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Pregnancy is a time whenmany changes occur in a woman’s body.The goal of these changes is the provision of optimum conditions
for the development of the foetus. Pregnancy also affects eye physiology. Well recognized physiological changes include a reduced
corneal sensitivity, an increase in its central thickness and curvature, and a decrease in intraocular pressure.Theassociation between
choroidal thickness and pregnancy is not clear. Haemodynamic and hormonal changes taking place during pregnancy and the
question of whether these changes are reflected by choroidal thickness are especially important. It is assumed that the choroid,
which is one of the most highly vascularized tissues characterized by the highest blood flow to tissue volume ratio in the whole
body, should respond by an increase in its thickness to an increase in blood flow and drop in the value of peripheral resistance.
Measurement of choroidal thickness using enhanced depth imaging optical coherence tomography (EDI-OCT) in women with
uncomplicated pregnancy provides important information concerning the effects of physiological changes in the eye.

1. Introduction

Pregnancy is a time when many changes occur in a woman’s
body, the primary goal of which is the provision of proper
conditions for the development of the foetus. Metabolic, hae-
matological, vascular, hormonal, and immunological changes
lead to the necessary anatomical and functional adaptive
changes [1, 2].

The changes taking place during pregnancy affect also the
eye [1, 3]. Most changes, such as an increase in the central
corneal thickness (CCT), change in its curvature, decrease in
corneal sensitivity, or a decrease in intraocular pressure (IOP)
are physiological and transitional. Under the effect of hor-
monal changes some disorders may become aggravated, such
as diabetic retinopathy, for example. Pathological conditions,
such as arterial hypertension or preeclampsiamay complicate
the course of pregnancy and lead to the development of
ocular changes [1, 3].

From the beginning of pregnancy, the cardiovascular sys-
tem of the pregnant woman is subject to especially important
changes. During pregnancy, the cardiac output and heart rate
increase. As early as the first trimester of pregnancy, due to
an increase in the renin-angiotensin-aldosterone system, an
increase in the blood volume occurs. Hormonal changes lead
to dilatation of the blood vessels and a reduction in systemic
vascular resistance, which is accompanied by an increase in
vascular capacity. Blood flow in many organs increases [2].

The choroid, which is one of the most highly vascularized
tissues characterized by the highest blood flow to tissue
volume ratio in the whole body, may be especially susceptible
to haemodynamic and hormonal changes taking place in
pregnancy, which may affect its thickness [4, 5].

Before the introduction of enhanced depth imaging
optical coherence tomography (EDI-OCT) examinations,
the possibilities of assessment of the choroid were con-
siderably limited, with respect to both physiological and
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pathological changes. Ultrasonography, fluorescein angiog-
raphy, and indocyanine angiography, specially dedicated to
the evaluation of choroidal circulation, did not provide such
diagnostic possibilities as those presently offered by the EDI-
OCT examination [6, 7]. In addition, angiography, due to
its invasive character, is limited in its use as an examination
for pregnant women because of concerns about possible
complications for the mother and foetus [8]. The EDI-OCT
examination is noninvasive, simple, and quick. This method
makes it possible to precisely evaluate the choroid, including
the measurement of its thickness, which may be influenced
by both physiological and pathological factors [6, 7, 9].

The objective of this study was a review of the present lit-
erature concerning choroidal thickness in EDI-OCT imaging
in women with an uncomplicated course of pregnancy.

2. Discussion

2.1. Choroidal Blood Flow. The choroid lying between the
retina and the sclera is built mainly of blood vessels and
constitutes the main source supplying blood and nutrients
to the outer retina. Also, the choroid performs a thermoreg-
ulation function, moves the location of the retina due to
changes in its thickness, and is responsible for the secretion
of growth factors [4]. Although the basic functions of the
choroid are known, the relationship between the choroidal
thickness and blood flow in the eyeball has not been fully
recognized and evokes great interest. The potential relation-
ship between choroidal thickness and choroidal circulation
has been investigated many times [10–13]. Many techniques
have been developed to monitor choroidal blood flow; nev-
ertheless, these measurements are especially difficult because
the choroidal vessels are “hidden” beneath the retinal pigment
epithelium, and blood flow is assessed mainly indirectly [14].
The studies conducted to-date concerning blood flow in the
eye in pregnant women presented contradictory results [5,
15–17]. For a long time, it has been assumed that, in contrast
to the retina and the anterior part of the vascular membrane,
the choroid does not show evidence of autoregulation and
is mainly subject to the effect of the autonomic nervous
system and circulating hormones [4, 18]. It was suggested that
the prevalence of estrogen leads to dilation of the vascular
bed and an increase in blood flow through the choroid
[5]. Recent studies show the presence of some degree of
autoregulation also on the level of choroidal blood flow [11,
12, 14]. The process of choroidal autoregulation participating
in the control of blood flow seems to be very complex and has
been poorly recognized to-date [14].

