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ABSTRACT

Purpose To analyse retinal and choroidal
microvasculature features in healthy pregnant women
using optical coherence tomography angiography (OCTA).
Methods PubMed, Embase, Ovid, Web of Science and
Cochrane Library were searched for published studies
that compare retinal and choroidal microvasculature
characteristics between pregnant females and non-
pregnant females from inception to November 2023. The
statistics were continuous variables. They were presented
as the mean difference (MD) with a corresponding 95%
Cl. We used Review Manager software 5.4.1 for statistical
analysis.

Results A total of 5 eligible studies involving 219 eyes

in the pregnancy group and 186 eyes in the control group
were included in the meta-analysis. The pooled results
showed that the retinal deep capillary plexus vascular
density (DCP VD) measured by OCTA was significantly
higher in healthy pregnant women than in controls (MD
1.53; 95%Cl 0.62 to 2.44; 1>=0%; p=0.0009). However,
differences between the two groups in the retinal
superficial capillary plexus VD (SCP VD) (MD 0.41;95%Cl
—1.26 10 2.09; °=85%; p=0.63), the foveal avascular zone
(FAZ) (MD 0.01; 95% CI —0.01 to 0.03; >=14%; p=0.18),
the choriocapillaris VD (CC VD) (MD 0.76; 95%Cl —1.11 to
2.64; 1>=79%; p=0.43) were uncertain.

Conclusions Our meta-analysis found that the DCP VD
of healthy pregnant women was higher than that of non-
pregnant controls. However, differences in SCP VD, FAZ
and CC VD between the healthy pregnant women and the
non-pregnancy controls were uncertain. Our findings can
help to get a deeper understanding of retinal and choroidal
microvascular characteristics during pregnancy.

INTRODUCTION

Pregnancy is a physiological state which
causes a variety of anatomic and functional
body changes in several organ systems, such
as metabolic, cardiovascular, hormonal,
immunological and haematological systems."
These changes mainly aim to provide favour-
able conditions for fetal development. The
multiorgan changes induced by pregnancy
also can affect the eye. Previous studies
revealed that meibomian gland, cornea,
conjunctiva, crystalline lens, refractive state,
choroidal thickness (CT) can be affected in
pregnant women.”” In most cases, the above
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study systematically reviewed the retinal and
choroidal microvascular features during pregnancy.

= We assessed the evidence quality using the Grading
of Recommendations Assessment, Development
and Evaluation approach, which provided essential
information for primary outcomes.

= The total sample size in the included studies was
relatively small.

= There exists heterogeneity across the included
studies.

changes are reversible and temporary. They
are fully reversed in the months after delivery.
However, sometimes they can be patholog-
ical and permanent, such as central serous
chorioretinopathy, serous retinal detachment
during pregnancy and vascular changes due
to pre-eclampsia. Some studies speculated
that these changes may be attributed to
altered hormonal levels and altered ocular
blood flow.*®

The most significant systemic changes
during pregnancy are haemodynamic state
and hormone levels. Haemodynamic change
is mainly to meet the demand for increased
blood circulation. Plasma volume increases by
50% and reaches its peak at 32 weeks of gesta-
tion.'? Also, there is an increase in cardiac
output, peripheral vasodilation and a fall in
systemic vascular resistance.'! In addition,
another significant change during pregnancy
is hormone levels. Oestrogen, progesterone
and renin—angiotensin levels increase mark-
edly in pregnancy, which play an important
role in regulating vascular endothelial cells, as
well as the systemic and ocular vasculature. '

Previous research evaluated ocular vascular
changes during pregnancy, which mainly
focused on retinal and choroidal microcir-
culation.” ' Microcirculation is a system
consisting of arterioles, venules, capillaries
and arteriovenous anastomosis. Normal
microcirculation is the basis of retinal and
choroidal function. In addition, studying
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the microcirculation of the eye helps to understand the
vascular effects of systemic diseases. Optical coherence
tomography angiography (OCTA) is a non-invasive
technology that allows us to visualise the retinal and
choroidal vasculature without the need for intravenous
contrast agent and eye-drops. Some parameters can be
safely obtained using OCTA, such as retinal superficial
capillary plexus (SCP) vascular density (VD), retinal
deep capillary plexus (DCP) VD, foveal avascular zone
(FAZ) and choriocapillaris (CC) VD."® Some studies have
observed retinal and choroidal microvasculature features
in pregnant women using OCTA. However, because of
the limited sample size of the clinical trials, the outcomes
were inconsistent. Given the discrepancy, we performed a
detailed meta-analysis based on PICO (Population, Inter-
vention, Comparator, Outcome) questions to analyse
retinal and choroidal microvasculature features during
pregnancy and provide deep understanding of microvas-
culature changes in pregnant women. The detailed PICO
questions are shown in online supplemental material 1.

