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Purpose: The aim of the study was to analyze the effects of uneventful phacoemulsification 

surgery on choroidal thickness (CT) using spectral domain optical coherence tomography 

(SD-OCT).

Methods: In this prospective study, 38 eyes of 38 patients having phacoemulsification surgery 

were included. All patients underwent detailed ophthalmologic examination, including preo

perative axial length (AXL) measurement with optical biometry and intraocular pressure (IOP) 

measurement preoperatively and 1 month postoperatively. The CT was measured perpendicularly 

at the fovea and 1.5 mm temporal, 3.0 mm temporal, 1.5 mm nasal, and 3.0 mm nasal using 

SD-OCT preoperatively and 1 month postoperatively. Changes in the CT after surgery and cor-

relation of this change with age, AXL, preoperative IOP, and IOP change were evaluated.

Results: There was a statistically significant increase in the CT at all regions evaluated. This 

increment was more prominent in the nasal and subfoveal regions. The IOP decreased signifi-

cantly 1 month after surgery (16.14±4.94 mmHg vs 13.91±4.86 mmHg; P,0.001). The change 

in IOP was correlated with the CT changes at all regions, whereas age, AXL, and preoperative 

IOP had no significant correlations with the changes in CT.

Conclusion: Phacoemulsification surgery may cause significant increase in CT, which is 

correlated with surgery-induced IOP change in the short term. Long-term follow-up of eyes 

having phacoemulsification surgery may provide further insight into the effects of cataract 

surgery on the choroid.
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Introduction
The choroid is a vessel-rich structure located between the lamina fusca of the sclera 

and the retinal pigment epithelium. It supplies blood to the outer retinal layers. 

Choroidal thickness (CT) is thought to indicate the amount of choroidal vascular-

ization and varies by age, sex, axial length (AXL), refractive status, and circadian 

rhythm.1,2 The choroid is reported to play a role in many vision-threatening diseases 

such as choroidal neovascularization, polypoidal choroidal vasculopathy, central 

serous chorioretinopathy, and chorioretinal atrophy associated with high myopia.3–6 

Thus, choroidal structural alterations are increasingly evaluated in scientific studies 

to understand the pathophysiology of these critical diseases.

Phacoemulsification surgery is the most frequently performed eye surgery, especially 

at advanced ages, and is generally associated with good visual outcomes. However, 

cataract surgery is known to have adverse effects on the retina, such as progression in 

diabetic retinopathy and pseudophakic cystoid macular edema, and the pathogenesis 

of such conditions is not yet clarified.7,8 Also, epidemiological studies show that cata-

ract surgery is associated with the onset of age-related macular degeneration (AMD), 
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although the association is still controversial.9 The develop-

ment of AMD may be induced after cataract surgery due 

to reasons such as inflammatory reactions associated with 

cataract surgery, increased free radicals after surgery, the 

release of growth factors and prostaglandins, and increased 

light exposure during surgery.10–14 AMD is a serious disease, 

threatening vision due to neovascularizations arising from the 

choroid. The changes in the choroid after cataract surgery 

may induce the development of AMD.

An increment in the retinal thickness was reported after 

cataract surgery even in healthy eyes with no detected mor-

phological impairment using spectral domain optical coher-

ence tomography (SD-OCT).15 Given the close link between 

the retina and choroid, affected change in CT might also be 

expected after cataract surgery. Evaluation of choroid has been 

restricted to ultrasonography and angiography previously, 

while the choroid can be examined in detail with SD-OCT. 

SD-OCT provides detailed histological sectional images of 

the retina in vivo and provides useful information for the 

diagnosis, evaluation of the treatment options, and follow-up 

of several retinal diseases.16 The present study aims to examine 

the possible alterations in the CT after uncomplicated pha-

coemulsification surgery using SD-OCT and to investigate the 

potential mechanisms that may cause such changes.

