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ABSTRACT
Objective  To investigate the association between 
serum soluble fms-like tyrosine kinase-1 (sFlt-1) and the 
choroidal structure during the pregnancy.
Methods and analysis  This prospective study enrolled 
24 eyes of 12 consecutive healthy pregnant women. Each 
participant was evaluated during the first, second and third 
trimester of pregnancy and the postpartum period. The 
central choroidal thickness (CCT) and Choroidal Vascular 
Index (CVI) were measured using enhanced depth-imaging 
optical coherence tomography. Moreover, serum sFlt-1 and 
vascular endothelial growth factor (VEGF) concentrations 
were measured manually using ELISA. The association 
between choroidal structural parameters and serum sFlt-1/
VEGF was analysed using a linear mixed model.
Results  The CCT was significantly thicker in the second 
and third trimester than the postpartum period (p<0.05). 
In contrast, there was no significant difference in the CVI 
throughout pregnancy or the postpartum period. Serum 
sFlt-1 levels were significantly higher during pregnancy 
than the postpartum period (p<0.05), whereas the serum 
VEGF levels were significantly lower during pregnancy than 
the postpartum period (p<0.05). Furthermore, serum sFlt-1 
levels were significantly associated with CCT throughout 
pregnancy (p=0.011, linear mixed model). On the contrary, 
sFlt-1 levels was not associated with the CVI during the 
pregnancy.
Conclusion  Our results suggest that serum sFlt-1 might 
have an influence on the choroidal thickness during the 
pregnancy.

INTRODUCTION
Physiological changes, including vascular, 
endocrine and metabolic changes, occur 
in the eyeball during the pregnancy.1 The 
dramatic changes in the ocular blood flow 
during pregnancy have been reported to 
cause various retinal and choroidal diseases, 
such as central serous chorioretinopathy 
(CSC).2 3

CSC is one of the most common causes 
of visual impairment during pregnancy. 

Although the exact mechanism of this 
phenomenon still remains elusive, it may be 
related to various hormonal changes, such 
as increased levels of glucocorticoid during 
pregnancy, since systemic steroid intake is 
a known cause of CSC.4 Further, vascular 
endothelial growth factor (VEGF) has been 

Key messages

What is already known about this subject?
►► In the field of obstetrics, serum vascular endothelial 
growth factor (VEGF) and soluble fms-like tyrosine 
kinase-1 (sFlt-1) are known to be associated with 
pregnancy, miscarriage, gestational hypertension 
and pre-eclampsia.

►► VEGF has been implicated as a possible cause of 
choroidal vascular hyperpermeability in eyes with 
central serous chorioretinopathy (CSC).

►► The dramatic changes in the ocular blood flow 
during pregnancy have been reported to cause vari-
ous retinal and choroidal diseases, such as CSC.

What are the new findings?
►► We investigated the choroidal structure in detail, in-
cluding the central choroidal thickness and Choroidal 
Vascular Index (CVI), throughout pregnancy. We also 
investigated the factors affecting any choroidal 
structural changes.

►► The choroidal thickness was significantly higher in 
the second and third trimester of pregnancy than 
in the postpartum period; however, this was not 
the case with the CVI during pregnancy. Moreover, 
serum sFlt-1 was significantly associated with cho-
roidal thickness during pregnancy. Taken together, 
sFlt-1 has a physiological effect on the choroidal 
structure during the pregnancy.

How might these results change the focus of 
research or clinical practice?

►► It is possible that measurement of choroidal struc-
ture may be useful for predicting the pregnancy-
related diseases such as pre-eclampsia.
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implicated as a possible cause of choroidal vascular 
hyperpermeability in eyes with CSC.5

In the field of obstetrics, serum VEGF and soluble fms-
like tyrosine kinase-1 (sFlt-1), a truncated form of the 
VEGF receptor 1, are known to be associated with preg-
nancy and miscarriage.6 Moreover, a previous study has 
revealed that elevated serum sFlit-1 and decreased serum 
VEGF levels were associated with gestational hyperten-
sion and pre-eclampsia.7

