Gana (2025) were confirmed by author correspondence to derive from

the same cohort, see Figure 2.
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Figure 2. PRISMA 2020 flow diagram reporting selection of studies, adapted from Page et al
(20).

Study Characteristics

Five prospective observational cohort reports were included, conducted in tertiary referral centers

across Europe, South America, and Asia. These represented four unique cohorts because Gana



(2022) and Gana (2025) derived from the same Harris Birthright cohort and were treated as non-

independent reports. Sample sizes ranged from 311 to 4,066 participants. All studies performed

OA Doppler assessment predominantly in the first trimester. The Doppler indices assessed varied

across studies; however, PSV based indices, particularly PSV ratios, were most consistently

reported. Predictive performance was evaluated using the AUROC and DR at specified false-

positive rates (Table 2).

Table 2. Study characteristics of papers included in the systematic review

Author (year) Study center Study design Population Screening OA Doppler indices Prevalence
size period measured of PE (%)
Gurgel-Alves Department of Public Health ~ Prospective 440 August 2009 - PLRI PDI, PSV, PR 7
(2014) (22) State University of Ceara, observational cohort February 2011
Fortaleza, Ceard, Brazil
Gana (2022) Harris Birthright Research Prospective 1066 ~ June 2019 - PSVI, PSV2, PSV 28
(14); Centre for Fetal Medicine, observational cohort February 2021 ratio
King's College Hospital,
London, UK
Kusuma Harapan  Kita National I'fospective 946 August 2019 - PSVI1, PSV2, PSV 175
(2023) (17) Women and  Children observational cohort October 2020 ratio (reported as PR)
Hospital, ~West  Jakarta,
Indonesia
Gana (2025) Harris Birthright Research  Prospective 4054 June 2019 - PSVI, PSV2, PI, PSV 28
as); Centre for Fetal Medicine, observational cohort February 2022 ratio
King's College Hospital,
London, UK
Redishetty Department of Obstetrics  Prospective 311 Not reported PSV1, PSV2, PSV 1.6
(2025) (21) Medicine & Fetal Medicine, observational cohort ratio

Fernandez Foundation,

Hyderabad, India

Abbreviations: FMF, Fetal Medicine Foundation; OA, ophthalmic artery; PD1, first peak diastolic velocity; PE, preeclampsia; PI, pulsatility

index; PR, peak ratio; PSV, peak systolic velocity; PSV1, first peak systolic velocity; PSV2, second peak systolic velocity; RI, resistive index.
Gana (2022) and Gana (2025) were confirmed by author correspondence to derive from the same cohort and were treated as non-independent

reports.



Risk of Bias Assessment

Risk of bias was assessed using the PROBAST tool, see Figure 3. Across all included studies, risk
of bias was judged to be low in the domains of participants, predictors, and outcomes. All studies
were considered to have a high risk of bias in the analysis domain. Studies had small event numbers
and lacked validation. Consequently, the overall risk of bias was rated as high for all included
studies. Applicability concerns were considered low across domains.

Risk of Bias
D2 D3 D4 Overall

Gurgel-Alves (2014)

Gana (2022)

Kusuma (2023)

Gana (2025)

Redishetty (2025)

©0000:
9006 O
0006

)
&
&
x
X

D1 - Participants Judgemcj,nt
D2 - Predictor . High
D3 - Outcome B Unclear
D4 - Analysi

nalysis . .