To assess whether an increase in choroidal thickness
occurs during pregnancy in response to the ongoing haemo-
dynamic and hormonal changes, choroidal thickness was
examined using a new imaging technique, EDI-OCT [9, 19–
26]. The heretofore choroidal imaging by means of spec-tral-
domain optical coherence tomography (SD-OCT) was lim-
ited, mainly due to the difficulties with transmission of the
signal through the retinal pigment epithelium.TheEDI-OCT,
which is the modification of the standard OCT, provides res-
olution to approximately 3-4 microns and deeper scanning,

which allows visualization and dimensioning of the choroid
[27, 28].

2.2. Factors Affecting ChoroidalThickness. Studies comparing
choroidal thickness in nonpregnant and pregnant women
provide contradictory results. According to some studies,
a statistically significant thickening of the choroid occurs
during pregnancy [9, 19, 21–26, 29], whereas other studies
do not show such a relationship [20, 26]. Also, the results
concerning the relationship between choroidal thickness and
gestational age differ [9, 20–25]. Some of the available studies
evaluate not only the choroidal thickness in women with
an uncomplicated pregnancy, but also choroidal thickness in
pregnancy complicated by preeclampsia. These results differ
with respect to both choroidal thickness in pregnant women
and the thickness of the choroid inwomenwith preeclampsia,
compared to choroidal thickness in nonpregnant women
[19, 24, 26]. The differences also occur while comparing
choroidal thickness between pregnant women and those with
preeclampsia [19, 24, 26].

The variability of results may be caused by many factors.
Studies differ with respect to such variables as number of
patients examined, patients’ age, gestational age at perform-
ing the examination, and differences occurring with respect
to the refraction interval within which the women are
enrolled into the study; these differences are relatively big for
emmetropia as well -6D [20, 23]. All these factors may exert
an effect on the results obtained. Many studies confirmed the
effect of such factors as age, gender, axial length of the eye
(AL), refraction defect, CCT, or the IOP level of the choroidal
thickness [30–32]. A comprehensive study concerning the
evaluation of the subfoveal choroidal thickness (SFCT)which
covered 3,233 patients showed that the SFCT is higher in
younger individuals, in shorter eyeballs, inmales, in eyes with
a deeper anterior chamber, thicker lens, flat retina, and better
best corrected visual acuity (BCVA). This study indicates
that these factors should be considered while performing
measurements of the choroidal thickness [33]. In most of
the studies available, the researchers refer to women’s age,
CCT, AL, IOP, and refraction defect, and assess the effect of
these factors on the choroidal thickness (Table 2 presents the
effect of these factors on choroidal thickness according to the
studies available).

The differences between available studies also occur with
respect to the equipment applied for the examination. Most
examinations were performed using the Heidelberg Spec-
tralis and Cirrus-OCT. However, the study by Koay et al. did
not show any statistically significant difference between the
results concerning choroidal thicknessmeasured bymeans of
such equipment as SD-OCT: Zeiss Cirrus HD-OCT, Heidel-
berg Spectralis, and Optovue RTVue [34]. The repeatability
of the SFCT measurements using various machines was also
confirmed in the study by Yamashita et al. [35]. Studies per-
taining to choroidal thickness in pregnant women do not
differ with respect to the method of performing the ex-
aminations; measurements were performed manually or
automatically; the differences also concern the areas covered
by the examination. In some studies only the SFCT is mea-
sured; in other studies measurements are performed in three
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areas of reference, that is, subfoveal, nasal, and temporal,
within specified intervals, while single studies consider a
larger number of areas using the protocol used in the Early
Treatment Diabetic Retinopathy Study (ETDRS). At present,
it is recommended that measurements of choroidal thickness
be performed using the ETDRS protocol charts, which work
best in an objective evaluation of the choroid considering
its varied topography [36, 37]. Due to daily fluctuations
in choroidal thickness, the time at which the examination
is performed is also important, which should be the same
in all studies, while in some studies this factor was not
taken into consideration [38]. Iwase et al., in their study,
found that the subfoveal choroidal thickness is subject to
significant diurnal variations. It was observed that during
the day the subfoveal choroidal thickness decreases and the
lowest values of choroidal thickness were noted at 3 p.m.,
whereas at night an increase in the choroidal thickness was
observed [38]. In the light of the results of these studies, the
selection of the control group may also be important. Few
studies consider the phase of the menstrual cycle of women
in the control group, which is important considering the
relationship confirmed between the effect of hormones and
choroidal thickness [39]. Apart from the study byDadaci et al.
[23], none of the studies referred to the phase of themenstrual
cycle in women from the control group. In the studies,
there is neither information concerning the hormonal profile
of the control group nor data concerning whether these
women used hormonal contraception (Table 1 demonstrates
the differences between studies).

