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	 Background:	 Cataract surgery is associated with the development of late-onset age-related macular degeneration (AMD). 
The pathogenic mechanism is still not fully established. The purpose of this study was to evaluate the possi-
ble changes in central macula thickness (CMT) and subfoveal choroid thickness (SCT) after uneventful cataract 
surgery.

	 Material/Methods:	 A total of 65 eyes of 65 patients who underwent phacoemulsification and intracapsular lens implantation were 
included in this prospective study. Patients had not undergone previous ocular surgery and had no other oc-
ular abnormality. CMT and SCT were measured at baseline and postoperatively at week 1 and months 1, 3, 6 
and 12 via spectral domain optical cohorence tomography (SD-OCT).

	 Results:	 CMT was 252.4±27.6 μm (mean ±SD) preoperatively, then 253.5±29.8, 256.1±28.7, 257.4±27.2, 253.18±23.7, 
and 252.8±21.7 μm at postoperative week 1 and postoperative months 1, 3, 6, and 12, respectively. There 
were insignificant changes in CMT, and it returned to baseline at six months after surgery (all p>0.05). SCT was 
237.4±21.6 μm preoperatively, and 240.5±24.8, 241.2±25.7, 242.7±26.3, 243.1±24.2, and 244.2±21.4 μm at 
postoperative week 1 and postoperative months 1, 3, 6, and 12, respectively. Although there was an increase 
in SCT during follow-up, the difference between preoperative and postoperative values was not significant 
(p>0.05).

	 Conclusions:	 Uncomplicated phacoemulsification induces subclinical changes in CMT, probably due to the inflammatory in-
sult of surgery, and CMT returns to baseline value. There were slight, insignificant increases in choroid thick-
ness during follow-up, and this did not return to baseline during follow-up. Changes in the choroid after cata-
ract surgery may provide clues to the development of late-onset AMD.
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Background

The choroid is the vascular structure between the retinal pig-
ment epithelium (RPE) and lamina fusca layers of the sclera. It 
is one of the regions with the highest blood circulation ratio in 
the human body [1], and structurally and functionally normal 
choroidal vessels are essential for retinal physiology. Abnormal 
choroidal blood volume may cause photoreceptor dysfunction 
and/or death of the retina [2]. Detailed examination of the cho-
roidal structure is important for a clear understanding of im-
portant disorders that are a threat to vision, such as choroidal 
neovascularization, polypoidal choroidal vasculopathy, cen-
tral serous chorioretinopathy and high myopia chorioretinal 
atrophy. Enhanced depth imaging (EDI) optical coherence to-
mography (OCT) is a novel method for choroidal imaging with 
improved depth perception [3]. In studies that have used EDI-
OCT, choroidal thickness was found to be decreased in disor-
ders such as myopic fundus, diabetic macula edema, and ret-
initis pigmentosa, and increased in disorders such as central 
serous chorioretinopathy, polypoidal choroidal vasculopathy, 
and neovascular age-related macular degeneration (AMD) [4–8].

Cataract surgery with phacoemulsification has become the 
most extensively used intraocular surgery, with very success-
ful visual outcomes, particularly in elderly patients. Subclinical 
changes are reported in retinal layers, even after uncomplicat-
ed surgery [9]. Animal studies and histological research have 
shown that pro-inflammatory molecules released during and 
after surgery are active not only in the retina, but also in the 
choroidal tissues [10,11]. Epidemiologic studies have report-
ed an increase in frequency of age-related macular degener-
ation (AMD) after cataract surgery [12,13]. This may be a re-
sult of both induction of pro-inflammatory molecules as a 
result of surgery and activation of reactions caused by exces-
sive light entering the eye. Changes that occur in the choroid 
after cataract surgery may provide clues to the development 
of late-onset AMD.

Our aim in this study was to analyze changes in central mac-
ular thickness and subfoveal choroidal thickness by SD-OCT 
after uneventful cataract surgery. To our knowledge, there are 
no previous studies examining changes in choroidal thickness 
during a follow-up period of one year after cataract surgery.