Figure 3. Risk of Bias assessment of Included studies (14, 15, 17, 21, 22)

Gurgel-Alves et al. and Gana et al. evaluated OA Doppler in the context of multivariable
prediction models and compared its performance with established first-trimester screening
approaches (14, 22). Author correspondence confirmed that Gana (2022) and Gana (2025)
derived from the same cohort; these reports were therefore treated as non-independent evidence.
Kusuma et al. assessed the contribution of the PSV ratio within a comprehensive model
incorporating maternal factors, MAP, UtA-PI, and PIGF (17). Redishetty et al. evaluated HDP as

a composite outcome, of which only a small proportion represented PE (of 311 women, 32



developed HDP, including 5 with PE alone). This inclusion of heterogeneous hypertensive
disorders rather than isolated PE limits interpretability and comparability with other studies (21).
Across the included studies, see Table 3, the PSV ratio was the most frequently evaluated OA
Doppler index, while PD1 and PI were assessed less consistently. Reported predictive
performance varied widely across studies. OA Doppler generally demonstrated higher predictive
performance for early-onset and preterm PE compared to term disease. Larger, population-based
cohorts reported DR of approximately 56-59% at a 10% false-positive rate for preterm PE, with
multivariable models achieving AUROC values ranging from 0.75 to 0.86. Smaller or selected
cohorts reported higher DR, reaching up to 100% (17, 21, 22). Because all reports were at high
risk of bias in the analysis domain, these values should be interpreted as exploratory rather than

reliable estimates of clinical performance.

Table 3. Summary of OA Doppler indices and predictive performance for PE

Author Study Model Type Main OA  Outcome Gestational AUROC (95% DR Incremental value of OA
(year) Population index used assessed definition CI) (At 10% FPR) Doppler
Gurgel- High-risk /  Multivariable PD1 PE Early PE (<34 w), OA alone: OA alone: 16- Improved performance
Alves selected (maternal + Late PE (=34 w) Early PE: ~0.56 19% only when combined with
(2014) (22) cohort Doppler) Late PE: ~0.53 maternal factors; no
Early PE: ~11% significant advantage over
UtA-PI models
Late PE: ~22%
Gana General Competing risk ~ PSV ratio PE Preterm PE (<37 w), ~ Model: Early PE:  Early PE: ~56% Modest incremental
(2022) (14)f  population models Term PE (=37 w) ~0.865 Late PE: ~23.6%  improvement for preterm
(FMF Late PE: ~0.696 (preterm) PE; no benefit for term PE
cohort)

Kusuma Smaller / Bayesian PSV  ratio PE Early PE (<34 w), Early PE: 0.981 Early PE: 100% Apparent improvement
(2023) (17) selected multivariable (PR) Preterm PE (<37 w) Preterm PE: 0.919  Preterm PE: 71% likely due to overfitting; no
cohort model validation
Gana General Logistic+ ROC ~ PSV ratio & PE Early PE (<37 w), PSV ratio:  Not reported PSV  ratio outperformed
(2025) (15)f  population analysis PI Late PE (=37 w) Early PE: ~0.758 OA PI but required

combination with other




Late PE: ~0.627 markers

Redishetty Mixed risk  Multivariable PSV ratio HDP All gestations Model: 59.4%" Improved performance in
(2025) (21) cohort model (incl. PE) ~0.833" combined models;
outcome heterogeneity

limits interpretation

Definitions of early, preterm, and late pre-eclampsia vary across studies and are reported as per original publications.

+ AUROC and DR in Redishetty (2025) reflect combined model performance, not OA Doppler alone. { Gana (2022) and Gana (2025) were
confirmed by author correspondence to derive from the same cohort and were treated as non-independent reports. Abbreviations: AUROC, area
under the receiver operating characteristic curve; DR, detection rate; FMF, Fetal Medicine Foundation; FPR, false-positive rate; HDP, hypertensive
disorders of pregnancy; OA, ophthalmic artery; PD1, first peak diastolic velocity; PE, preeclampsia; PI, pulsatility index; PR, peak ratio; PSV, peak

systolic velocity; UtA-PI, uterine artery pulsatility index.

Discussion

Five prospective cohort reports representing four unique cohorts evaluated first-trimester OA
Doppler for prediction of PE. Overall, predictive performance was inconsistent and was more
favourable in small or selected cohorts than in larger, unselected populations. Standalone OA
measures performed poorly. Any apparent benefit was generally observed only when OA Doppler
was incorporated into multivariable models that already included established screening variables.
Where OA Doppler was evaluated independently, discriminatory ability was low, with AUROC
values of approximately 0.53-0.61 and DR of approximately 16-19% at a 10% false-positive rate.
Higher performance was reported only in multivariable models incorporating maternal factors,
MAP, UtA-PI, and PIGF. In larger cohorts, these models achieved AUROC values of
approximately 0.75-0.86 and DR for preterm PE of approximately 56-59%.

