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ABSTRACT 

Introduction: Cataract surgery by phacoemulsification is an invasive procedure that has become the most common 

intraocular surgery and usually improves the visual outcome. However, it is an inflammatory process to the eye and 

in many cases can lead to worsening of pre-existing retinal diseases such as diabetic macular edema or development 

of new diseases such as Irvine-Gass syndrome. This inflammatory response is mostly induced by the release of 

prostaglandins. 

Objective: The aim of this study was to evaluate the effect of uneventful phacoemulsification on the morphology and 

thickness of the macula and the choroid. 

Patients and Methods: In 30 eyes from 30 patients (15 non-diabetic and 15 diabetic), central retinal macular thickness, and 

subfoveal choroidal thickness, were measured preoperatively and one month and three months after phacoemulsification using 

optical coherence tomography. 

Results: In non-diabetic patients, central macular thickness was 202.80±22.39 μm before phaco and 216.27±23.97 μm after 

1 month and 208.13±23.59 μm after 3 months while Subfoveal choroidal thickness was 203.73±28.66 before surgery and 

218.80±31.09 after 1 month and 209.20±30.63 after 3 months. In diabetic patients central macular thickness was 233.33±12.74 

before surgery and 253.27±15.89 after 1 month and 246.93±22.39 after 3 months while subfoveal choroidal thickness was 

233.80±24.14 before surgery and 252.80±26.59 after 1 month and 243.47±24.45 after 3 months. 

Conclusion: Uncomplicated phacoemulsification induces non pathologic increases in subfoveal choroidal thickness and 

macular thickness probably due to the inflammatory effect of the surgery but it decreases nearly to normal after 3 months; 

however these changes are not accompanied by significant decrease in visual acuity.  
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INTRODUCTION 

Cataracts are the main cause of poor vision in 

older people. The removal of white water using lens 

emulsification surgery is one of the most common eye 

surgery operations (1). Choroid, the highest blood 

circulation in the human body, consists of blood 

vessels, connective tissues, nerves, melanocytes and 

extracellular fluid. Many analyze and research suggest 

that even non-complex emulsification leads to choroid 

disorders, especially an increase in chorionic 

thickness (2, 3). Pseudophakic cystoid macular edema 

(PCME) is the most common cause of low vision after 

cataract surgery. The peak occurs after about 4 to 6 

weeks of surgery. These inflammatory effects of 

surgery may be associated with subclinical changes 

reported in non-active cataract surgery and may also 

be associated with pathological events such as Irvin-

Gass syndrome. In honor of S. Rodman Irvine and J. 

Donald M. Gass (4). 

The exact pathogenesis of PCME remains 

unknown and is likely to be multifactorial. Indeed, 

many factors have been proposed such as vascular 

instability, vitreomacular traction, ocular hypotony, 

and UV light damage.  However, postoperative 

inflammation appears to play a major role in its 

development. The surgical procedure releases 

inflammatory mediators, such as prostaglandins, 

leukotrienes, and cytokines, which lead to the 

breakdown of the blood–aqueous barrier and of the 

blood–retinal barrier (5).  

Optical coherence tomography (OCT) is a non 

invasive method that evaluates biological tissues by in 

vivo imaging. Since its introduction, OCT has 

undergone several improvements and revolutionized 

the diagnostic, monitoring, and therapeutic 

approaches to many retinal diseases and glaucoma. 

Computerized algorithms can be used on the high-

resolution images obtained by modern OCT devices 

to identify and measure the thicknesses of discrete 

retinal layers, including the retinal nerve fiber layer 

(RNFL), macular ganglion cell complex (GCC), and 

choroid (6,7). 

Because cataract surgery has an inflammatory 

effect to the eye, several studies investigated the 

possibility that it may lead to an increase in the 

choroidal and retinal thickness at the posterior pole 

and that this eventual increase in choroidal thickness 

may be related to the changes in retinal macular 

thickness (8, 9). The subfoveal choroidal thickness 

(SFCT) is measured vertically, at the fovea, from the 

outer surface of the hyperreflective line ascribed to the 

retinal pigment epithelium (RPE) to the 

hyperreflective line of the inner sclera border (10). 

Diabetes is a metabolic disease affecting the 

systemic vasculature. Although the principal changes 

in diabetic eyes usually occur in the retinal 

vasculature, additional changes can be also observed 

in the choroidal layer; an important vascular tissue 

that supplies blood to the outer retina (11). 
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Histologic studies of diabetic eyes showed 

increased tortuosity, focal vascular dilation or 

narrowing, and the formation of sinus like structures 

between the choroidal lobules. Also, in some 

advanced cases, luminal narrowing of the capillaries, 

capillary dropout, and focal scarring  (12). 