METHODS

Search strategy

This meta-analysis was performed in compliance with
the Cochrane Collaboration recommendations and
the results were reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. PubMed, Embase, Ovid,
Web of Science and Cochrane Library were searched for
published eligible studies from inception to November
2023. The search strategy was based on a combination
of terms: (1) "pregnancy” or "pregnant” or “gravid” or
“gravids” or “gestation” or “conception”; (2)”’retinal
microvasculature” or “choroidal microvasculature” or
“superficial capillary plexus” or “SCP” or “deep capillary
plexus” or “DCP” or “foveal avascular zone” or “FAZ” or
“choriocapillaris” or “CC” and (3) “optical coherence
tomography angiography” or “OCTA” (online supple-
mental file 2).

Study selection

In this meta-analysis, the inclusion criteria were as follows:
(1) Studies comparing retinal microvasculature features
or choroidal microvasculature features between pregnant
women and non-pregnant women. (2) The parameters in
the studies included SCP-VD, DCP-VD, FAZ and CC-VD.
(3) The parameters were measured by OCTA. (4) Case—
control studies involving human subjects. (5) Articles
published in English were considered qualified.

In this meta-analysis, the exclusion criteria were as
follows: (1) They were reviews, case reports, animal
studies, conference abstracts, comments, posters or
duplicate studies. (2) There are no sufficient data or
data could not be extracted. (3) The included pregnant
women and non-pregnant women were diagnosed with
certain systemic diseases, such as hypertension, diabetes,
pre-eclampsia, anaemia, etc.

Data extraction

Two authors independently extracted the data from the
included articles. If opinions diverged, disagreements
were resolved by consulting a third author and discussion.
According to the Cochrane Handbook, the following
data were extracted from the included studies: the first
author of each study, year of publication, country, the
study design, the number of enrolled participants, the
mean age, the gestation weeks, OCTA device and param-
eter results.

Quality assessment

Quality assessment of the included studies was performed
using the Newcastle-Ottawa Scale (NOS). The evalua-
tion criteria include subject selection (4 points), subject
comparability (2 points) and exposure assessment (3
points). The result of the quality assessment is a score
range of 0-9 points. Studies with a total score <4 points
were considered to be of low quality. The evidence quality
of outcomes were evaluated using the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) method. In terms of risk of bias, inconsistency,
indirectness, imprecision and publication bias, evidence
quality was divided into ‘high quality’, ‘moderate quality’,
‘low quality’ and ‘very low quality’.

Statistical analysis

The Review Manager (RevMan) software (V.5.3.1)
(Cochrane Collaboration, Oxford, UK) was used to
analyse the extracted data. Continuous variable statis-
tics were presented as the mean+SD, and mean differ-
ences (MDs) with its 95% CI were evaluated for pooled
effect. Heterogeneity among studies was assessed using
x? statistic test and I? statistic test. 1*>>50% was considered
to be statistically significant heterogeneity. A fixed-effect
model was adopted if there was no significant heteroge-
neity among studies (I°<50%), otherwise a random-effect
model was used. The publication bias was evaluated by
funnel plots. A p<0.05 was considered statistically signif-
icant. According to the distribution-based methods, we
considered the minimal clinically important difference
(MCID) as a difference of 0.85% in SCP VD, 0.46% in
DCP VD, 0.01 mm®*in FAZ, 0.96% in CCVD.'*'” When the
differences between healthy pregnant women and non-
pregnant controls were smaller than MCIDs, although
p<0.05, we considered the difference as small and not
clinically important.

Patient and public involvement
None.