A clear difference was observed between large population-based cohorts and smaller studies with
few outcome events. The most striking estimates were reported in cohorts with limited event
numbers and no external validation, making overfitting a major concern. This was most evident in

the study by Kusuma et al., in which AUROC values of 0.981 for early-onset PE and 0.919 for



preterm PE, together with a 100% DR for early disease, were reported despite only nine early-
onset cases (17). Taken together, these findings suggest that the apparent promise of OA Doppler
may have been inflated in some studies and that its reproducibility in routine clinical practice
remains uncertain.

Pathophysiology and Clinical Significance

The observed variation in predictive performance across PE subtypes is biologically plausible.
Early-onset PE is primarily a placental disorder characterised by impaired trophoblast invasion
and inadequate spiral artery remodelling, leading to placental ischemia and systemic endothelial
dysfunction. In contrast, late-onset PE is more strongly influenced by maternal cardiovascular and

metabolic factors (2, 23, 24).

OA Doppler reflects maternal systemic and cerebral vascular adaptation rather than placental
pathology. This likely explains its relatively better performance in predicting early-onset and
preterm PE compared with term disease. For example, AUROC values for preterm or early PE
reached approximately 0.88 in multivariable models, compared with 0.76 for term PE (13, 15,

25).

Incremental value of OA Doppler

The extent to which OA Doppler adds to established first-trimester screening remains uncertain.
Several reports described better performance when OA Doppler was added to multivariable
models, but the gains were generally small, and model structures differed across reports. In larger
cohorts, improvements in DR were modest and were not seen consistently across PE phenotypes.
This weakens the case for OA Doppler as a clinically useful addition to established first-trimester

screening. For example, in Gurgel-Alves et al., models combining maternal factors with OA



Doppler achieved DR of 48%, compared with 58% when combined with UtA Doppler, with no
statistically significant difference in AUC between models. In Gana et al. (2022), addition of the
PSV ratio improved detection of preterm PE from 46.3% to 58.4% when added to maternal factors
alone, and from 65.9% to 70.6% in models already including maternal factors, MAP, and UtA-PI,
representing only modest incremental gains (14). The later Gana et al. (2025) report is from the
same cohort and was therefore not interpreted as independent validation of this finding. In
Redishetty et al., inclusion of OA Doppler (PSV ratio) improved DR for hypertensive disorders of
pregnancy from 56.3% to 59.4-62.5%, with corresponding AUROC values rising to ~0.83.
However, only 5 cases of PE were included, limiting conclusions on the specific predictive value
of OA Doppler for preterm PE; exclusion of this composite-outcome study did not alter the overall

conclusion that incremental value remains uncertain (21).

However, these improvements were inconsistently reported and primarily assessed using AUROC.
None of the included studies evaluated calibration, net reclassification improvement, or decision-
curve analysis (16). Second-trimester data also support improved detection when OA Doppler is
included (26). Conversely, third-trimester studies and late/term PE show little added value,
suggesting its utility is greatest in early and preterm disease, where maternal vascular adaptation
is critical (16). As a result, it remains unclear whether these modest statistical improvements
translate into meaningful clinical benefit. Current evidence therefore does not support a consistent
or clinically significant incremental value of OA Doppler beyond established first-trimester

screening models.

