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Purpose: To study the choroid in uncomplicated pregnant women using advanced
optical coherence tomography (OCT) imaging and analysis.

Methods: Women with uncomplicated pregnancy in the third trimester (>28 weeks
gestational age) and age-matched nonpregnant women were enrolled in this prospec-
tive study. All subjects underwent spectral-domain OCT with enhanced depth imaging
mode and spectral-domain optical coherent tomography angiography (OCTA). Main
outcomes were subfoveal choroidal thickness (SFCT), choroidal vascularity index (CVI),
and choriocapillaris flow deficits (CC FD).

Results: Twenty-two eyes of 12 uncomplicated pregnant women and 23 eyes of
15 nonpregnant, female controls were included. The mean age was 32.27 ± 6.96 years
for the pregnant group and 30.08 ± 5.49 years for control group (P > 0.05). Mean SFCT
was 238.70 ± 82.96 μm in the pregnant group, and 277.40 ± 61.79 μm in the control
group. CVI was 67.58% ± 2.45% in the pregnant group and 67.31% ± 2.62% in the
control group. The CC FD%was 54.06± 3.95 in the pregnant group, and 55.02± 3.78 in
the control group. Therewasno significant differencebetween thepregnant and control
groups (P > 0.05) in SFCT, CVI or CC FD.

Conclusions: Although extensive hemodynamic changes occurred with pregnancy,
choroidal measurements by OCT and OCTA demonstrated no differences in uncompli-
cated third-trimester pregnant women compared with nonpregnant controls.

Translational Relevance: The unaltered choroid in uncomplicated third-trimester
pregnancy we described allows clinicians to determine whether abnormal choroidal
measurements could be used as a biomarker for complications of pregnancy.

Introduction

Significant physiological changes occur in every
system during pregnancy. Hematological, vascular,
endocrine, metabolic, and immunological system
changes occur to accommodate the developing fetus
and prepare the mother for labor and delivery.1–3 The
various systemic changes during pregnancy also affect
the eye.4 An increase in the central corneal thickness,

change in its curvature, decrease in corneal sensitivity,
and a decrease in intraocular pressure are transitional
and physiological, and these changes resolve after
pregnancy with minimal residual effects. Pathological
conditions during pregnancy, such as preeclampsia and
central serous chorioretinopathy (CSC), may lead to
severe retinal and choroidal complications and visual
disturbances, including serous retinal detachments,
Purtscher’s-like retinopathy, and retinal and vitreous
hemorrhages.5 So it is important to understand the
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normal retinal and choroidal changes occurring in
normal pregnancy because this will help differentiate
abnormalities from adaptations.

The choroid, which provides nutrients and removes
metabolic wastes from retinal pigment epithelium
(RPE) and the outer retina, plays a key role in
maintaining retinal function and vision acuity. The
choroidal circulation status is influenced by age, axial
length, oxygenation, perfusion pressure, various ocular
pathological conditions, and systemic diseases.6,7
Optical coherence tomography (OCT) and optical
coherence tomography angiography (OCTA) are
important breakthrough imaging technologies of
the past decade. OCT provides rapid, noninvasive,
high-resolution, cross-sectional images of the retina,
and RPE. Enhanced depth imaging optical coherence
tomography (EDI-OCT), which enables the visual-
ization and measurement of the choroid, facilitates a
comprehensive understanding of choroidal behavior
in physiological and pathological conditions. OCTA
can provide unprecedented three-dimensional images
of not only the retinal microcirculation, but also the
inner choroidal circulation.

Considering the significant systemic changes and
the structural and functional features of the choroid,
a number of transformations may be anticipated to
occur in the choroidal circulation during pregnancy,
subsequently leading to structural changes. To date,
little was known about the choroidal vascular changes
during pregnancy. Several studies have explored the
association between subfoveal choroidal thickness
(SFCT) and pregnancy using EDI-OCT. Some studies
show the SFCT increases during pregnancy,8–11
whereas others suggest that the pregnancy itself
does not increase SFCT.12,13 The choroid, however, is
composed of various elements, including blood vessels,
stromal tissue, and nerves, and evaluations focused on
alterations in the SFCT alone do not provide informa-
tion regarding which tissue components in the choroid
are changing. Choroidal vascularity index (CVI) is
a novel biomarker for assessing the choroidal vascu-
lar status in ocular diseases.14,15 CVI appears to be
less variable and less impacted by other physiological
factors compared with CT, which makes it a relatively
stable index for studying choroidal alterations due to
pathology. Until now, little is known about the CVI
changes during pregnancy. In addition, although the
choriocapillaris (CC) has been thought to play a central
role in many retinal and choroidal disorders, it has not
been well studied until the development of OCTA
and processing strategies to manage the artifacts
commonly associated with OCTA. The purpose of
this study was to quantitatively assess the SFCT,
CVI, and CC changes in a cohort of women with

uncomplicated pregnancy compared with age-matched
controls.

