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Abstract
Introduction: The cornea is the most powerful refractive surface of the eye with the central cornea being pivotal to the visual 
axis, and hence visual acuity. Phacoemulsification is a method of cataract surgery that emits both thermal and ultrasonic 
energy which affects the cornea. Our study is to establish changes to the central corneal thickness (CCT) three months after 
surgery.

Objective: To establish the changes in CCT three months following phacoemulsification and the factors that influence these 
changes.

Materials and Methods: The study was a prospective case series carried out at the Eagle Eye and Laser Centre in Lavington, 
Nairobi. The recruitment of patients into the study was for 6 months between 1st August 2018 and 31st January 2019, and 
this was followed by a 3-month follow-up period until 30th April 2019. Eyes of patients who underwent phacoemulsification 
surgery were included. Eyes with pre-existing pathology, intra-operative and post-operative complications, were excluded. 
The CCT was measured using a Tomey EM-3000, a non-contact specular microscope; axial length and anterior chamber 
depth were taken from biometry readings by ZeissIOLMasterâ. Phacoemulsification was carried out by two surgeons using 
the same Alcon Accurusä Phacoemulsifier.

Results: A total of 41 eyes of 33 patients were studied. There was an overall 6.2% decrease in CCT in our study, which showed 
that despite the endothelial injury expected during phacoemulsification, our study population experienced good healing 
of their corneas. Corneas of diabetic patients were found to be thicker both before and after surgery likely due to the 
metabolic changes caused by disease. Anterior chamber depth was found to be a statistically significant predictor of post-
operative CCT.

Conclusions: Uncomplicated phacoemulsification surgery has minimal effect in eventual CCT.
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Introduction
The cornea is the most powerful refractive surface of the eye 
accounting for about three quarters the refractive power 
of the eye.(1) The average corneal diameter is 11.5mm 
vertically and 12mm horizontally.(2) Central corneal 
thickness (CCT) varies with race with Africans found to have 
thin corneas.(3,4) Nutrition of the cornea is maintained by 
tears anteriorly and by the aqueous humour posteriorly. 
The cornea is constantly at about 78% hydration, which 
is maintained by the innermost layer of the cornea, the 
endothelial cells, a monolayer of hexagonal cells that 

maintain this corneal hydration by constantly pumping 
out water from the stroma.(2) This function thus maintains 
corneal thickness and corneal clarity and disruption of 
these cells may affect these.

Globally, it is estimated that 94 million people are blind or 
visually impaired with the leading cause being cataracts.(5,6) 
A systematic review and meta-analysis of population-based 
eye health surveys between January 1980 and October 
2018, found cataracts to be the common cause of blindness 
in people over 50 years of age, accounting for about 15.2 
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million cases.(6) Cataract extraction through surgery is the 
mainstay treatment, with phacoemulsification being the 
preferred method of surgery due to better outcomes and 
faster healing time.(7)

Phacoemulsification utilizes ultrasonic energy that causes 
both mechanical and thermal damage to the endothelial 
cells.(8) Furthermore, the fluid used intraoperatively and 
the constricted space that is the anterior chamber in which 
surgery is performed expose the inner corneal layer of 
endothelial cells to more loss.(9) The average endothelial 
cell loss has been found to be between 5-19% and this has 
a direct relation to CCT post-surgery.(10–12)

Various factors have been found to affect CCT following 
phacoemulsification such as lens nucleus hardness, 
phacoemulsification time, corneal endothelial cell count 
and phacoemulsification energy.(12) 

The aim of this study was to establish the changes in 
the CCT following phacoemulsification that cause loss 
in endothelial cells and also cause direct thermal and 
mechanical damage to the cornea. The follow-up period 
of three months allowed for corneal healing, hence 
establishing the effects of phacoemulsification relative to 
the cornea.

Materials and methods 
Study design and period
The study was a prospective case series carried out between 
1st August 2018 and 30th April 2019.

Study area
The study was carried out at Eagle Eye and Laser Centre 
(EELC), Lavington, Nairobi. The hospital was chosen 
because of its diverse catchment population that goes 
beyond Nairobi residents, to referrals from the rest of the 
country and the East African region.

Study population
All patients who underwent phacoemulsification surgery 
between August 2018 to January 2019, and were then 
followed up for three months post-operatively until April 
2019.