Methodological Considerations and Sources of Bias



All included studies were judged to be at high risk of bias in the analysis domain using PROBAST.
This was primarily driven by small numbers of outcome events (e.g., 9 early PE cases in Kusuma
et al.; 31 PE cases in Gurgel-Alves et al.; 32 HDP cases in Redishetty et al.), inadequate handling
of missing data, absence of internal or external validation, non-independence of the two Gana
reports, and the use of a composite HDP outcome in Redishetty et al. (17,21, 22). These limitations
substantially increase the risk of overfitting and inflation of predictive performance. As a result,
no reliable estimate of the predictive performance of first-trimester OA Doppler can be derived

from the current evidence base.

Confounding represents an additional limitation. Adjustment for low-dose aspirin use was
inconsistent, despite its known effect in reducing early-onset and preterm PE. Aspirin exposure
was reported in the Gana cohort at low frequency, but it was not clearly incorporated as a covariate,
treatment variable, or time-dependent factor in the final predictive models; the remaining reports
either did not report aspirin exposure or did not describe adjustment for it. Variation in population
characteristics, including baseline risk, comorbidities, and ethnicity, further contributes to

heterogeneity (27, 28).

Differences in outcome definitions and methodological approaches limit comparability across
studies. Early-onset PE was variably defined (e.g., <34 vs <37 weeks), and predictive approaches
included multivariable logistic/ROC models, FMF Bayes theorem-based competing-risk models,
and a Bayesian survival-time model. Additional heterogeneity arose from sample size, missing
data, Doppler acquisition protocols, gestational timing of assessment, and the use of different OA
indices or multiparametric combinations. Infection status was not reported in any included study;

therefore, potential confounding by COVID-19 could not be assessed. Collectively, these factors



contribute to variability in reported outcomes and should be considered when interpreting the

generalisability of findings.

Clinical Implications

Current evidence does not support the routine use of OA Doppler as a stand-alone screening tool
for PE. While OA Doppler provides insight into maternal vascular adaptation, its predictive
performance is insufficient when used in isolation and provides limited additional predictive
benefit.

However, OA Doppler may still have a role as part of a multimarker approach, particularly for
early-onset and preterm PE. Integration with maternal risk factors, MAP, UtA Doppler, and
biochemical markers may improve early risk stratification, but this requires validation in large,
representative cohorts using standardised methodologies. Implementation in clinical practice
would require clear demonstration of clinical utility, cost-effectiveness, and reproducibility, none
of which have been adequately addressed to date (29, 30).

Future Directions

Future research should prioritise large, multicentre studies with sufficient event numbers to ensure
statistical robustness and generalisability. Standardisation of OA Doppler acquisition protocols,
gestational timing, and outcome definitions is essential to reduce heterogeneity. Recent efforts to
establish gestational age-specific reference ranges for OA Doppler indices may improve

interpretation and facilitate integration into predictive models (31).

In addition, future studies should incorporate rigorous statistical methodologies, including internal
and external validation, calibration assessment, and evaluation of clinical utility using decision-

curve analysis and net reclassification improvement. Longitudinal assessment of OA Doppler



indices and maternal hemodynamics alongside established screening indices across early
pregnancy may provide further insight into dynamic maternal vascular adaptation and improve

prediction beyond single timepoint measurements.

Crucially, adjustment for key confounders must be systematically incorporated into future models.
Without addressing these methodological limitations, the true clinical value of OA Doppler will
remain uncertain. Collectively, these steps are necessary to determine whether OA Doppler can
evolve from an observational biomarker into a clinically meaningful component of first-trimester

PE screening.

Strengths and Limitations

This review has several strengths. It used a prespecified protocol, clear eligibility criteria, duplicate
screening and extraction, and structured risk-of-bias assessment with PROBAST. It also focused
on a clinically relevant question: whether first-trimester OA Doppler adds to established screening

for early-onset and preterm PL.



The review also has important limitations. Only five reports, representing four unique cohorts, met
the inclusion criteria; several had few outcome events, and all were at high risk of bias in the
analysis domain. None included robust external validation. The Gana (2022) and Gana (2025)
reports were confirmed to derive from the same cohort and were therefore not treated as
independent evidence. Redishetty et al. reported a composite HDP outcome rather than isolated
preterm or early-onset PE, with only five PE cases, and was retained only as contextual evidence;
excluding it did not change the overall conclusion. Differences in OA indices, study populations,
outcome definitions, model structures, and reported metrics limited comparability and precluded
meta-analysis. Restriction to English-language studies and the predominance of single-centre

cohorts may also limit generalisability.