Materials and Methods

Setting and Participants

This study was a prospective, case-control study,
which was approved by the Institutional Review Board
of the University of California–Los Angeles and was
conducted in accordance with the ethical standards
stated in the Declaration of Helsinki. Written
informed consent was obtained from all subjects before
imaging.

Consecutive subjects meeting eligibility criteria
were recruited from the Fair Oaks Women’s Center
(Pasadena, CA, USA) and imaged at the Doheny
UCLA Eye Center (Pasadena, CA, USA) between
June 2018 and January 2019. Inclusion criteria for the
pregnancy group included uncomplicated pregnancy
in the third trimester (>28 weeks gestational age)
in healthy females. Subjects were excluded if they
had any history of previous ocular or systemic
diseases, such as diabetes mellitus or hypertension,
or complications of pregnancy, such as gestational
diabetes or preeclampsia at the time of imaging. A
control group of age-matched nonpregnant women
without systemic or ocular history were also recruited.
Additional exclusion criteria for either the uncompli-
cated pregnancy or control group included the presence
of refractive error greater than −6.0 diopters spherical
equivalent (SE).

Image Acquisition and Scanning Protocols

All subjects underwent spectral-domain OCT (SD-
OCT) with the EDI mode (Spectralis; Heidelberg
Engineering, Heidelberg, Germany). The macular
region was scanned using a horizontal raster scan
(30° × 5°) centered on the fovea, with 7 B-scans and
100 frames averaged in each B-scan. The raster scan
passing through the foveal center was selected for CVI
and CT analysis.

OCTA images were captured without pharmaco-
logic dilation using the spectral-domain OCTA (SD-
OCTA) device (Spectralis, Heidelberg Engineering,
Heidelberg, Germany). A 10° × 10° (512 × 512 A-
scans) OCTA scan was acquired centered on the
fovea. OCTA scans were repeated until a sufficient
quality scan (Q ≥ 30, no evidence of motion artifact)
was obtained. The instrument software’s automatic
segmentation boundaries were inspected on all B-scans,
and manual correction was performed on any B-scans
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demonstrating segmentation errors. A slab spanning
from 20 to 30 μm deep to the RPE band was used to
isolate the CC. The manufacturer’s projection artifact
removal function was used to remove residual artifact
from the overlying retinal circulation.

Image Processing

Choroidal scleral interface was defined as the hyper-
reflective border at the outer aspect of the vascu-
lar structure of the choroid. CT was analyzed using
the Spectralis EDI-OCT B-scan and measured from
Bruch’smembrane to the choroid-sclera interface at the
foveal center using the caliper tool in the instrument
software.

For the measurement of CVI, image binariza-
tion was carried out using the approach described
by Agrawal et al.15,16 Briefly, the FIJI software (an
expanded version of ImageJ version 1.51a; fiji.sc) was
used for image processing. The entire 10 degree OCT B
scan passing through the fovea was first converted to
8-bit images using the Default setting. Subsequently,
the Niblack’s auto local threshold tool was applied
to allow segmentation of the luminal area (LA) and
stromal area (SA). Then total choroidal area (TCA)
was selected using polygonal tool by manual plotting
of the choroidal upper border at the RPE and the lower
border marked at the choroid-sclera junction. Then the
image was converted back to an RGB (red, green, blue)
image to allow computation of size of LA by the color
threshold tool. Finally, CVI was calculated as a propor-
tion of LA to TCA.

For the measurement of the CC flow deficit (FD),
the en face images of the custom CC slab were
exported from the Spectralis software after confir-
mation of proper segmentation, and then imported
into the FIJI software. The CC images were binarized
using a modified version of the previously reported
method.17–19 Briefly, the images were duplicated to
apply two binarization methods. One image was
processed first by a Hessian filter, followed by
global thresholding using Huang’s fuzzy thresholding
method. The other (duplicate) image was binarized
using median local thresholding. Finally, the two
different binarized images were combined to gener-
ate the final binarized image in which only pixels
that existed on both binarized images were included.
CC FD was measured using the Phansalkar method
(radius: 23.44 μm) as described previously.20 The
percentage of CC FD was calculated as percentage
of the resulting area using the “Analyse Particles”
command.