The aim of this study was to evaluate the effect of 

uneventful phacoemulsification on the morphology and 

thickness of the macula and the choroid. 

 

PATIENTS AND METHODS  

This randomized prospective study included a total 

of 30 eyes of 30 patients having immature senile cataract 

that were submitted for phacoemulsification, attending at 

Department of Ophthalmology, Faculty of Medicine, Al-

Azhar (Al-azhar) University Hospitals, Cairo, Egypt. 

Approval of the ethical committee and a written 

informed consent from all the subjects were obtained. 
This study was conducted between July 2018 and 

January 2019.  

Inclusion criteria: Age (40-75), Patients medical 

history (15 diabetic type 2/ 15 non-diabetic), 

Cataractous patients and Normal macular thickness. 

Exclusion criteria: Media opacity that prevent 

adequate OCT such as dense cataract, patients with 

glaucoma, Central foveal thickness > 250 µm, patients 

with history of photocoagulation and Patients with 

vitreoretinal pathology such as vitreomacular traction. 

 

Statistical Analysis 

Recorded data were analyzed using the statistical 

package for social sciences, version 20.0 (SPSS Inc., 

Chicago, Illinois, USA). Quantitative data were 

expressed as mean± standard deviation (SD). 

Qualitative data were expressed as frequency and 

percentage. 

 

RESULTS 

Thirty eyes from 30 patients were included in 

the study (15 nondiabetic group A and 15 diabetic 

group B). There were no intraoperative complications. 

OCT scans were done before and one month and three 

months following cataract surgery. 

The results of the present study are demonstrated 

in the following tables. 

 

Table (1): Comparison between group A: None DM and group B: DM according to demographic data. 

Demographic data 
Group A: Non  

DM (n=15) 

Group B: DM  

(n=15)) 
t/x2# p-value 

Age (years) 
Mean±SD 60.73±5.54 62.40±5.33 

0.706 0.408 
Range 46_67 50_70 

Side 
LT. 7 (46.7%) 6 (40.0%) 

0.136# 0.713 
RT. 8 (53.3%) 9 (60.0%) 

gender 
Female 11 (73.3%) 11 (73.3%) 

0.000# 1.000 
Male 4 (26.7%) 4 (26.7%) 

t-Independent Sample t-test; #  x2: Chi-square test, p-value >0.05 NS  

 

This table shows no statistically significant difference between groups according to demographic data. 

 

Table (2): Comparison between group A: None DM and group B: DM according to visual acuity. 

Visual Acuity 
Group A: Non  

DM (n=15) 

Group B: DM  

(n=15)) 
t-test p-value 

Baseline 
Mean±SD 1.05±0.34 0.91±0.20 

1.733 0.199 
Range 0.6_1.6 0.6_1.2 

1month post-

operative 

Mean±SD 0.49±0.18 0.57±0.21 
1.024 0.320 

Range 0.2_0.8 0.2_0.8 

3months post-

operative 

Mean±SD 0.43±0.16 0.55±0.23 
3.159 0.086 

Range 0.2_0.6 0.2_1 

Change baseline 

& 1month post-

operative 

Mean±SD -0.55±0.27 -0.35±0.12 

7.265 0.012* 
Range -1.1_-0.1 -0.5_-0.1 

Change baseline 

& 3months post-

operative 

Mean±SD -0.62±0.31 -0.36±0.15 

8.552 0.007* 
Range -1.3_-0.3 -0.6_-0.1 

t-Independent Sample t-test;   p-value >0.05 NS; *p-value <0.05 S  

This table shows statistically significant difference between groups according to visual acuity change baseline 

& 1month post-operative (was better in group A than group B) and change baseline & 3months post-operative(was 

better in group A than group B). 
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Table (3): Comparison between group A: None DM and group B: DM according to IOP (mmHg). 