2.3. Choroidal Thickness in Pregnant and Nonpregnant
Women. Liu et al. performedmeta-analysis in which, despite
many differences occurring between the studies included in
the meta-analysis, they found a statistically significant dif-
ference in the choroidal thickness between pregnant and
nonpregnant women. The same relationship was also con-
firmed in their own study, where the choroidal thickness in
pregnancy was statistically significantly higher [9].

Apart from the meta-analysis available, studies on the
choroidal thickness concern small groups of examined
women. The study in which the largest number of women
were examined from the perspective of choroidal thickness
was conducted by Kara et al., who compared choroidal thick-
ness in 100 pregnant women (at week 15 and 38 of pregnancy)
and 100 women who were not pregnant.The results indicated
that the choroidal thickness was statistically significantly
higher in pregnancy; however, a statistically insignificant
relationship was noted between the choroidal thickness and
gestational age [21]. Similarly, in the study by Ulusoy et al.,
statistically significant differences were confirmed between
the choroidal thickness in pregnant andnonpregnantwomen.
Also, in this study, no statistically significant difference was
found between the choroidal thickness and gestational age
[22].This is the only study also evaluating choroidal thickness
in the same patients after delivery. In the EDI-OCT exami-
nation performed three months after childbirth, a decrease
was observed in the choroidal thickness, compared to the
period of pregnancy [22]. Ataş et al., and Rothwell et al.,
in their studies, examined women in the third trimester of

pregnancy, and also found that in these women the choroidal
thickness was significantly higher statistically, compared to
women who were not pregnant [19, 29].

Dadaci et al. compared choroidal thickness in healthy
pregnant women in the first and third trimester of pregnancy.
The study covered 27 (54 eyes) pregnant women and 25
women (50 eyes) who were not pregnant. Pregnant women
had the EDI-OCT examination performed twice, in the first
trimester, that is, weeks 6–8 of pregnancy, and subsequently
in the third trimester, weeks 32–37, while the control group
had the examination performed once in the follicular phase
of the cycle. The choroidal thickness in all the measured
areas, that is, subfoveal, nasal, and temporal, the foveal
centre in 500 um intervals in both eyes was significantly
lower statistically in the third trimester, compared to the
thickness measured in the same areas in the first trimester.
The choroidal thickness in nonpregnant women was lower;
however, it was statistically insignificant [23]. Similarly, in
the study by Sayin et al., a negative correlation was observed
between choroidal thickness and gestational age (women
in week 17–37 of pregnancy were enrolled in the study);
however, various women were examined in the second and
third trimester, and in this study a significantly higher
statistically choroidal thickness was also found in pregnant
women, compared to those who were not pregnant [24].
Similarly, Goktas et al. also enrolled variouswomen at various
gestational ages into their study [25]. This is the first study
in which the choroidal thickness was compared between the
three trimesters of pregnancy.The study covered 30women in
the first, 30 women in the second, and 30 women in the third
trimester of pregnancy, as well as 30 healthy nonpregnant
women. The analysis showed statistically significant differ-
ences between the choroidal thickness in the second trimester
of pregnancy and choroidal thickness in women who were
not pregnant.The researchers presume that the thickening of
the choroid may occur in the subfoveal, nasal, and temporal
areas in the second trimester [25].

2.4. Choroidal Thickness and Haemodynamic and Hormonal
Changes During Pregnancy. Most researchers investigating
choroidal thickness in pregnant women interpret changes in
the choroidal thickness with reference to the haemodynamic
and hormonal changes which occur in pregnancy [9, 19–
26, 29].