Statistical Analysis

All measurements were performed by two masked,
independent, certified Doheny Image Reading Center
OCT/OCTA graders (L.S., W.T.), and intergrader
analysis was performed to assess repeatability. Statis-
tical analyses were performed using SPSS Statistics
version 20 (IBM, Armonk, NY, USA). To detect
differences in CT, CVI, and CC FD between two
groups, linear mixed model analysis was used to
adjust for correlations between two eyes of the
same subject. The inter-grader reproducibility was
assessed using intraclass correlation coefficient (ICC).
A P value < 0.05 was considered statistically signifi-
cant.

Results

Twenty-two eyes of 12 uncomplicated pregnant
women were included in this study. The mean age was
32.27 ± 6.96 years, and the mean gestational age was
33 ± 3.59 weeks (range 29–39). All pregnant subjects
were singleton pregnancies. All eyes had 20/20 visual
acuity. Twenty-three eyes of 15 nonpregnant, healthy
female controls were also enrolled. The mean age was
30.08 ± 5.49 years. The demographic data for the two
groups are shown in Table 1. There was no signifi-
cant difference in age or spherical equivalent refractive
error between these groups (P> 0.05). The OCT image
quality was 35.30 ± 3.34 dB in the pregnant group and
35.35± 4.25 dB in the control group. The OCTA image
quality was 37.14 ± 2.62 dB in the pregnant group and
36.00 ± 2.26 dB in the control group. There was no
significant difference in OCT or OCTA image quality
between the pregnant group and the control group
(P > 0.05, Table 1).

For SFCT and CVI analysis, 20 eyes from
10 uncomplicated pregnant women and 20 eyes
from 10 nonpregnant normal controls were included
after excluding eyes without sufficient image quality
(<30 dB). The mean SFCT thickness was 238.70 ±
82.96 μm (range 140–422 μm) in the uncomplicated
pregnancy group, and 277.40 ± 61.79 μm (range 161–
402 μm) in the control group. There was no significant
difference between these two groups (P> 0.05, Table 2)
in SFCT. The ICC between the two graders was 0.97
(95% confidence interval [CI]: 0.94–0.98) for SFCT
measurement.

For the CVI, the total subfoveal choroidal area was
3.63 ± 1.10 mm2 in the uncomplicated pregnant group
and 3.93 ± 0.62 mm2 in the control group, respectively.
The subfoveal luminal area was 2.44 ± 0.69 mm2 in the
uncomplicated pregnant group and 2.64 ± 0.43 mm2
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Table 1. Cohort Demographics

Pregnant Group Control Group P

Eyes 22 eyes (12 subjects) 23 eyes (15 subjects) /
Age (years) 32.27 ± 6.96 30.08 ± 5.49 0.384
Gestational Age (weeks) 33 ± 3.59 / /
Spherical Equivalent (D) −1.41 ± 1.83 −1.76 ± 1.79 0.170
OCT Image Quality 35.30 ± 3.34 35.35 ± 4.25 0.890
OCTA Image Quality 37.14 ± 2.62 36.00 ± 2.26 0.113

Table 2. SFCT, CVI, and CC in Uncomplicated Pregnant Group and Control Group

Pregnant Group Control Group P

Choroidal thickness (μm) 238.70 ± 82.96 277.40 ± 61.79 0.283
Total area (mm2) 3.63 ± 1.10 3.93 ± 0.62 0.059
Luminal area (mm2) 2.44 ± 0.69 2.64 ± 0.43 0.069
Stromal area (mm2) 1.19 ± 0.42 1.28 ± 0.23 0.105
CVI (%) 67.58 ± 2.45 67.31 ± 2.62 0.927
CC FD (%) 54.06 ± 3.95 55.02 ± 3.78 0.694

Figure 1. Examples of CVI measurement. Upper row: images from an uncomplicated pregnant woman, lower row: images from a healthy
control. Left: IR images, middle: EDI-OCT B-scan images centered on the fovea, right: binarized EDI-OCT B-scan images using Niblack auto
local threshold on Fiji. After binarization, region of interest was overlaid on the scan illustrating luminal (dark region) and stromal (light
region) area. The CVI in the upper row is 71.39% and the CVI in the lower row is 69.90%.