RESULTS

Search results

The detailed flow chart of retrieval and screening process
is shown in figure 1. A total of 173 articles, including
91 studies potentially useful, were obtained from all
databases after duplicates were removed. Two reviewers
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Additional records
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studies involving
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with complications
(n=35)

study with
incomplete
parameters (n=1)

study in which
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eligibility (n=12) deviations (n=1)

L
Studies included
in qualitative
synthesis (n=5)
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Studies included
in quantitative

synthesis

(meta-analysis)

(n=5)
Figure 1 Flow diagram of study selection and search
results.

independently screened the titles and abstracts and
excluded 79 articles. Then, 12 articles were assessed for
qualified ones. These 12 records were screened for the

abstract and full text. Among them, five studies focused
on pregnant women with systemic complications, one
study had incomplete parameters and one study in
which statistics were not presented as mean+SD was also
excluded. Ultimately, five studies'®?* were selected for
inclusion. The five included articles were published from
2019 to 2023 and involved 219 eyes of pregnant women
and 186 control eyes of non-pregnant women. All these
studies were non-randomised comparative observational
studies. The extracted general characteristics of included
studies are shown in table 1.

Quality assessment

NOS quality assessment scores of the included studies
were 6-8. They were considered to be of fair to good
quality. The detailed quality assessment results of included
studies are displayed in table 1.

We used the GRADE method to evaluate the quality of
evidence for the primary outcomes: SCP VD, DCP VD,
FAZ and CC VD. According to five degradation factors,
namely risk of bias, inconsistency, indirectness, impreci-
sion and publication bias, the results suggested that the
evidence quality of SCP VD and CC VD was low and the
evidence quality of DCP VD and FAZ was moderate. The
detailed assessment results of evidence quality are shown
in table 2.

Meta-analysis

The retinal SCP VD analysis in pregnant women and controls

Four studies with a total of 360 eyes (197 eyes in the preg-
nancy group and 163 eyes in the control group) reported
the retinal SCP VD, but with significant heterogeneity
across studies (X2:20.54, p=0.0001, 1’=85%). The differ-
ence between the pregnancy group and the control group
was uncertain (MD 0.41; 95% CI -1.26 to 2.09; I’=85%;
p=0.63). The results are shown in figure 2.

The retinal DCP VD analysis in pregnant women and controls

Four studies with a total of 360 eyes (197 eyes in the preg-
nancy group and 163 eyes in the control group) reported
the retinal DCP VD. There was minimal heterogeneity
across studies (X2=O.14, p=0.99, I?’=0%). The retinal DCP
VD was significantly higher in pregnant women than in
controls (MD 1.53; 95% CI 0.62 to 2.44; 1°=0%; p=0.0009).
The results are shown in figure 2.

FAZ analysis in pregnant women and controls

Four studies with a total of 360 eyes (197 eyes in the preg-
nancy group and 163 eyes in the control group) reported
the FAZ, with minimal heterogeneity across studies
(XQ:S.BO, p=0.32, 12:14%). The difference between the
pregnancy group and the control group was uncertain
(MD 0.01; 95% CI -0.01 to 0.03; 1°=14%; p=0.18). The
results are shown in figure 2.

CC VD analysis in pregnant women and controls

Three studies with a total of 194 eyes (82 eyes in the preg-
nancy group and 112 eyes in the control group) reported
the CCVD. However, significant heterogeneity still existed
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Table 1 General characteristics of the included studies in the meta-analysis
Number of OCTA Pregnancy NOS
Study Country Study design eyes Age(years) device Scan size period (weeks) score
Yildirim et al'®  Turkey  Cross- Pregnancy: 40 Pregnancy: Optovue SCPVD, 34 (28-41) 7
sectional Controls: 40 28.80+5.27 DCPVD:
study Controls: 6x6mm
29.23+5.39 FAZ:
3x3mm
Hepokur et al'® Turkey  Prospective, Pregnancy: 97 Pregnancy: Optovue 6x6 mm 34.47+3.34 6
Cross- controls: 34 30.32+6.34
sectional Controls:
study 29.38+7.03
Pota and Turkey  Cross- Pregnancy: 41 Pregnancy: Topcon 6x6 mm 31+2 7
Apaydin® sectional Controls: 45  30.8+5.9
study Controls: 29.7+5.9
Chanwimol et  USA Prospective,  Pregnancy: 19 Pregnancy: 36+7 Optovue 3x3mm 33+3 7
al”’ case-control  Controls: 44 Controls: 35+8
study
Su et a*? USA Prospective, ~ Pregnancy: 22 Pregnancy: Heidelberg 10°x10°  33%3.59 7
case—control  Controls: 23 32.27+6.96
study Controls:
30.08+5.49

DCP VD, deep capillary plexus vascular density; FAZ, foveal avascular zone; NOS, Newcastle-Ottawa Scale; OCTA, optical coherence

tomography angiography; SCP VD, superficial capillary plexus VD.