Recent several studies suggested that binarisation 
method of optical coherence tomography (OCT) 
image is a promising way to reveal the choroidal 
structure in many retinal diseases, such as age-related 
macular degeneration and CSC. Sonoda et al have 
proposed a method to discriminate choroidal luminal 
area using binarised OCT images.8 9 Histopathological 
findings are useful for understanding of choroidal 
architecture, however, there are artefacts subjacent to 
tissue fixation. In comparison with histopathological 
examination, OCT binarisation method provides more 
reproducible in vivo information without altering 
vascular diameter. Several reports have suggested the 
possibility of choroidal changes during pregnancy by 
focusing on the central choroidal thickness (CCT). 
Using the binarisation technique, we recently investi-
gated the choroidal structure during the first trimester 
of pregnancy.10 Our results showed that in the first 
trimester of pregnancy, the Choroidal Vascular Index 
(CVI) was higher compared with that of the non-
pregnant women in the control group. In contrast, the 
CCT was not significantly different between the preg-
nant and control groups. However, in our previous 
cross-sectional study, changes in the choroidal struc-
ture throughout pregnancy were not investigated.

To the best of our knowledge, there have been 
no reports investigating the choroidal structure in 
detail, including the CVI, throughout pregnancy and 
postpartum periods, and the factors affecting any 
choroidal structural changes. Therefore, we aimed 
to investigate the choroidal structural changes in the 
first, second and third trimesters during pregnancy 
compared with those in the postpartum period, and to 
analyse the association between serum sFlt-1 level and 
the choroidal structure.

MATERIALS AND METHODS
Written informed consent was obtained from all partic-
ipants, and our study was conducted in accordance 
with the Declaration of Helsinki. Patients or the public 
were involved in the design, or conduct, or reporting, 
or dissemination plans of our research. This prospec-
tive study enrolled pregnant women and data were 
collected from the first trimester of pregnancy. The 
participants with some complications of pregnancy such 
as intrauterine growth restriction or pre-eclampsia were 
excluded in this study.

Ophthalmic examinations were performed in 
conjunction with the obstetric consultation at four 

points: in the first trimester (10–14 weeks), second 
trimester (19–24 weeks), third trimester (26–37 weeks) 
and postpartum period (2–15 weeks after delivery). 
Each participant underwent a comprehensive ophthal-
mological examination, including visual acuity, axial 
length (AL) measured by partial coherence interfer-
ometry (IOL Master, Tomey OA-2000, V.5.4.4.0006; 
Tomey, Nagoya, Japan), and refractive error measured 
by autorefraction (KR-8900 V.1.07; Topcon, Tokyo, 
Japan). To measure the CCT and CVI, enhanced 
depth-imaging OCT images were obtained using spec-
tral domain OCT (Spectralis; Heidelberg Engineering, 
Heidelberg, Germany) at each visit. Binarised images 
were obtained using the Niblack method (ImageJ soft-
ware), as previously described.8 In brief, an image of 
one horizontal scan passing through the fovea was 
selected and then converted into eight bits, and the 
Niblack auto-local threshold was applied to binarise 
the images and separate the choroidal luminal and 
stromal areas. After binarisation, the total choroidal 
area, luminal area and CVI were calculated for each 
eye.

Measurement of serum VEGF and serum sFlt-1
The levels of VEGF and sFlt-1 in serum samples were 
measured using human VEGF (DVE00) and human 
sFlt-1 Quantikine ELISA Kit (DVR100C) (R&D Systems, 
Minneapolis, Minnesota, USA), following the manufac-
turer’s protocol. Owing to the skewed distribution of the 
raw values, serum VEGF and sFlt-1values were normalised 
through logarithmic transformation (log(VEGF), log(s-
Flt-1)). The lower limit of detection was 5.0 pg/mL in 
human VEGF Quantikine ELISA Kit, therefore the serum 
VEGF values measuring less than 5.0 pg/mL were set to 
5.0 pg/mL for log-transformation.

Statistical analyses
A linear mixed model and Tukey’s multiple compar-
ison test were used to compare the values of CCT, CVI, 
log(VEGF) and log(sFlt-1) across the four assessment 
times (first, second, third trimester and post partum). 
By using a linear mixed model, measurements were 
nested within subjects and were dependent on each 
other. Thereafter, Tukey’s multiple comparison test 
was performed for each variable comparison.