Methods
This prospective study was conducted at the Department of 

Ophthalmology, Faculty of Medicine, Bozok University, 

Yozgat, Turkey. The study evaluated 38 eyes of 38 patients 

undergoing uncomplicated phacoemulsification surgery. 

The study was approved by the Bozok University Ethical 

Committee and was performed in accordance with the ethical 

principles described in the Declaration of Helsinki. All 

subjects enrolled in the study agreed to participate, met the 

inclusion criteria, and signed an informed consent agreement 

before any procedures were performed.

Patients with diabetes mellitus, hypertension, dyslipidemia, 

any known systemic diseases, uveitis, glaucoma, retinal vein/

branch occlusion, or other vascular and inflammatory retinal 

diseases, and previous eye surgery were excluded from the 

study due to the effect on CT. Smoking was an exclusion 

criterion as well. Cataract hardness of the patients was evalu-

ated and standardized based on the Lens Opacities Classifica-

tion System (LOCS) III staging system,17 and patients with 

severe cataracts that might prevent a reliable SD-OCT mea-

surement and poor fixation were excluded from the study.

All surgeries were performed by the same experienced 

surgeon (HAB). Phacoemulsification surgery was performed 

through a 2.8 mm clear corneal incision. An Infiniti Vision 

System (Alcon Inc., Fort Worth, TX, USA) was used in all 

surgeries, and same hydrophobic acrylic intraocular lens 

(Acriva UD 613; VSY Biotechnology, Istanbul, Turkey) 

was implanted in all cases. Effective phaco times (EPT) and 

duration of the operations were recorded. The patients were 

administered topical moxifloxacin for 1 week and topical 

prednisolone for 4 weeks after the surgery.

All patients underwent a detailed ophthalmologic exami-

nation including visual acuity measurement, anterior segment 

biomicroscopy, dilated fundus examination, and intraocu-

lar pressure (IOP) measurement (applanation tonometry) 

preoperatively and 1 month postoperatively. Furthermore, 

AXL measurement using optical biometry (Lenstar LS 900; 

Haag-Streit AG, Koeniz, Switzerland) was performed in all 

cases, preoperatively. SD-OCT measurements were obtained 

in the morning (between 9 am and 11 am) in order to avoid 

the effect of diurnal fluctuations. Changes in the CT after 

surgery and correlation of this change with age, AXL, EPT, 

preoperative IOP, and IOP change were evaluated.

Image acquisition and processing
Choroidal imaging was performed using RTvue-100 SD-

OCT system (Optovue Inc, Fremont, CA, USA). The system 

uses a scanner diode laser of 840±10 nm. The depth resolu-

tion of the system is 5 µm in tissue.

For CT measurement, the patient’s head and chin were 

properly positioned, then the patient was asked to maintain 

fixation on the internal fixation light, and a reverse image 

was obtained from the retina. The image was automatically 

inverted so that the chorioretinal interface was adjacent to 

the zero delay.

The retina cross-line was used as the scanning pattern; 

this mode provides two orthogonally oriented 6 mm lines 

consisting of 1024 A-scans, perpendicular to each other. 

Sections passing through the fovea vertically and 1.5 and 

3.0 mm nasal and temporal to the fovea were used for the 

measurements. The choroidal margins were taken as the 

distance between the outer margin of hyperreflective retinal 

pigment epithelium and the internal side of the sclera. Only 

images with a signal strength $45 were taken. CT measure-

ments were performed manually by two different physicians 

(SAB and HAB), who were unaware of each other. These 

measurements were averaged; the difference between the 

measurements of the physicians was 10% of the average.

Statistical analysis
All data were analyzed using SPSS software (Version 16.0, 

SPSS Inc., Chicago, IL, USA). The χ2 test was used to make 

comparisons between the categorical data. The Shapiro–Wilk 
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test was used to determine whether the data were distributed 

normally. Since the data were distributed normally, the 

paired-samples t-test was used for the comparison between 

preoperative and postoperative measurements. Potential 

parameters that might be associated with CT were evaluated 

using Pearson’s correlation analysis and regression analysis. 