Conclusions

Current evidence does not support the routine use of first-trimester OA Doppler for PE screening.
Although OA Doppler, particularly the PSV ratio, may provide limited additional information
within multivariable models, its standalone performance is weak. Available estimates are
undermined by small event numbers, heterogeneous outcome definitions, inconsistent model
structures, limited validation and high risk of bias in the analysis domain. Consequently, no reliable
pooled estimate of predictive performance or incremental clinical value can currently be derived
from the available evidence.

Future studies should adopt a standardised minimum framework to improve comparability and
enable eventual data pooling. At a minimum, studies should recruit clearly defined singleton first-
trimester populations, assess OA Doppler within a prespecified gestational window, and report
PSV1, PSV2 and the PSV ratio using consistent acquisition methods. They should also use

internationally accepted definitions of early-onset and preterm PE, report aspirin exposure and



other key confounders, and compare OA Doppler against established first-trimester screening
models incorporating maternal factors, MAP, UtA-PI and PIGF. Model development and
validation strategies should be prespecified, with calibration and clinical utility assessed before
implementation is considered. This standardisation is essential to determine whether OA Doppler
has clinically meaningful incremental value in first-trimester screening for PE.
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PSV Peak systolic velocity

PSV1 First peak systolic velocity

PSV2 Second peak systolic velocity

RI Resistive index

UtA Uterine artery
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APPENDICES

Full Database Search Strategies
The complete electronic search strategies used for each database are provided below.

PubMed:

(("Pre-Eclampsia" [Mesh] OR preeclampsial[tiab] OR pre-eclampsia[tiab] OR
"preterm preeclampsia"[tiab] OR "Hypertension, Pregnancy-Induced"[Mesh] OR
"hypertensive disorders of pregnancy"[tiabl)

AND ("Ophthalmic Artery"[Mesh] OR "ophthalmic artery"[tiab] OR "ophthalmic
doppler" [tiab] OR "ophthalmic artery doppler"[tiab])

AND ("Ultrasonography, Doppler"[Mesh] OR doppler[tiab] OR
ultrasonograph*[tiab] OR ultrasound|[tiab])

AND ("Pregnancy Trimester, First"[Mesh] OR "first trimester"[tiab] OR first-
trimester[tiab] OR "early pregnancy"[tiab]

OR (( "10 weeks"[tiab] OR "11 weeks"[tiab] OR "12 weeks"[tiab] OR "13
weeks" [tiab] OR "14 weeks"[tiab]

OR "10 wk"[tiab] OR "11 wk"[tiab] OR "12 wk"[tiab] OR "13 wk"[tiab] OR "14
wk" [tiab]

OR "10 wks"[tiab] OR "11 wks"[tiab] OR "12 wks"[tiab] OR "13 wks"[tiab] OR
"14 wks"[tiab])

AND (gestation*[tiab] OR pregnan*[tiabl]))))



Embase:

('preeclampsia'/exp OR 'preeclampsia':ti,ab,kw OR 'pre-eclampsia':ti,ab,kw OR
'hypertensive disorders of pregnancy':ti, ab, kw OR 'pregnancy-induced
hypertension':ti, ab, kw)

AND ('ophthalmic artery'/exp OR 'ophthalmic artery':ti,ab,kw OR 'ophthalmic
doppler':ti, ab, kw OR 'ophthalmic artery doppler':ti,ab, kw OR 'ocular
artery':ti,ab,kw OR 'transorbital':ti,ab,kw OR 'transorbital doppler':ti,ab,kw
OR 'ophthalmic artery pulsatility index':ti,ab,kw OR ‘'ophthalmic artery
resistance index':ti,ab,kw OR 'ophthalmic artery pi':ti,ab,kw OR 'ophthalmic
artery ri':ti,ab,kw OR 'oa doppler':ti,ab, kw)