(%*=9.69, p=0.008, 1°=79%). The difference between the
pregnancy group and the control group was uncertain
(MD 0.76; 95%CI -1.11 to 2.64; I°=79%; p=0.43). The
results are shown in figure 2.

DISCUSSION

In the present study, we compared the retinal and
choroidal microvascular features in pregnant women and
non-pregnant controls using meta-analysis. Some previous
studies have observed and elucidated the difference, but
the results were controversial.'*** This study proved and
expanded previous research to improve the quality of the
evidence. As far as we know, this is the first meta-analysis
study that reports the retinal and choroidal microvas-
cular features detected by OCTA during pregnancy. This
meta-analysis indicates that the DCP VD of the healthy
pregnant women was significantly higher than that of the
non-pregnant controls. However, uncertain difference

was observed in retinal SCP VD, FAZ and CC VD between
healthy pregnant women and non-pregnant controls.

In humans, pregnancy is accompanied by dramatic
changes in hemodynamics, levels of various hormones
and vasoactive metabolites. It has been suggested that
haemodynamic changes during pregnancy occur through
autonomic control mechanisms."! Furthermore, the
sympathetic nervous system plays a role in haemodynamic
homeostasis during pregnancy. Previous studies have
proposed thatafall in systemic vascular tone primarily trig-
gered maternal haemodynamic adaptation to pregnancy.
Cardiac output rises 40% during pregnancy responding
to this decrease in systemic vascular resistance and the
increase of blood volume.* The peripheral arterial vascu-
lature is maintained in a active vasodilation condition by
continuous synthesis of endothelium-derived nitric oxide
formed from L—zurginine.12 #2 As we know, pregnancy per
se can lead to sympathetic activation despite a normal

Table 2 Evaluation of GRADE evidence quality

Outcome Risk of Publication Upgrade

indicators MD, 95%CI bias Inconsistency Indirectness Imprecision bias quality Quality
SCP VD 0.41 (-1.26 t0 2.09) Serious* Serioust No No Undetected None Low

DCP VD 1.53 (0.62 to 2.44)  Serious® No No No Undetected None Moderate
FAZ 0.01 (-0.01 t0 0.03) Serious* No No No Undetected None Moderate
CC VD 0.76 (-1.11 t0 2.64) Serious* Serioust No No Undetected None Low

*Absence of allocation concealment and blinding.
+The p value of the heterogeneity test was <0.1 and 1>>50%.

CC VD, choriocapillaris vascular density; DCP VD, deep capillary plexus VD; FAZ, foveal avascular zone; GRADE, Grading of
Recommendations Assessment, Development and Evaluation; MD, mean difference; SCP VD, superficial capillary plexus VD.
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pregnancy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.1.1SCP VD
Abdulmutalip2020 52.8 2.6 40 52.03 KRCH 40 251% 0.77 [-0.53, 2.07] -1 =
Cisil2023 425 3 41 40 2 45 26.3% 2.50(1.41,3.59) =
Karntida20189 479 33 19 49.7 31 44 224% -1.80[-3.54,-0.06] — =
Mustafaz021 52.78 25 97 5291 2.96 34 262%  -0.13[1.24,098) .
Subtotal (95% ClI) 197 163 100.0% 0.41[-1.26, 2.09] e R—
Heterogeneity: Tau®= 2.45; Chi*= 20.54, df= 3 (P = 0.0001); F= 85%
Test for overall effect: Z=0.49 (P = 0.63)
1.1.2DCP VD
Abdulmutalip2020 57.73 6.12 40 56.54 5.44 40 12.8% 1.18[1.35,3.73]
Cisil2023 454 35 41 438 21 45 539% 1.60[0.37, 2.83) ——
Karntida2019 555 3.9 19 53.8 35 44 19.8% 1.70 [-0.34, 3.74] T
Mustafa2021 58.82 4.95 97 587.5 6.72 34 13.5% 1.32[1.14,3.78)
Subtotal (95% Cl) 197 163 100.0%  1.53[0.62,2.44] .
Heterogeneity: Tau®*= 0.00; Chi*=0.14, df= 3 (P =0.99), F=0%
Test for overall effect: Z= 3.31 (P = 0.0009)
1.1.3FAZ
Abdulmutalip2020 0.33 0.1 40 0.28 0.1 40 19.0% 0.05[0.01, 0.09] r
Cisil2023 0.2996 0.0686 41 0.2884 0.0626 45  40.3% 0.01 [-0.02, 0.04] [n
Karntida2019 0.3 0.1 19 0.3 0.1 44 131% 0.00 [-0.05, 0.05]
Mustafa2021 0.29 0.09 97 0.29 0.08 34 277% 0.00 [-0.04, 0.04] b
Subtotal (95% CI) 197 163 100.0% 0.01[-0.01, 0.03]
Heterogeneity: Tau®= 0.00; Chi*=3.50,df=3 (P=0.32); F=14%
Testfor overall effect. Z=1.35{(P=0.18)
1.1.4CCVD
Cisil2023 521 2.9 41 49.7 23 45 37.6% 2.401[1.29, 3.51) —
Karntida2018 41.14 223 19 4081 2.8 44  358% 0.33[-0.97,1.63] B L —
Suz020 54.06 3.95 22 5502 3.78 23 266%  -0.96[3.22,1.30) "
Subtotal (95% ClI) 82 112 100.0% 0.76 [-1.11, 2.64] ——enERe—
Heterogeneity: Tau®= 2.12; Chi*= 9.69, df= 2 (P = 0.008); F=79%
Test for overall effect: Z=0.80 (P =0.43)