in the control group. The subfoveal stromal area was
1.19 ± 0.42 mm2 in the uncomplicated pregnant group
and 1.28 ± 0.23 mm2 in the control group. The CVI
was 67.58% ± 2.45% in the uncomplicated pregnant
group and 67.31% ± 2.62% in the control group.
There was no significant difference in subfoveal total,
luminal, or stromal choroidal area or CVI between the
uncomplicated pregnant group and the control group
(P > 0.05, Fig. 1, Table 2). The ICC between the two
graders was 0.95 (95% CI: 0.81–0.98) for CVI.

For the CC analysis, the percentage of CC FD
(%) was 54.06 ± 3.95 in the uncomplicated pregnancy
group, and 55.02 ± 3.78 in the control group
(Table 2, Fig. 2). There was also no significant differ-
ence between these two groups (P > 0.05) in the CC

FD percentage. The ICC between the two graders was
0.99 (95% CI: 0.98–0.99) for CC FD.

Discussion

In this study, we observed that there was no signif-
icant difference in SFCT, CVI, or CC in women with
uncomplicated pregnancy compared with age-matched
nonpregnant women. To our knowledge, our study
was the first investigation to compare CVI between
uncomplicated pregnancy and age-matched nonpreg-
nant controls. It is important to investigate physio-
logical changes associated with pregnancy to improve
our understanding of pregnancy-related disorders
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Figure 2. Two cases (one from each group) illustrating the CCmeasurement. A and Dwere single structural B-scan images centered on the
fovea showing the CC segmentation. B and E were en-face OCTA images of CC (20-30μm deep to the RPE band). C and F were final binarized
CC images used to calculate the percentage of CC FD. A-C: the image of an uncomplicated pregnant woman. The CC FD was 51.83%; D-F:
the image of a healthy control woman. The CC FD was 53.51%.

pertaining to both the mother’s eye and the fetus’s
overall health. In our study, the OCT and OCTA image
quality (without dilation) in the pregnant group was
as good as in the control group, which validated our
ability to use OCT and OCTA as quantitative research
tools in pregnant subjects.

Using EDI-OCT, several studies have investigated
the association between SFCT and pregnancy. Some
studies have noted that pregnancy itself does not
appear to increase CT,13 which was in agreement
with the findings of our study. Goktas et al.21 found
that choroidal thickening could occur in the second
trimester, but there was no significant difference in
choroid thickness between the first or third trimester
and normal controls. Dadaci et al.12 also confirmed
that there was no significant difference in CT between
the first or third trimester and control eyes, but the
CT significantly decreased in healthy pregnant women
during the third trimester. In contrast, Ulusoy et al.22
found that CT increased in the third trimester and
returned to a normal range in the three months after
delivery. The changes in CT during pregnancy and
after delivery might be a dynamic process, which is
related to the marked physiological changes in the
metabolic, hormonal, and hemodynamic systems. Of
note, the CT is influenced by age, sex, systemic/local
diseases and their treatment, drug use, intraocular
pressure, refractive error, and many other factors.23, 24
The somewhat inconsistent results pertaining to CT
changes during pregnancy reported in the literature
may derive from measurements taken at different times

of day, variable ages of subjects, and measurement
error. Future studies evaluating CT changes during
pregnancy should take these biases into consideration,
and future studies with more subjects and data from
multiple trimesters will be helpful to provide further
clarity on this issue.

The choroid is a complex tissue consisting of vascu-
lar and stromal components. Measurement of CVI
takes into account both the vascular and interstitial
components of the choroid, which provides compli-
mentary information to the SFCT.17 In addition, CVI
is a two-dimensional measurement, whereas CT is a
single-dimensional measurement.17 Therefore CVI is
considered to be a more-reliable marker for studying
choroidal changes than CT. Indeed, CVI (but not CT)
was shown to be less affected by confounding factors
such as axial length, intraocular pressure, age, and
systolic blood pressure.16,17 Our study was the first one
to investigate CVI in pregnant subjects. In our study,
there was no significant difference in CVI in uncom-
plicated pregnant women compared with eyes of age-
matched normal controls. The utility of CVI to evalu-
ate the choroidal vasculature has also been studied in
other ocular and systemic diseases.25 Wei et al.25 found
that eyes with exudative age-related macular degener-
ation (AMD) had a reduction in CVI but no signifi-
cant changes inCT comparedwith fellow eyes. Agrawal
et al.15 found that CVI increased in both acute CSC
eyes and fellow eyes. Tan et al.26 reported that patients
with retinitis pigmentosa showed reduced CVI when
compared with normal eyes. Thus CVI has evolved
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into a noninvasive tool for studying structural changes
in the choroid and monitoring retinal and choroidal
diseases.25,26 Larger studies with multiple times points
are required, however, to better elucidate CVI adapta-
tions during the course of pregnancy and in the setting
of ocular disorders associated with pregnancy.