I.O.P (mmHg) 
Group A: Non  

DM (n=15) 

Group B: DM  

(n=15)) 
t-test p-value 

Baseline 
Mean±SD 16.53±1.88 15.93±2.34 

0.597 0.446 
Range 13_20 12_20 

1month post-operative 
Mean±SD 15.13±1.85 15.13±2.47 

0.000 1.000 
Range 12_18 11_18 

3months post-operative 
Mean±SD 15.07±1.67 15.00±1.73 

0.012 0.915 
Range 12_18 12_18 

Change baseline & 

1month post-operative 

Mean±SD -1.40±0.91 -0.80±1.37 
1.989 0.169 

Range -2_1 -2_3 

Change baseline & 

3months post-operative 

Mean±SD -1.47±0.99 -0.93±1.16 

1.829 0.187 
Range -3_1 -2_1 

t-Independent Sample t-test;   p-value >0.05 NS;  
 

This table shows no statistically significant difference between groups according to IOP (mmHg).  

 

Table (4): Comparison between group A: Non DM and group B: DM according to central macular thickness 

(micron). 

Central Macular Thickness 

(micron) 

Group A: Non  

DM (n=15) 

Group B: DM  

(n=15)) 
t-test p-value 

Baseline 
Mean±SD 202.80±22.39 233.33±12.74 

21.079 <0.001** 
Range 160_246 201_249 

1month post-

operative 

Mean±SD 216.27±23.97 253.27±15.89 
24.818 <0.001** 

Range 170_268 217_280 

3months post-

operative 

Mean±SD 208.13±23.59 246.93±22.39 
21.351 <0.001** 

Range 162_254 209_310 

Change baseline & 

1month post-

operative 

Mean±SD 13.47±3.83 19.93±4.13 

19.749 <0.001** 
Range 6_22 15_31 

Change baseline & 

3months post-

operative 

Mean±SD 5.33±2.38 13.60±13.56 

5.405 0.028* 
Range 2_10 6_61 

t-Independent Sample t-test;  *p-value <0.05 S;  **p-value <0.001 HS 

 

This table shows statistically significant difference between groups according to central macular thickness 

(central macular thickness increased in group B more than group A).  

 

Table (5): Comparison between group A: Non DM and group B: DM according to subfoveal choroidal thickness 

(micron). 

Subfoveal choroidal thickness 

(micron) 

Group A: Non  

DM (n=15) 

Group B: DM  

(n=15)) 
t-test p-value 

Baseline 
Mean±SD 203.73±28.66 233.80±24.14 

9.659 0.004* 
Range 140_260 204_270 

1month post-operative 
Mean±SD 218.80±31.09 252.80±26.59 

10.362 0.003* 
Range 151_284 221_295 

3months post-operative 
Mean±SD 209.20±30.63 243.47±24.45 

11.467 0.002* 
Range 144_276 212_284 

Change baseline & 

1month post-operative 

Mean±SD 15.07±3.73 19.00±5.21 
5.651 0.025* 

Range 11_24 11_29 

Change baseline & 

3months post-operative 

Mean±SD 5.47±3.20 9.67±6.38 
5.195 0.030* 

Range 3_16 3_29 
 t-Independent Sample t-test;   *p-value <0.05 S 

 

This table shows statistically significant difference between groups according to subfoveal choroidal thickness 

(micron) (subfoveal choroidal thickness increased in group B more than group A).  
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Table (6): The extent of the difference over the periods through Visual Acuity, I.O.P (mmhg), Central Macular 

Thickness (micron) and Subfoveal choroidal thickness (micron) in group A: Non DM. 

 

Group A: Non DM 

(n=15) 
Baseline After 1m After 3m ANOVA p-value 

Visual Acuity 1.05±0.34 0.49±0.18 0.43±0.16 7.808 <0.001** 

I.O.P (mmhg) 16.53±1.88 15.13±1.85 15.07±1.67 5.735 <0.001** 

Central Macular 

Thickness (micron) 
202.80±22.39 216.27±23.97 208.13±23.59 -8.677 <0.001** 

Subfoveal choroidal 

thickness (micron) 
203.73±28.66 218.80±31.09 209.20±30.63 -6.608 <0.001** 

F-One Way Analysis   *p-value <0.05 S;  **p-value <0.001 HS  

 

 

This table shows highly statistically significant difference between periods through Visual Acuity, I.O.P 

(mmhg), Central Macular Thickness (micron) and Subfoveal choroidal thickness (micron) in group A (Non DM). 

 

 
Figure (1): Line shows the extent of the difference in Central Macular Thickness (micron) and Subfoveal choroidal 

thickness (micron) in group A: Non DM through follow up period. 

 

 

Table (7): The extent of the difference in Visual Acuity, I.O.P (mmhg), Central Macular Thickness (micron) and 

Subfoveal choroidal thickness (micron) in group B: DM through follow up period. 