4 2 o0 2 4

Test for subaroun differences: Chi*=11.57. df=3(P=0.009. F=74.1%

pregnancy control

Figure 2 Forest plot for superficial capillary plexus vascular density (SCP VD), deep capillary plexus VD (DCP), foveal
avascular zone (FAZ) and choriocapillaris (CC) VD between healthy pregnant women and non-pregnant controls.

blood pressure. However, In contrast with the sympa-
thetic activation, peripheral vascular resistance was found
to be lower in normal pregnant women than that in non-
pregnant women. Oestrogen may weaken the impact of
sympathetic activation on vascular resistance through
local mechanisms in humans.**

The regulation of the ocular circulation is complex.
There are substantial differences between retinal circu-
lation regulation and choroidal circulation regulation.
Retinal blood flow is mainly determined by autoregula-
tory mechanisms and local factors while choroidal blood
flow is mainly controlled by autonomic innervation.
The flow through a vascular bed is determined by both
perfusion pressure and vascular resistance. However,
several studies have suggested that the influence of a
moderate change in perfusion pressure on retinal blood
flow is negligible. So it can be inferred that mechanisms
in the retinal circulation that adapt vascular resistance
to changes in perfusion pressure make retinal blood
flow constant. Unfortunately, the detailed mechanisms
are not yet fully understood. In contrast with retina, the
choroidal circulation is mainly under neurogenic control

and is not autoregulated. Some researches revealed that
electrical stimulation of sympathetic and parasympathetic
nerves had an effect on choroidal perfusion.***

This meta-analysis indicates that the DCP VD of the
healthy pregnant women was significantly higher than
that of the non-pregnant controls, but uncertain differ-
ence was observed in retinal SCP VD and FAZ between
healthy pregnant women and non-pregnant controls.
Retinal circulation is characterised by lower blood flow
than that of choroid. Retinal circulation lacks autonomic
innervation, which shows efficient autoregulation and is
mainly affected by local factors. In addition, the influence
of hormones and neurotransmitters on retinal vascular
resistance is generally supposed to be negligible because
of the blood-retinal barrier. Although pregnancy is asso-
ciated with a decrease in vascular resistance and dramatic
increase in blood volume, blood flow in retina is always in
a constant state by autoregulation. In our meta-analysis,
the difference in SCP VD and FAZ between healthy preg-
nant women and non-pregnant controls was uncertain.
This result was consistent with the characteristics of retinal
blood flow regulation. On the contrary, DCP VD of the
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pregnant women was significantly higher than in the non-
pregnant controls, which meant higher DCP blood flow
during pregnancy. Histological data from humans and
other mammalian species have illustrated great variations
in the density and laminar structure of the superficial
and deep retinal capillary networks.?’”* Chandrasekera
et al reported that capillaries composing the SCP were
derived directly from precapillary arterioles and drained
directly into postcapillary venules while no evidence was
found where precapillary arterioles connected directly to
capillaries composing the DCP. Furthermore, in the same
plane as the SCP, there were major branches of the retinal
artery and vein, while at the level of the DCP, segments
of retinal arterioles and venules were not seen, and the
DCP was characterised by numerous closed vascular
loops. Not only that, available data supported a model in
which major arterial inflow occurs at the level of the SCP
while venous outflow preponderantly tracks through the
DCP.* In pregnancy, there is an increase in DCP perfu-
sion density. The possible reason is that venous dilation
secondary to increased blood volume and higher nitrous
oxide levels predominantly occurs in DCP. The series and
parallel organisation of peripapillary capillary plexuses
may also make SCP and DCP different haemodynamics
characteristics.”