The associations between (1) log(sFlt-1) and 
log(VEGF), (2) log(sFlt-1) and CCT, and (3) log(sFlt-1) 
and CVI were investigated using the linear mixed model. 
To determine the best explanatory variables for the CCT 
or CVI throughout the pregnancy, the model selection 
was performed using second-order bias-corrected Akaike 
information criterion index (AICc). Among age, AL, 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP) and log(sFlt-1), the optimal model for the CCT 
or CVI was identified from 25 patterns. All statistical anal-
yses were performed using the statistical programming 
language ‘R’ (V.3.1.3; The R Foundation for Statistical 
Computing, Vienna, Austria).
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RESULTS
Demographic data of the participants can be seen in 
table 1. Twenty-four eyes of 12 consecutive healthy preg-
nant women were enrolled in this study. The CCT ratios 
to postpartum period were 1.04±0.09, 1.10±0.13 and 
1.09±0.12 in the first, second and third trimesters of preg-
nancy, respectively (figure  1A). These CCT ratios were 
significantly larger than 1.00 (p=0.0043 in the second 
trimester, p=0.0086 in the third trimester, linear mixed 
model and Tukey multiple comparisons test).

In contrast, the CVIs ratios in the postpartum period 
were 1.02±0.06, 1.01±0.06 and 1.01±0.05 in the first, 
second and third trimesters of pregnancy, respectively 
(figure  1B). These CVI ratios were not significantly 
different from 1.00 (p>0.05, linear mixed model and 
Tukey multiple comparison test).

Log(sFlt-1) was significantly greater during preg-
nancy than the postpartum period (figure 2A, p<0.001, 
linear mixed model and Tukey multiple comparisons 
test).

In contrast, log(VEGF) was significantly lower during 
pregnancy than the postpartum period (figure  2B, 
p<0.0001, linear mixed model and Tukey multiple 
comparisons test). Log(sFlt-1) was significantly negatively 
associated with log(VEGF) throughout pregnancy (r = 
−0.92, p<0.0001, linear mixed model). Log(sFlt-1) was 
significantly associated with CCT (p=0.0037) but not with 
CVI (p=0.24, linear mixed model). Since 29 of 48 VEGF 
values (60.4%) were less than the lower limit of detection 
in the ELISA assay during pregnancy, the optimal model 
for the CCT or CVI was investigated using log(sFlt-1).

As a result of AICc model selection, the optimal model 
for the CCT throughout pregnancy included age, AL, 
DBP and log(sFlt-1) (AICc=938.4). In contrast, the 
optimal model for the CVI included only AL (AICc=469.7) 
(table 2).

DISCUSSION
In the current study, we analysed the temporal changes of 
the CCT and CVI and their associations with serum sFlt-1 
during the pregnancy. Our results show that the CCT 
ratios were significantly higher in the second and third 
trimester of pregnancy than in the postpartum period; 
however, this was not the case with the CVI during preg-
nancy. Moreover, serum sFlt-1 was significantly associated 
with CCT during pregnancy. Taken together, sFlt-1 has a 
physiological effect on the choroidal structure during the 
pregnancy.

In general, choroidal vascular hyperpermeability is 
observed in eyes with CSC.5 Considering that pregnant 
women are prone to CSC, it was hypothesised that the CVI 
may gradually increase during the pregnancy. However, 
in this study, there were no significant changes in the CVI 
throughout pregnancy. Choroidal thickening in eyes with 
CSC may be accompanied by dilation of the choroidal 
vessels (increased CCT and CVI). However, our current 
results suggest that the changes in the choroidal struc-
ture throughout pregnancy were slightly different from 
that in eyes with CSC.

sFlt-1 is an endogenous antagonist of both VEGF and 
placental growth factor (PlGF).11 Previous reports have 
suggested that serum sFlt-1 was higher, whereas serum 
VEGF was lower, in pregnant women compared with non-
pregnant women.12 13 Our current results are consistent 
with those of previous studies, however, it was difficult 
to precisely explain the effect of sFlt-1 on the choroidal 
structure during the pregnancy. Based on the physio-
logical function of VEGF on vascular hyperpermeability, 