 

Group B: DM (n=15) Baseline 
1month post-

operative 

3months post-

operative 
ANOVA p-value 

Visual Acuity 0.91±0.20 0.57±0.21 0.55±0.23 9.000 <0.001** 

I.O.P (mmhg) 15.93±2.34 15.13±2.47 15.00±1.73 3.108 0.008* 

Central Macular 

Thickness (micron) 
233.33±12.74 253.27±15.89 246.93±22.39 -3.883 0.002* 

Subfoveal choroidal 

thickness (micron) 
233.80±24.14 252.80±26.59 243.47±24.45 -5.871 <0.001** 

F-One Way Analysis  

*p-value <0.05 S; **p-value <0.001 HS  

 

This table shows statistically significant difference in Visual Acuity, I.O.P (mmhg), Central Macular Thickness (micron) 

and Subfoveal choroidal thickness (micron) in group B: DM through follow up period. 
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Figure (2): Line shows the extent of the difference in Central Macular Thickness (micron) and Subfoveal choroidal 

thickness (micron) in group B: DM through follow up period. 

 

DISCUSSION 

 Another study showed that lenticular fragments 

could lead to a breakdown of the inner blood–retinal 

barrier(16). These inflammatory consequences of surgery 

may be associated with the subclinical macular changes 

that have been reported in uneventful cataract surgery and 

may also be related to pathologic events such as Irvine-

Gass syndrome(14-17).  

  Diabetes is a metabolic disease affecting the 

systemic vasculature. Although the principal changes 

in diabetic eyes usually occur in the retinal vasculature, 

additional changes can be also observed in the 

choroidal layer; an important vascular tissue that 

supplies blood to the outer retina (19). 

  In addition, studies using indocyanine  green  

angiography showed filling delay or defects in the 

choriocapillaris,  saccular dilatations, microaneurysms in 

the choriocapillaris, and choroidal neovascularization 
(20,21). 

Previously, the full thickness of the choroid could 

not be seen in most eyes because of scattering and 

insufficient light penetration beyond the retinal pigment 

epithelium, and signal strength roll-off distal to the zero-

delay line. Decreased signal strength posterior to the retinal 

pigment epithelium is compensated by the image 

enhancement software, which enables visualization of the 

border  where  choroidal tissue meets  sclera  and  allows  

CT  measurements to be performed (22-26). 

Differences among different studies might be due 

to individual variation in device characteristics such as 

wavelength, eye tracking method, and averaging software 

or due to differences of participant profiles such as 

ethnicity, age, and refractive error (27). 

Because cataract surgery is an inflammatory process 

to the eye, we investigated the possibility that it may lead 

to an increase in the choroidal and macular thickness in 

uneventful phacoemulsification. 

In our prospective study OCT scanning of 30 eyes 

(15 diabetic and 15 non diabetic) undergoing cataract 

extraction by phacoemulsification were done using OCT, 

the choroidal and macular changes were evaluated before 

and at one month and at three months after cataract 

extraction. 

We found that there was significant increase in 

macular thickness following cataract extraction by 

phacoemulsification in non diabetic patients 

(216.27±23.97) after 1 month then decreased to 

(208.13±23.59) after 3 months p-value (0.001), in diabetic 

patients there was more significant increase in macular 

thickness (253.27±15.89) after 1 month then decreased to 

(246.93±22.39) after 3 months p-value (0.002). 

In a study by Cagini et al. (27) performed on 62 

eyes they measured macular thickness before and at 3, 

6, 12, 20, and 28 weeks after surgery using the OCT 

technique, they found during the follow-up that there is 

a statistically significant increase in the macular 

volume at the 12th week after surgery. Two eyes 

developed clinically significant macular edema and 

there was no correlation between macular changes and 

best corrected visual acuity (BCVA) or ultrasound 

time. 

Another study by Burkhard et al. (28) studied 

macular thickness after uneventful cataract surgery on 

33 eyes with follow up OCT 1 day,1 week and 6 weeks 

postoperatively ocular axial length, anterior chamber 

depth, phacotime and energy were documented. There 

was a significant increase in the mean foveal thickness 

1 day, 1 week and 6 weeks (1 day: +10.66±20.8μm, 

P=0,026; 1 week: +15.23±19.7 μm; 6 weeks: 

+17.33±14.81μm, P<0.001). 