The choroid is a complex structure consisting of
vascular and stromal components, which are involved in
physiological function and provides oxygen and nutri-
tion for the outer layer of the retina.'® In the choroid,
the flow per perfused volume is higher than any other
human tissue, and choroidal blood supply provides 85%
of total ocular blood flow.”” In addition, the ability of
the choroidal vasculature to regulate its blood flow is far
more restricted than that of retina because of the absence
of glial cells, the considerably reduced pericyte ensheath-
ment of the choroidal vasculature and the lack of inter-
mediate filaments in choroidal pericytes.*® Therefore, the
anatomical and functional characteristics of choroid may
make it susceptible to the changes in haemodynamics
during pregnancy. However, uncertain difference was
found in CC VD between healthy pregnant women and
non-pregnant controls. Jiang et al”® reported that the CT
of the healthy pregnant women was significantly higher
than that of the non-pregnant women. However, Su et al**
found that there was no significant difference between
the pregnant and control groups in subfoveal CTs,
Choroidal Vascularity Index or choriocapillaris flow defi-
cits (CC FD). When calculating CC VD, both the vascular
and interstitial components of the choroid are taken into
consideration. Therefore, CC VD was believed to be more
trustworthy and less affected by confounding factors such
as intraocular pressure, axial length and systolic blood
pressure than CT.* What’s more, pregnancy-induced
hormone changes may get involved. Oestrogens exert an
influence on vasodilation while progesterone and renin—
angiotensin increase the resistance of the ophthalmic
artery and its branches. Hence, the mixed effects of
hormones may lead to uncertain changes in the choroid,

such as hyperperfusion, hypoperfusion of the choroid or
no change at all.

Our study has some limitations. First, the total sample
size in the included studies was relatively small, which
may make the quality of the evidence relatively low.
Second, the pregnancy period of the included data was
difficult to guarantee the consistency. At different preg-
nancy periods, changes in the retinal and choroidal
microvasculature may be different. If there are enough
data that focus on different pregnancy periods, further
meta-analysis can be conducted. Third, except for preg-
nancy period, there still exists heterogeneity across the
included studies. The potential causes of the heteroge-
neity may be study designs, eye condition (such as the
dioptres of the eyes and the intraocular pressures), the
type of OCTA devices used to obtain the metrics, algo-
rithms used by the different OCTA device and different
scan size. The heterogeneity of the included studies may
threaten the validity and reliability of results. However,
because of possible incomplete reporting of data, we
cannot perform meta-regression to illuminate the source
of heterogeneity.

In conclusion, our meta-analysis found that the DCP VD
of healthy pregnant women was higher than that of non-
pregnant controls. However, the SCP VD, FAZ and CC VD
came to the opposite conclusion; uncertain difference
was found between the healthy pregnant women and the
non-pregnancy controls. Our meta-analysis revealed more
convincing results by a larger sample size compared with
the individual studies. In addition, our findings can help
to get a deeper understanding of retinal and choroidal
microvascular characteristics during pregnancy.
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PICO Question

1 Is there significant difference in SCP VD measured by OCTA between healthy
pregnant women and non-pregnant controls?
2 Is there significant difference in DCP VD measured by OCTA between healthy

pregnant women and non-pregnant controls?