In contrast to fluorescein angiography (FFA) and
indocyanine green angiography (ICGA), OCTA is
noncontact, noninvasive, easy to perform, and capable
of providing depth-resolved, high-resolution, three-
dimensional images of the retinal and inner choroidal
vasculature without dye injection.27 This safety consid-
eration is particularly important in the setting of
pregnancy when the use of invasive dyes should gener-
ally be avoided. Using OCTA, our previous studies
found that perfusion density in superficial retinal capil-
lary plexus (SCP) significantly decreased and perfusion
density in deep retinal capillary plexus (DCP) signif-
icantly increased in the third trimester of pregnant
women compared with nonpregnant controls.28 We
hypothesized that the retinal microvasculature adapts
by vasodilation during pregnancy due to hematolog-
ical, vascular, and endocrine changes. Ciloglu et al.27
found that retinal microvascular structure changed in
pregnant women with preeclampsia compared with
uncomplicated pregnant women and nonpregnant
controls. Despite these reported changes in the retinal
microvasculature in normal pregnancy and preeclamp-
sia, our present study found that CC FD showed
no significant difference in uncomplicated pregnancy
women compared with age-matched controls. The
retinal and choroidal circulations, however, have
separate and different autoregulatorymechanisms, so it
is perhaps not surprising that they would behave differ-
ently in pregnancy. Saito et al.29 reported that OCTA
was able to detect ischemic changes in the choriocapil-
laris in pregnant women with hypertensive eye changes.
CC changes in other ocular disorders associated with
pregnancy, such as pre-eclampsia, need further investi-
gation.

Our study does have limitations inherent to study-
ing a vulnerable population such as pregnancy that
should be considered in assessing our results. First,
our sample size is relatively small, but we rationalize
that it may be adequately powered to detect significant
changes. Ulusoy et al.22 found that SFCT increased
more than 20% in the third trimester compared with
normal healthy control women. If we assume a 20%
change in choroidal thickness as clinically relevant, a
sample size of 26 is needed to detect differences in
groups at α = 0.05 and power = 80%. Moreover,
highly choroid-relevant diseases, such as central serous
chorioretinopathy, show that macular choroidal thick-
ness has the potential to change up to 40% compared

with normal controls.30 CVI, even more sensitive than
CT, has been shown in prior studies to detect differ-
ences as small as 3%, lending further credence to our
negative study.17 Second, because of having only one
timepoint, we are not able to assess dynamic alter-
ations in SFCT, CVI, and CC FD that may occur
during the course of pregnancy. This may be addressed
by future longitudinal studies that may extend from
before pregnancy through the postpartum process to
capture earlier changes in pregnancy that may return to
baseline by third trimester. Despite these shortcomings,
we were able to demonstrate proof of concept that the
choroid of pregnant women can be evaluated reliably
without the need for dilation. Our study also has several
strengths that our group has leveraged before, includ-
ing the use of EDI-OCT andOCTA,which are ideal for
evaluation of the choroid, prospective imaging proto-
cols, analysis of the entire foveal 10 degree scan, and
the use of independent, certified image reading center
graders.

In summary, using EDI-OCT and OCTA we
observed that SFCT, CVI, and CC FD in uncom-
plicated third-trimester pregnant women showed
no significant difference compared with eyes of
age-matched controls. The knowledge that normal
pregnancy leaves the choroid unaltered allows clini-
cians to determine whether abnormal choroidal
measurements could be used as a biomarker for
diseases such as gestational hypertension, pre-
eclampsia, or other complications of pregnancy.
Future studies with larger samples imaged in both the
second and third trimester of pregnancy can confirm
our results and determine whether pregnancy compli-
cations cause significant changes in SFCT, CVI, or CC
FD. These findings may provide a useful foundation
for future studies aimed at better understanding the
etiology of ocular and systemic diseases associated
with pregnancy.
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