They reached a conclusion that after cataract 

surgery, a mild increase in foveal thickness without 

impact on visual acuity could be observed. They 

explained that this increase may be due to both 

subclinical changes and due to influence of changes in 

media opacity on the measurement technique. Surgical 

and biometric parameters such as phacotime and 

energy and axial length did not correlate to the degree 

of macular thickening (29).  

In our study we found that following cataract 

extraction there was an increase in the mean choroidal 

thickness in non diabetic patients 218.80±31.09 after 1 

month and then decreased to 209.20±30.63 after 3 
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months p-value (<0.001), in diabetic patients there was an 

increase in the  mean choroidal thickness 252.80±26.59 

after 1 month then decreased to 243.47±24.45 after 3 

months p-value (<0.001). 

These results are similar to the study done by 

Alexandra et al. (29) which was performed on 115 eyes 

, they measured the subfoveal choroidal thickness 

before and 1 day, 7 days, 1 month, 3 months, after 

surgery using the EDI-OCT technique .it showed that 

subfoveal choroidal thickness significantly increased at 

the seventh day postoperatively and reached a peak 

after one month of the surgery with a mean value of 232 

± 76 μm  at D1(P<0.001), 237±78 μm at M1(P<0.001), 

and 232 ± 76 μm  at M3 (P<0.001) (17). 

While Manuel et al. (17) performed a recent 

prospective study on 14 eyes of 14 patients, it showed 

that there were no significant changes in choroidal 

thickness in the submacular areas one month after 

surgery. In vertical scans, there were no significant 

increase in choroidal thickness (+4.21±20.2 

μm; P=0.47) whilst in horizontal scans a nonsignificant 

decrease was recorded (−9.11±39.59 μm; P=0.41). 

There was a statistically significant increase in mean 

macular thickness at one month. In horizontal scans, 

the mean increase was +8.67±6.75 μm (P<0.001), and 

in vertical scans, the mean increase was + 8.80±7.07 

μm (P=0.001).  

However, Limitations to the study were the 

low number of patients included(15). 

Phacoemulsification seems to be able to induce 

morphologic changes in the choroid layers. Xu et al.(15) 

have disclosed interesting results on the effect of 

cataract surgery on the choroid. They have investigated 

the expression of genes that might affect the blood–

retinal barriers, including cytokine IL-1b, chemokines 

CCL2 and SDF-1, and growth factors FGF and VEGF, 

in the retina and the RPE/choroid of mice undergoing 

extracapsular lens extraction. They found that the 

expression of these genes was markedly upregulated in 

the retina and in the choroid. However, the level of 

upregulation was less elevated in the RPE/choroid than 

in the retina and was delayed in the RPE/choroid, 

occurring 24 hours post operation versus 30 minutes in 

the retina. They also found that the protein IL-1b, 

which is a pro-inflammatory cytokine, was strongly 

detected in the ganglion cell layer, inner cell layer, and 

in the choroid of operated mice eyes (30). 

However, how cataract surgery induces retinal 

and choroidal inflammation is not understood. It is 

known that the surgical trauma induces releases of 

prostaglandins in the aqueous humor that causes a 

disruption of the blood aqueous barrier. This results in 

the accumulation of other inflammatory mediators such 

as endotoxin, immune complex, and cytokines in the 

aqueous humor (31). 

These inflammatory mediators diffuse into the 

vitreous cavity to reach the retina, where they are 

responsible for a rupture of the inner blood–retinal 

barrier resulting in another cascade of inflammatory 

mediators secretion together with an increased 

permeability from the perifoveal capillaries (31). 

The outer blood–retinal barrier has also been 

shown to be disrupted as a consequence of post cataract 

surgery inflammation (32). 

Also in our study there was no significant 

correlation between macular and choroidal thickness 

changes and intraoperative factors (length of surgery, 

effective phaco time, phaco energy) in 2 groups. 

 

CONCLUSION 

Uncomplicated phacoemulsification induces a 

non-pathologic significant changes in retinal macular 

thickness and choroidal thickness probably due to the 

inflammatory effects of the surgery. At present, the 

clinical significance of this increase in macular and 

choroidal thickness in diabetic patients mildly higher 

than non-diabetic patients. Phacoemulsification is a 

very frequent procedure and it’s long-term effect on 

retinal and choroidal functions is not known. 

 

RECOMMENDATIONS 
Our study was limited by a small sample size, 

and short follow up period however, we were able to 

detect and confirm the previously described macular 

and choroidal changes. 

Another study with longer follow up period is 

recommended to know the long term effect of these 

changes on visual acuity and if these changes are 

permanent or not. 
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