Evaluations were made at a 95% confidence interval, and a 

P-value ,0.05 was considered statistically significant.

Results
Thirty-eight eyes of 38 patients (20 women and 18 men) were 

included. The mean age of the patients was 63.80±10.78 years. 

There was only one patient with grade IV cataract hardness; 

the rest of the patients had grade II–III cataract hardness 

according to LOCS III (Table 1). All surgeries were per-

formed using a 2.8-mm incision. The mean duration of the 

operation was 14.78±3.47 minutes, and the mean EPT was 

6.37±3.47 seconds. There were no complications during any 

of the surgeries.

The mean subfoveal CT was 247.10±64.92 µm before 

surgery (Figure 1) and 267.84±74.1 µm at 1 month postop-

erative follow-up (P=0.002; Figure 2). A significant increase 

in the CT was observed in all regions (P,0.05 for all); such 

an increase was especially evident in the nasal and subfoveal 

regions. The IOP was significantly lower at the 1-month 

follow-up evaluation than preoperatively (16.14±4.94 mmHg 

vs 13.91±4.86 mmHg; P,0.001). When the potential factors 

affecting the change in the CT were analyzed, the change in 

the CT was correlated with a change in IOP for all sectors; no 

significant correlation was observed between CT changes and 

age, AXL, EPT, or preoperative IOP levels (Tables 2 and 3).

Discussion
It has been suggested that cataract surgery may be associated 

with the onset of AMD. The Beaver Dam and Blue Mountains 

groups reported an increased incidence of AMD with cata-

ract surgery.18,19 In contrast, in the Age-Related Eye Disease 

Study, there was no significant increase in the incidence of 

AMD after cataract surgery.20 Although the fundoscopic 

appearance of the retina does not change with phacoemulsi-

fication in most eyes undergoing cataract surgery, subclini-

cal changes in the macula and choroid have been reported 

after phacoemulsification surgery, as indicated by SD-OCT 

sectional imaging of the retina.21 The effects of such subclini-

cal changes are not yet fully understood. SD-OCT imagery 

highlights the importance of CT changes in diseases of the 

choroid and retina, such as diabetic retinopathy, AMD, and 

central serous chorioretinopathy.5,6,22,23

Pierru et al24 examined the subfoveal CT after cataract 

surgery; they reported that the CT began to increase post-

operatively on day 7 and reached its highest value 1 month 

postoperatively. The follow-up exam at 3 months showed 

a decrease in CT.24 Noda et al21 reported that subfoveal CT 

increased as indicated in the follow-up examination 1 month 

after surgery; however, subfoveal CT did not return to 

preoperative values as indicated in the 6-month follow-up 

examination. Another study evaluating the CT after cataract 

surgery found no significant changes in CT values 1 week and 

1 month after surgery;25 however, the study was conducted 

with a limited number of participants (14 patients). In the 

present study, we observed that subfoveal CT increased sig-

nificantly 1 month after cataract surgery. We believe that the 

increase in CT was associated with reduced IOP.

We administered anti-inflammatory (prednisolone) eye 

drops to our patients for 1 month following surgery. Anti-

inflammatory therapies are known to reduce postoperative 

inflammation and suppress the inflammatory response in 

the retina.26 Anti-inflammatory therapies may also reduce 

the postoperative choroidal response. We administered 

postoperative anti-inflammatory therapy to all of our patients 

as part of our standard treatment protocol in this study to 

evaluate the actual postoperative choroidal response.