Material and Methods

In this prospective study, we examined 65 eyes of 65 patients 
(30 female, 35 male) who had senile cataract in their eyes. We 
also examined the contralateral eye of patients which did not 
have any problem and had not had any ophthalmic surgery 
during follow-up. Prior to the cataract surgery, the possible 
complications were explained to the patients, and all patients 

signed a consent form. All research and measurements followed 
the principles of the World Medical Association Declaration 
of Helsinki. The study was approved by the Kocaeli University 
ethics committee.

Patients were excluded if they had glaucoma, retinal disease, 
uveitis, diabetes mellitus, or other systemic diseases that could 
affect the retina and choroid, or if they were taking anti-in-
flammatory drugs. Patients with abnormal macular morphol-
ogy preoperatively or opacification that could interfere with 
OCT were also excluded.

All patients underwent measurement of best corrected visual 
acuity, measurement of intraocular pressure (IOP) with appla-
nation tonometry (Nidek ND 2000), biomicroscopy, fundus ex-
amination, and OCT before cataract surgery, and postoperative-
ly at week 1 and months 1, 3, 6, and 12. CMT measurements 
were performed with SD-OCT (Spectralis HRA OCT; Heidelberg 
Engineering, Heidelberg, Germany). Central 1 mm thickness was 
measured by the fast macular thickness map composed of 16 
parallel scans. SCT was recorded from the subfoveal area us-
ing EDI with the same OCT. Because choroidal thickness dem-
onstrates diurnal variation, measurement was made at the 
same time each day (between 09.30 and 11.00 hours) [14]. 
All subjects were imaged by the same experienced technician.

Cataract surgeries were performed between May 2014 and 
December 2014 under topical anesthesia, using a standard 
technique. The white-colored, blue-light-filtering, hydropho-
bic, aspheric intraocular lens was implanted “in the bag” in all 
cases, and then the viscoelastic material was carefully washed 
out from the anterior chamber. The duration of phacoemulsi-
fication varied between 61 seconds and 171 seconds, and the 
mean phaco energy was between 20% and 35%. Postoperative 
medication was the same for all patients, consisting of dexa-
methasone, nepafenac, and moxifloxacin eye drops applied 
five times daily for three weeks.

Statistical analysis

All statistical analyses were performed using SPSS for Windows 
software (version 18.0, IBM SPSS, Armonk, NY, USA). All val-
ues were given as mean±SD. Changes in CMT, SCT, and IOP af-
ter surgery were analyzed by repeated-measures ANOVA and 
Bonferroni post hoc test. Peak postoperative values were com-
pared with baseline by paired t-test. Values of p<0.05 were 
considered statistically significant.

Results

The 65 patients comprised 35 (53.8%) women and 30 (46.2%) 
men, aged 66.8±9.3 years (range: 45–75 years). CME was not 
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observed by OCT in any of our patients during follow-up. Mean 
CMT was 252.4±27.6 μm before surgery; postoperative mea-
surements were 253.5±29.8 μm at week 1, and 256.1±28.7 μm, 
257.4±27.2 μm, 253.1±23.7 μm, and 252.8±21.7 μm at months 
1, 3, 6, and 12, respectively. (Figure 1) There were insignifi-
cant slight changes in CMT and these had returned to base-
line by six months after surgery (all p > 0.05) The mean CMT 
of contralateral eyes was 251.2±28.6 μm before surgery; post-
operative measurements were 251.5±27.8 μm at week 1, and 
251.1±31.7 μm, 251.9±27.2 μm, 251.6±24.7 μm, and 251.5±22.8 
μm at months 1, 3, 6, and 12, respectively. There were no chang-
es in CMT during the follow-up (all p>0.05)