3 Is there significant difference in FAZ measured by OCTA between healthy
pregnant women and non-pregnant controls?

4 Is there significant difference in CC VD measured by OCTA between healthy
pregnant women and non-pregnant controls?

Table2 PICO Questions PICO, Population, Intervention, Comparator, Outcome; OCTA, optical
coherence tomography angiography; SCP VD, superficial capillary plexus vascular density;
DCP VD, deep capillary plexus vascular density; FAZ, the foveal avascular zone; CC VD,
choriocapillaris vascular density.
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Search strategy

The search strategy for PubMed database:

#1 pregnancy[Mesh]

#2 pregnant[Title/Abstract] OR gravid[Title/Abstract] OR gravids[Title/Abstract] OR
gestation[Title/Abstract] OR conception[Title/Abstract]

#3 #1 OR #2

#4 retinal microvasculature[Title/Abstract] OR choroidal microvasculature[Title/Abstract] OR
superficial capillary plexus [Title/Abstract] OR SCP [Title/Abstract] OR deep capillary plexus
[Title/Abstract] OR DCP [Title/Abstract] OR foveal avascular zone[Title/Abstract] OR
FAZ[Title/Abstract] OR choriocapillaris [Title/Abstract] OR CC [Title/Abstract]

#5 optical coherence tomography angiography[Title/Abstract] OR OCTA[Title/Abstract]

#6 #4 OR #5

#7 #3 AND #6

The search strategy for Embase database:

#1 ‘pregnancy:abtti OR ‘pregnant:ab,ti OR ‘gravid:abiti OR ‘gestationab,ti OR
‘conception”ab,ti

#2 ‘retinal microvasculatureab,ti OR ‘choroidal microvasculature’:ab,ti OR ‘superficial
capillary plexus’ab,ti OR ‘SCP":ab,ti OR ‘deep capillary plexus’:.ab,ti OR ‘DCP:.ab,ti OR ‘foveal
avascular zone:ab,ti OR ‘FAZ":ab,ti OR ‘choriocapillaris:ab,ti OR ‘CC’:abti

#3 ‘optical coherence tomography angiography’:ab,ti OR ‘OCTA"ab,ti

#4 #2 OR #3

#5 #1 AND #4

The search strategy for Ovid database:

#1. TS=("pregnancy” OR “pregnant” OR “gravid” OR “gravids” OR “gestation” OR “conception”)
#2. TS=("retinal microvasculature” OR “choroidal microvasculature” OR “superficial capillary
plexus” OR “SCP” OR “deep capillary plexus” OR “DCP” OR *“foveal avascular zone” OR
“FAZ" OR “choriocapillaris” OR “CC")

#3. TS=("optical coherence tomography angiography” OR “OCTA")

#4 #2 OR #3

#5 #1 AND #4

The search strategy for Web of Science database:

#1 Pregnancy (Topic) OR pregnant (Topic) OR gravid (Topic) OR gravids (Topic) OR gestation
(Topic) OR conception (Topic)

#2 retinal microvasculature (Topic) OR choroidal microvasculature (Topic) OR superficial
capillary plexus (Topic) OR SCP (Topic) OR deep capillary plexus (Topic) OR DCP (Topic) OR
foveal avascular zone (Topic) OR FAZ (Topic) OR choriocapillaris (Topic) OR CC (Topic)

#3 optical coherence tomography angiography (Topic) OR OCTA (Topic)

#4 #2 OR #3

#5 #1 AND #4

The search strategy for Cochrane Library:

#1 MeSH descriptor: [pregnancy] explode all trees

#2 (gravid):ti,ab OR (gestation):ti,ab OR (conception):ti,ab

#3 #1 OR #2

#4 (retinal microvasculature):tiab OR (choroidal microvasculature):tiab OR (superficial
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capillary plexus):ti,ab OR (SCP):ti,ab OR (deep capillary plexus):tiab OR (DCP):ti,ab OR (foveal
avascular zone):ti,ab OR (FAZ):ti,ab OR (choriocapillaris):tiab OR (CC):ti,ab

#5 (optical coherence tomography angiography):tiab OR (OCTA):ti,ab

#6 #4 OR #5

#7 #3 AND #6

Zhang P, et al. BMJ Open 2024; 14:e087319. doi: 10.1136/bmjopen-2024-087319



	Retinal and choroidal microvascular features during pregnancy: a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Methods
	Search strategy
	Study selection
	Data extraction
	Quality assessment
	Statistical analysis
	Patient and public involvement

	Results
	Search results
	Quality assessment
	Meta-analysis
	The retinal SCP VD analysis in pregnant women and controls
	The retinal DCP VD analysis in pregnant women and controls
	FAZ analysis in pregnant women and controls
	CC VD analysis in pregnant women and controls


	Discussion
	References