The mechanism through which cataract surgery increases 

inflammation in the retina and choroid has yet to be fully 

explained. It has been suggested that the CT may increase 

due to proinflammatory cytokines and prostaglandins that 

are believed to increase after cataract surgery.27,28 It is 

known that surgical trauma induces aqueous humor pros-

taglandin release and that these prostaglandins impair the 

blood–aqueous barrier. When the blood–aqueous barrier is 

impaired, other inflammatory mediators, such as endotoxin, 

cytokines, and immune complexes, accumulate in the aque-

ous humor. These inflammatory mediators pass through 

the vitreous to the retina, leading to an impaired inner and 

outer blood–retinal barrier.29 The inflammatory response in 

the anterior segment, which develops secondary to cataract 

surgery, may thereby also cause inflammatory cascades in 

the posterior segment. However, these mechanisms cannot 

Table 1 Preoperative characteristics and intraoperative para­
meters of subjects

Characteristics Data

Preoperative visual acuity (Snellen chart) 0.35±0.16#

Postoperative visual acuity (Snellen chart) 0.92±0.11#

Laterality (right/left) 21/17
Cataract hardness LOCS grade II–IV
Mean total surgical time 14.78±3.47 minutes
Mean effective phaco time 6.37±3.47 seconds

Note: #Data presented as mean ± SD. 
Abbreviation: LOCS, Lens Opacities Classification System.
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Figure 1 Choroidal thickness measurement at the fovea preoperatively.

Figure 2 Choroidal thickness measurement at the fovea postoperatively.

explain why the increased choroidal blood supply continues 

for up to 6 months after cataract surgery.

Another mechanism suggested for inflammation induced 

by surgical trauma is increased gene expression that simul-

taneously induces inflammatory response in all structures of 

the eye. In a mouse model, extracapsular lens extraction was 

found to increase protein secretion in the retina and choroid 

through proinflammatory gene expression. An increase was 

observed in the expression of genes related to chemokines 

such as CCL-2 and SDF-1, which can impair the blood–

retinal barrier in the retina, retinal pigment epithelium, and 

choroid in operated eyes, as well as growth factors such as 

fibroblast growth factors and vascular endothelial growth 

factors. The same study also established that IL-1β, a proin-

flammatory cytokine, increased in the ganglion cell layer, 

inner nuclear layer, and choroid in operated eyes.28 Another 

animal study involving monkeys showed that cataract sur-

gery destroyed the outer blood–retinal barrier and increased 

macular thickness.29

It has been shown that even uncomplicated phacoemulsi-

fication has effects on retina, in general as temporary thick-

ening of the central retina. This effect could be attributed 

to factors such as ultrasound power used during surgery or 

the intraoperative IOP fluctuations caused by surge or the 

intraoperative photostress due to microscope light.30 When 

we evaluated our data on the correlation between EPT and 

CT, we did not find any correlation. Though the cataract hard-

ness of the patients in our study ranged from grade II to IV 

based on LOCS III, patients with severe cataracts that might 

prevent a reliable SD-OCT measurement were excluded, and 

there was only one patient with grade IV cataract hardness. 

Since the patients expecting high ultrasonic energy due to 
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hard cataracts were excluded, our patient group was homo-

geneous in terms of cataract hardness, and this might prevent 

detection of any possible correlation between EPT and CT. 

On the other hand, Ching et al31 showed thicker preopera-

tive retinal thickness than those in the early postoperative 

period, and the authors suggested that possible measurement 

errors in preoperative evaluation might be the reason of their 

results. So, all these factors might also have an influence on 

CT, and while interpreting our results, these factors should 

also be kept in mind.

IOP decreases after cataract surgery.32 To understand the 

reasons for IOP decrease after phacoemulsification, many 

factors should be taken into account. By removing the thick 

lens, blockage of aqueous outflow with lens is prevented, the 

angle of anterior chamber opens, aqueous outflow improves, 

and consequently IOP decreases. A study by Ohsugi et al33 

with 100 patients reported a negative correlation between 

change in CT and change in IOP in the postoperative early 

period, supporting the present study; however, they did not 

establish any correlation between CT change and IOP for 

many regions in subsequent periods. Although their recent 

report showed a significant correlation between change in 

CT and change in IOP in the early postoperative period, we 

believe that this is worth confirming in a further study. Also, 

in our study, the same experienced surgeon performed all 

surgeries and the same intraocular lens was implanted in all 

cases, whereas in the study by Ohsugi et al,33 seven surgeons 

performed the surgeries and uniformity of intraocular lens 

was not mentioned, so these might have limited standardiza-

tion of the surgical technique in their preliminary report.