Table 1  Demographic data

Median IQR

No of eyes 24 –

Age (years) 38 36.5–40.0

CCT (μm)

 � First trimester 292.0 239.8–369.2

 � Second trimester 307.5 253.8–382.2

 � Third trimester 302.0 261.2–383.5

 � Postpartum 276.5 211.5–365.0

CVI (%)

 � First trimester 65.2 63.3–66.3

 � Second trimester 63.3 62.3–65.7

 � Third trimester 63.4 61.5–66.9

 � Post partum 64.2 63.0–65.3

SBP (mm Hg)

 � First trimester 117.0 101.8–118.0

 � Second trimester 108.0 100.8–120.2

 � Third trimester 105.0 103.2–113.5

 � Post partum 113.5 105.2–119.2

DBP (mm Hg)

 � First trimester 71.0 64.25–75.25

 � Second trimester 64.0 57.75–72.25

 � Third trimester 64.0 59.5–68.5

 � Postpartum 69.5 63.75–73.25

Log(VEGF) (pg/mL)

 � First trimester 0.70 0.70–0.70

 � Second trimester 0.70 0.70–0.75

 � Third trimester 0.70 0.70–0.75

 � Post partum 2.15 1.98–2.27

Log(sFlt-1) (pg/mL)

 � First trimester 3.56 3.55–3.57

 � Second trimester 3.55 3.52–3.55

 � Third trimester 3.56 3.55–3.57

 � Post partum 2.56 2.50–2.60

BP, blood pressure; CCT, central choroidal thickness; CVI, 
Choroidal Vascular Index; DBP, diastolic blood pressure; 
IQR, interquartile range; SBP, systolic blood pressure; 
sFlt-1, soluble fms-like tyrosine kinase-1; VEGF, vascular 
endothelial growth factor.
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it was expected that low VEGF levels during pregnancy 
would result in reduced CCT and lower CVI. Future 
studies are needed to elucidate the association between 
high sFlt-1 and low VEGF levels, and thick CCT during 
the pregnancy.

Maternal serum sFlt-1 levels increase 5 weeks prior to 
the onset of pre-eclampsia; therefore, sFlt-1 is considered 
a key factor in precipitating pre-eclampsia.14 Our previous 
study has suggested that the CVI was higher during 
the first trimester of pregnancy compared with healthy 
control participants, and that it was positively associated 
with SBP.10 However, this study revealed no significant 
association between the CVI and SBP throughout preg-
nancy. This discrepancy may be due to the fact that some 
participants with pre-eclampsia could not undergo OCT 
measurement and blood sampling in late pregnancy 
because of premature birth. This was a limitation of this 
study; therefore, a future study with a larger sample size 
is required to reveal the association between the CVI and 
SBP. PlGF is a member of the VEGF family and is clearly 
distinguishable from VEGF. In the obstetric field, there 
are previous reports indicating that both sFlt-1 and PlGF 

are involved in pre-eclampsia.14 15 However, the serum 
PlGF was not measured in each participant; therefore, 
this was also one of the limitations of this study. Further 
investigation would be of interest to confirm whether or 
not PlGF is associated with the choroidal structure during 
the pregnancy.

Another limitation is a relatively small sample size in 
this study. However, a significant correlation between 
sFlt-1 and CCT throughout the pregnancy even in such 
a small sample size suggests a strong association between 
these two variables. A future study would be performed to 
confirm the current results, preparing a larger number 
of participants.

In summary, we found that CCT was significantly 
thicker in the second and third trimester of pregnancy, 
whereas CVI demonstrated no significant changes 
in healthy pregnant women. Moreover, serum sFlt-1 
levels were associated with CCT during pregnancy, 
suggesting the possibility that OCT measurement may 
be useful for predicting the risk of not only CSC but 
also pre-eclampsia.

Figure 1  The changes of the central choroidal thickness (CCT) ratio and Choroidal Vascular Index (CVI) ratio in normal 
pregnant women (A, B).

Figure 2  The temporal changes of serum soluble fms-like tyrosine kinase-1 (sFlt-1) and vascular endothelial growth factor 
(VEGF) in normal pregnant women (A, B).
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