During pregnancy, an increase in the blood volume,
an increase in cardiac output caused by an increase in the
stroke volume, and acceleration of the heart rate occur.
A decrease in systemic resistance also occurs. Hormonal
changes taking place in pregnancy are the cause of consid-
erable haemodynamic changes. As early as the first weeks
of pregnancy, changes in the hormonal balance are clearly
observed. Estrogen stimulates the activity of the renin-
angiotensin-aldosterone system, which is the main cause of
water retention. A decrease in peripheral vascular resistance
results from the effect of many active substances decreasing
the vascular wall tone, including pregnancy hormones: estro-
gen, prolactin, placental lactogen, prostaglandin, or nitric
oxide. The circulating blood volume increases from week 5-6
of pregnancy, most rapidly fromweeks 20 to 24, while during
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Table 2: Association between subfoveal choroidal thickness with other factors in the study groups.

Studies Study groups AL CCT Age Gestational age DPB SBP MBP OPP BCVA RE IOP

Liu et al. Pregnant women A C A C C C B C B C C
Nonpregnant women A C A D C C B C B C C

Takahashi et al. Pregnant women A B C C C C B B B A C
Nonpregnant women A B C D C C B B B A C

Kara et al. Pregnant women C C C C B B B C B C C
Nonpregnant women B B B D B B B B B B B

Dadaci et al. Pregnant women B B B A B B B B B B B
Nonpregnant women B B B D B B B B B B B

Ulusoy et al.
Pregnant women C B C C B B C C C B C

Nonpregnant women C B C D B B C C C B C
Women after pregnancy C B C D B B C C C B C

Sayin et al.
Pregnant women C C C A B B B A B C C

Nonpregnant women C C C D B B B C B C C
Women with Preeclampsia C A C C B B B C B C C

Goktas et al. Pregnant women B B B C B B B C B B B
Nonpregnant women B B B D B B B C B B B

Kim et al.
Pregnant women B B B B B B B B B B B

Nonpregnant women B B B D B B B B B B B
Women with Preeclampsia B B B B B B B B B B B

Rothwell et al. Pregnant women B B B B B B B B B B B
Nonpregnant women B B B D B B B B B B B

Ataş et al.
Pregnant women B B B B B B B B B B B

Nonpregnant women B B B D B B B B B B B
Women with Preeclampsia B B B B B B B B B B B

A: statistically significant relationship; B: not rated; C: no dependency has been demonstrated; D: not applicable; Al: axial length; CCT: central corneal thickness;
DBP: diastolic blood pressure; SBP: systolic blood pressure; MBP: mean blood pressure; OPP: ocular perfusion pressure; BCVA: best corrected visual acuity;
RE: refractive error/spherical refraction; IOP: intraocular pressure.

the second half of pregnancy it still increases but in a con-
siderably lower degree. The mean increase in blood volume
is approximately 45%; however, high individual differences
occur.The peripheral resistance decreases from the first week
of pregnancy. Vascular resistance drops by approximately 10%
in the first trimester of pregnancy; subsequently, its values are
35% lower from the initial values in week 20 of pregnancy;
it remains constant by week 32 and then slightly increases
[2, 40].

As a result of the effect on the haemodynamics of the
cardiovascular system in pregnancy, the effect of a decrease
in vascular resistance prevails over the effect of an increase in
blood volume, resulting in a decrease in systolic and diastolic
pressure. Decreased vascular resistance may result in an
increased blood flow through many organs, for example, the
uterus, kidneys, and skin [2].

It is assumed that the choroid, as a tissue built mainly
of blood vessels, in which the blood flow constitutes 85% of
the blood flow through the eyeball, should respond by an
increase in its thickness to an increase in blood flow and drop
in the value of peripheral resistance. Some researchers have
explained the increase in the choroidal thickness in pregnant

women observed in their studies based on this assumption
[9, 21, 24, 25].

Blood flow through the blood vessels depends on per-
fusion pressure, and ocular perfusion pressure (OPP) is
considered to be a driving force of the blood circulation in the
eye [41, 42]. The study conducted by Kim et al. showed a sta-
tistically significant relationship between subfoveal choroidal
thickness and OPP in the examined young healthy indi-
viduals [10]. In available reports concerning studies on the
choroidal thickness in pregnant women, the relationship
between choroidal thickness and OPP has been assessed in
several studies [9, 21, 22, 24, 25]. Despite the fact that in
all these studies a significantly higher statistically choroidal
thickness was observed in pregnant women, only the study
by Sayin et al. found a positive relationship between the OPP
and choroidal thickness in pregnant women [24].