The increase in CT may be due to increased ocular perfu-

sion pressure caused by reduced IOP in the early period after 

cataract surgery. The driving force for ocular blood flow is the 

ocular perfusion pressure, defined as ocular arterial pressure 

minus IOP.34 Animal studies showed that induction of ocular 

hypertension resulted in decreased blood flow through the 

choroid, while retinal blood flow remained at normal levels, 

suggesting a marked difference in autoregulatory capacity 

between the choroidal and retinal vascular beds.35 It was 

also demonstrated that in vivo subfoveal CT as measured by 

enhanced depth imaging-OCT was significantly associated 

with ocular perfusion pressure, suggesting that subfoveal CT 

may be indirectly indicative of subfoveal ocular perfusion 

status.36 Since there is an inverse relation between IOP and 

ocular perfusion pressure, the increase in CT may be due to 

increased ocular perfusion pressure caused by reduced IOP 

in the early period after cataract surgery in our study. In the 

future, the IOP–CT relationship may be understood upon 

evaluation of changes in CT after glaucoma surgery, which 

greatly influences IOP.

In this study, we did not find any correlation between 

the AXL and age with CT; however, the included subjects 

were older patients within nearly the same age range, and 

the patients having myopic fundus were not included in the 

study. Thus, these might have limited our results on the cor-

relation between the AXL and age with CT.

Table 2 CT and intraocular pressure measurements before and after phacoemulsification surgery

Parameter Before surgery 1 month after surgery Changea P-valueb

Subfoveal CT, µm 247.10±64.92 267.84±74.11 20.74±34.58 0.002
CT 1.5 mm nasal to the fovea, µm 197.18±66.15 214.47±69.45 17.29±32.89 0.005
CT 3.0 mm nasal to the fovea, µm 191.15±64.85 209.81±71.32 18.66±35.12 0.004
CT 1.5 mm temporal to the fovea, µm 218.18±70.44 229.89±65.02 11.71±39.12 0.012
CT 3.0 mm temporal to the fovea, µm 202.95±68.52 213.62±68.62 10.67±34.75 0.035
Intraocular pressure, mmHg 16.34±4.14 13.41±4.86 -2.93±4.11 ,0.001

Notes: aPostoperative–preoperative value. bPaired-samples t-test. Data presented as mean ± SD.
Abbreviation: CT, choroidal thickness.

Table 3 Single regression analysis of factors affecting the changes in choroidal thickness

CT∆ area Age Axial length Preoperative IOP Change in IOP

β coeff R² P-value β coeff R² P-value β coeff R² P-value β coeff R² P-value

Fovea 0.39 0.04 0.112 -1.34 0.01 0.247 0.39 0.02 0.225 -2.09 0.09 0.002
1.5 nasal 0.32 0.06 0.145 -1.45 0.02 0.245 0.75 0.02 0.199 -2.11 0.15 0.003
3.0 nasal 0.27 0.03 0.189 -1.85 0.02 0.152 0.77 0.03 0.425 -1.65 0.05 0.032
1.5 temporal 0.30 0.03 0.205 -1.91 0.03 0.415 0.25 0.04 0.532 -1.87 0.04 0.014
3.0 temporal 0.38 0.02 0.195 -1.12 0.01 0.292 0.37 0.01 0.654 -1.28 0.18 0.032

Abbreviations: ∆CT, change in choroidal thickness; IOP, intraocular pressure; R², coefficient of determination; coeff, coefficient.
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Conclusion
Cataract surgery causes an increase in CT, which is cor-

related with a change in IOP in the early stages. This is 

especially important for understanding the pathogenesis of 

diseases associated with choroidal changes, such as cystoid 

macular edema, which increase in prevalence following 

cataract surgery.
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