Mean SCT before surgery was 237.4±21.6 μm; postoper-
ative measurements were 240.5±24.8 μm at week 1, and 
241.2±25.7 μm, 242.7±26.3, 243.1±24.2 μm, and 244.2±21.4 μm 
at months 1, 3, 6, and 12, respectively (Figure 2). Although 
there was a small increase in SCT during follow-up, the dif-
ference between preoperative and postoperative values was 
not significant (p>0.05). The mean SCT of contralateral eyes 
was 238.4±22.7 μm before surgery; postoperative measure-
ments were 237.9±23.9 μm at week 1, and 238.1±21.6 μm, 
238.4±24.2 μm, 238.2±21.9 μm, and 238.9±23.8 μm at months 
1, 3, 6, and 12, respectively. There were no changes in SCT dur-
ing the follow-up (all p>0.05)

Mean IOP was 17.6±2.1 mmHg before surgery; postoperative 
measurements were 16.9±2.8 mmHg at week 1, and 14.7±2.6 
mmHg, 13.8±2.8 mmHg, 13.4±2.4 mmHg, and 13.1±3.4 mmHg 
at months 1, 3, 6, and 12, respectively. Postoperative IOP sig-
nificantly decreased during follow-up, with a significant differ-
ence in IOP rates before and after surgery (p<0.05)

Discussion

The main finding of our study is that a continuous increase in 
choroidal thickness was observed during the follow-up period 

of 12 months, in comparison with measurements before sur-
gery, but without a statistically significant difference. In terms 
of macular thickness, CMT increased very slightly in the first 
three months in comparison with measurements before sur-
gery, and showed a regression back to pre-surgery baseline 
values in month six. Cystoid macular edema (CME) was not 
observed in any cases during follow-up.

Falavarjani et al. have argued that cataract types and grades 
are important in measuring retinal thickness, and similarly, 
choroidal thickness measurement is also affected by the cat-
aract [15]; however, they used time domain OCT, whereas we 
used SD-OCT. In addition, we excluded patients with dense 
cataracts in order to catch straight images, and we minimized 
the effect of the cataract on the macular and choroidal thick-
ness measurements.

In our study, macular thickness was found to increase to some 
degree in the three months after surgery, confirming other pub-
lished reports, but it had returned to preoperative values at the 
six-month follow-up. This change in macular thickness seems 
to be due to inflammation caused by surgery. Prostaglandins 
and cytokines released during surgery play an important role in 
the development of postoperative cystoid edema and contrib-
ute to the increase in macular thickness detected by OCT [16]. 
Lobo et al. found localized fluorescein leakage from the ret-
ina to the vitreous as a result of disruption to the blood-ret-
ina barrier, and this increased macular thickness [17]. In an-
imal studies, both the inner and outer blood-retina barriers 
were shown to be disrupted with the surgery [10,11]. Clinical 
studies have shown that the frequency of macular edema in-
creases with an increasing number of complications during 
surgery, such as iris trauma, posterior capsule rupture, loss 
of vitreous, or intra-ocular lens dislocation [18,19]. Nagy et al. 
reported lower increases in macular thickness in their series 
of femtosecond cataract surgery, which was attributed to re-
duced anterior segment manipulation and consequent reduc-
tion in release of prostaglandins [20].

Figure 1. �Time course of central macula thickness before 
(i.e., baseline) and after surgery.
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Figure 2. �Time course of subfoveal choroidal thickness before 
(i.e., baseline) and after surgery.
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A number of publications have examined changes in choroid 
thickness after cataract surgery, and generally in these studies 
SCT was evaluated, because the choroidal vascular structure 
was most dense at the fovea, which possesses high photore-
ceptor density and metabolic activity at the macula center [21]. 
Noda et al. found a statistically significant increase in subfoveal 
choroidal thickness in the first month after surgery and noted 
nearly the same values until the six-month follow-up [22]. In a 
study by Pierru et al., statistically significant increases in choroi-
dal thickness occurred from the first day, which did not regress 
to preoperative values during follow-up for three months [23]. 
Ohsugi et al. noted statistically significant increases at sub-
foveal and inferior perifoveal points during choroid thickness 
measurements at different reference points in the macula, and 
non-significant increases at other points [24]. Falcao et al. noted 
insignificant increases in peripapillary and subfoveal choroidal 
thickness at follow-up one month after cataract surgery [25]. 
In our study, no patient developed AMD in the study eye or 
contralateral healthy eye during follow-up, but the increase in 
subfoveal choroidal thickness starting in week one continued 
to progress for the 12 months of follow-up in the eyes oper-
ated upon. In the present study, a significant decrease was 
found in IOP, especially after the third week following cata-
ract surgery. A relatively negative correlation was found be-
tween IOP and choroidal thickness; as IOP was lower and oc-
ular perfusion pressure was higher in the early postoperative 
period, the increase in choroidal thickness was relatively high.