There is a lack of research which would trace choroidal
thickness in the same women in all trimesters of pregnancy,
which would allow an evaluation of whether the changes
taking place in the third trimester, such as volume overload
which is the highest in the third trimester, are transposed into
the choroidal thickness. Dadaci et al. observed a decrease in
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the choroidal thickness in the third trimester of pregnancy.
The researcher explained such a result by, among others, the
fact that in the third trimester fluid volume increases by
nearly 40%, and this decrease in choroidal thickness may
result from the redistribution of blood to the uterus, skin,
and kidneys [23]. In the study by Goktas et al., a significantly
higher statistically choroidal thickness was observed in the
second trimester. According to the researchers, the reduction
of arterial pressure and vascular resistance, which occurs in
the second trimester, is responsible for the result of the study
[25]. In the remaining studies, no relationship was confirmed
between gestational age and choroidal thickness [9, 20–22,
25].

2.5. Choroidal Thickness and Central Serous Chorioretinopa-
thy. While interpreting changes in the choroidal thickness
during pregnancy it was also assumed that, in associa-
tion with the frequent occurrence of central serous chori-
oretinopathy (CSC) during pregnancy, to which the period
of pregnancy is predisposed, and during which the choroid is
thicker, an increased choroidal thickness should be expected
in pregnancy [26]. A strong relationship between CSC and
pregnancy is well known. A retrospective clinical-control
trial showed that pregnancy is an important risk factor of
CSC [43]. It is presumed that an increase in the choroidal
thickness in patients with CSC is caused by an excessive
permeability of the vessels [44]. The occurrence of CSC
was also associated with the effect of corticosteroids, which
may affect choroidal function leading to changes on the
level of free radicals, prostaglandin, and NO, an elevated
level of which leads to autoregulation disorders, abnormal
blood pressure in capillaries, and, consequently, an increased
permeability of choroidal vessels [45, 46]. At the beginning
of their study, Kim et al. also assumed that, in pregnancy,
due to more frequently diagnosed CSC, the choroid may be
thicker. The study by Kim et al. included healthy pregnant
women, women with the diagnosis of preeclampsia, and
nonpregnant women. The authors of the study did not find
any statistically significant differences in choroidal thickness
between pregnant and nonpregnant women; however, they
found that in the case of women with preeclampsia the
choroid was statistically significantly thicker. According to
Kim et al., pregnancy itself is related to neither an increased
permeability of the choroid nor its increased thickness, but
rather an increased permeability is observed only in some
women in response to the effect of some factors, such
as increased fluid volume, dilation of the vessels, reduced
osmotic pressure, or changes in the level of prostaglandins,
whichmay lead to CSC in pregnant women [26]. Takahashi et
al. conducted a study to compare choroidal thickness between
pregnant and nonpregnant women and tried to evaluate the
relationship between CSC and pregnancy. The study covered
a group of 25 pregnant women in the third trimester, while
the control group were 27 women who were not pregnant
[20]. In this study, like the study by Kim et al., no statistically
significant differences in the choroidal thickness were found
between pregnant women and the control group, in any of
the measured areas [20, 26]. Concerning the relationship

between choroidal thickness andCSCTakahashi et al. did not
find such a relationship [20].

3. Conclusions

The problematic question of whether choroidal thickness in
women with uncomplicated pregnancy is subject to change,
and what mechanisms may be responsible for these changes,
requires further studies. The choroidal thickness is affected
by many factors, which considerably hinder the assessment
of what mechanisms affect the change of its thickness. This
assessment is even more difficult because the mechanism of
autoregulation in the choroidal blood flow has not been fully
recognized. Considering the fact that the character of the
EDI-OCT examination, which is precise, repeatable, quick,
and noninvasive, has great potential in the recognition of
the effect of various factors on the anatomy of the choroid.
It would be advisable to consider it for further studies
concerning choroidal thickness in pregnant women. These
studies should concern women in all three trimesters of
pregnancy and consider the factors exerting an effect on
choroidal thickness which have already been recognized.
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