AND ('doppler ultrasonography'/exp OR 'doppler':ti, ab, kw OR
'ultrasonograph*':ti,ab,kw OR 'ultrasound':ti,ab, kw)

AND ('pregnancy'/exp OR 'first trimester pregnancy'/exp OR 'first
trimester':ti,ab,kw OR 'first-trimester':ti,ab,kw OR 'early pregnancy':ti,ab, kw
OR 'first trimester screening':ti,ab,kw OR '11-14 weeks':ti,ab,kw OR '11-14
weeks':ti,ab,kw OR 'gestation*':ti,apb,kw OR 'pregnan*':ti, ab, kw)

Scopus:

TITLE-ABS-KEY ( ("pre-eclampsia" OR preeclampsia OR "hypertensive disorders of
pregnancy" OR "pregnancy induced hypertension"))

AND TITLE-ABS-KEY (("ophthalmic artery" OR "ophthalmic artery doppler" OR
"ophthalmic doppler" OR "ocular artery" OR transorbital OR "transorbital
doppler" OR "ophthalmic artery pulsatility index" OR '"ophthalmic artery
resistance index" OR "ophthalmic artery PI" OR "ophthalmic artery RI" OR "OA
doppler"))

AND TITLE-ABS-KEY ( (doppler OR ultrasonograph* OR ultrasound))

AND TITLE-ABS-KEY (("first trimester" OR first-trimester OR "early pregnancy" OR
"first trimester screening" OR "11-14 weeks" OR "11 14 weeks" OR gestation* OR

pregnan*))



Web of Science:

TS=(("pre-eclampsia" OR preeclampsia OR "hypertensive disorders of pregnancy"
OR "pregnancy induced hypertension"))

AND TS=(("ophthalmic artery" OR "ophthalmic artery doppler" OR "ophthalmic
doppler"™ OR "ocular artery" OR transorbital OR "transorbital doppler" OR
"ophthalmic artery pulsatility index" OR "ophthalmic artery resistance index"
OR "ophthalmic artery PI" OR "ophthalmic artery RI"™ OR "OA doppler"))

AND TS=((doppler OR ultrasonograph* OR ultrasound))

AND TS=(("first trimester" OR first-trimester OR "early pregnancy" OR "first
trimester screening" OR "11-14 weeks" OR "11 14 weeks" OR gestation* OR
pregnan*))

Cochrane Library:

#1 MeSH descriptor: [Pre-Eclampsial] explode all trees

#2 (preeclampsia OR pre-eclampsia OR "hypertensive disorders of pregnancy" OR
"pregnancy induced hypertension")

#3 #1 OR #2

#4 MeSH descriptor: [Ophthalmic Artery] explode all trees

#5 ("ophthalmic artery" OR "ophthalmic doppler")

#6 #4 OR #5

#7 MeSH descriptor: [Ultrasonography, Doppler] explode all trees

#8 (doppler OR ultrasonograph* OR ultrasound)

#9 #7 OR #8

#10 MeSH descriptor: [Pregnancy] explode all trees

#11 MeSH descriptor: [Pregnancy Trimester, First] explode all trees

#12 "first trimester" OR first-trimester OR "early pregnancy" OR "first
trimester screening” OR "11-14 weeks" OR "11 14 weeks" OR gestation* OR
pregnan*®

#13 #10 OR #11 OR #12



#14 #3 AND #6 AND #9 AND #13
#15 #9 AND #13

#16 #2 #15

#17 #6 AND #16

#18 #3 AND #9

#19 #18 AND #13
Google Scholar:

("pre-eclampsia" OR preeclampsia) AND ("ophthalmic artery" OR "ophthalmic
artery Doppler") AND (Doppler OR ultrasound) AND ("first trimester" OR "early

pregnancy" OR "11-14 weeks")
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