The mean ultrasound phaco energy during surgery and phaco-
emulsification time may have an influence on macular and cho-
roidal thickness after surgery. There were no complications in 
our surgeries, we used low-energy ultrasound, and our phaco-
emulsification time was very short. Thus, we do not consider 
there to have been an extra effect due to surgery. In our in-
stitution, anti-inflammatory eye drops are used as a routine 
procedure for suppression of inflammation after surgery. For 
this reason, the effect of cataract surgery on choroidal thick-
ness cannot be evaluated exactly. The effect of phacoemulsi-
fication surgery on macular and choroidal thickness could be 
assessed in some patients without providing treatment with 
anti-inflammatory eye drops, but this would increase the risks 
for CME and endophthalmitis. In patients that develop CME in 
spite of anti-inflammatory therapy, examination of choroidal 
thickness may help to increase understanding of the effects 
of cataract surgery on the choroid. Pierru et al. found high-
er values of SCT in patients that developed CME after cata-
ract surgery, in comparison with eyes of other patients who 
did not develop this complication [23]. Odrobina et al. exam-
ined choroidal thickness in patients that developed CmE af-
ter cataract, and found that such patients had a thinner sub-
foveal choroid. They reported a decrease in choroidal blood 

flow at the level of the choriocapillaris in eyes in which mac-
ular edema developed as the cause of this [26]. More studies 
are needed on this issue, as there are conflicting results be-
tween existing studies. Inflammation by itself cannot explain 
why the increase in choroidal thickness persists for so long. 
Another speculation is that more light enters the eye during 
and after cataract surgery, and therefore the retina and cho-
roid are exposed to higher levels of light, and that this event 
induces angiogenesis by inducing metabolic activation. If cho-
roidal thickness is assumed to reflect the vascularized state of 
the choroid, then the increase in thickness in the choroidea 
after cataract surgery may be associated with AMD progres-
sion. Increases in the incidence of late-onset AMD and espe-
cially neovascular AMD after cataract surgery were reported 
in the Beaver Dam and Blue Mountains studies [12,13]. Our 
results may shed light on the controversial issue of why the 
frequency of late-onset AMD increases after cataract surgery.

There are some limitations in the present study. The intraocular 
lenses used for the operations were all hydrophobic, aspher-
ic, white in color, and filtered blue light. If different lenses are 
used, different results may occur. Eyes with axial lengths of 
between 21.50 and 24.00 at IOL measurement were includ-
ed in this study; different results could be obtained if short-
er or longer axial lengths are selected. A longer time period 
may be required for light to trigger intraocular reactions and 
cause certain changes, which is why studies with longer fol-
low-up periods are needed. Various publications have report-
ed decreases in SCT of between 1.4 µm and 1.6 µm every year 
in healthy individuals [4,27,28]. Therefore, during a follow-up 
period of one year, a decrease in choroidal thickness would 
be expected over time.

Conclusions

During the one-year follow-up in this study, the effect on mac-
ular thickness of cataract surgery without complications was 
observed to be at a subclinical level, and was also transient, 
declining to preoperative values by postoperative month six. 
SCT was seen to increase continually during the one-year fol-
low-up after surgery, but the sample size would need to be 
enlarged to confirm our conclusion in further studies. The 
choroid may be involved in the pathogenesis of various ocu-
lar disorders. The vascular structure of the choroid is affected 
after cataract surgery, and this may be associated with initia-
tion of late-onset AMD.
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