Surgical procedures
During the study period, phacoemulsification was carried 
out by two surgeons using the same Alcon Accurus 
Phacoemulsifier; CCT was measured using a Tomey EM-
3000, a non-contact specular microscope; Zeiss IOLMaster® 
was used to obtain anterior chamber depth (ACD) and axial 
length (AL). The CCT and biometry were measured by the 
same experienced technician, and these machines were 
well calibrated before the study began. data from the Alcon 

Accurus™ captured by one experience theatre nurse.
Inclusion criteria
All eyes undergoing phacoemulsification during the study 
period were included.

Exclusion criteria: 
The exclusion criteria were:
1.	 Eyes with pre-existing corneal pathology
2.	 History of ocular infection and/or inflammation
3.	 Complicated phacoemulsification procedure – intra-

operative and post-operative complications.
4.	 No phacoemulsification power used intra-operatively 

Data Collection Methods
The principal investigator led a data collection team 
consisting of one technician, one scrub nurse and two 
surgeons. Patients were asked to sign informed consent 
before being included in the study on manual forms that 
recorded their names, study number, age, sex, and diabetes 
status. The CCT readings were the average of two readings 
to enhance accuracy. The ACD and AL were taken from the 
biometry readings. The intraoperative phacoemulsification 
auto-data was obtained by the scrub nurse taking a photo 
of the Alcon Phacoemulsification machine at the end of 
each surgery. This intra-operative data was then transferred 
to the participant forms. The surgeons filled in the forms if 
there were any intraoperative complications. 

Data analysis
The principal investigator uploaded the collected data into 
Microsoft Excel 2019 sheet. Analysis was done using SPSS 
version 25. Descriptive analysis was used to determine 
frequencies and proportions. ANOVA test was used to test 
variance and statistical significance was set at p-value of 
<0.05 and confidence interval was set at 95%.

Ethical consideration
The tenets of the Helsinki Declaration were adhered to. 
Ethical approval was sought and granted by the Kenyatta 
National Hospital-University of Nairobi Ethics and Research 
Committee. Permission was sought and granted by the 
administration of EELC. 

Results
A total of 33 patients were studied. This included 18 males 
and 15 females. Their mean age was 65.5, range was 
between 26 and 86 years, and a standard deviation 12.3 
years. Eight patients had a previous history of diabetes and 
11 patients had a history of their eyes having been affected 
by diabetes.

The total number of operated eyes were 55, and 41 eyes 
were included in the study (19 right and 22 left eyes). 
Fourteen eyes were excluded for the following reasons:
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Table 1: Pre-operative and post-operative eye measurements

Measurement Pre-operative value Post-op Value at 3 months p-value

Overall mean CCT (mm) (n=41) 505.2 ± 39.5 474.0 ± 41.9

Mean CCT (mm) Male (n=23) 504 ± 40.6 472.0 ± 39.3

Mean CCT (mm) Female (n=18) 506.7 ± 39.1 476.6 ± 46.1

Mean CCT (mm) Right Eyes (n=19)          511.2 ± 48.5 473.7 ± 42.1

Mean CCT (mm) Left Eyes (n=22) 500.1 ± 30.0 474.3 ± 42.7

Mean CCT (mm) in Diabetes (n=11) 529 ± 40.1 486.6 ± 39.3 0.05

Mean CCT (mm) in no Diabetes (n=33) 499.3 ± 37.6 471.0 ± 42.5

Overall Mean ACD( mm) (n=41) 3.7 ± 0.8

Overall Mean AL (mm) (n=41) 23.8 ± 1.1

CCT (mm) in AL£ 25mm(n=35) 501.9 470.6 ± 42.5 0.12

CCT(mm) in AL> 25mm(n=6) 523.1 493.1 ± 35.8
CCT-Central Corneal Thickness, ACD- anterior chamber depth, AL- axial length

A multivariate analysis (Table 2) of age, diabetic status, axial length and anterior chamber depth has a p value of 0.039.

Table 2: A multivariate analysis of factors affecting change in the central corneal thickness 

ANOVAa

Model Sum of Squares df Mean Square F Significance

Regression 14872.3 4 3718.1 2.8 0.0b

Residual 47502.1 36 1319.5

Total 62374.4 40

a. Dependent variable 
b. Predictors (constant), Anterior chamber depth, Diabetes status, axial length

Discussion
The overall mean pre-operative CCT was 505 μm which is 
typical of African eyes as in keeping with a Congolese study 
by Kelekele et al.(4), that showed average CCT of 504.2 ± 
30.7 μm among healthy Congolese eyes. The mean CCT 
between male and female patients was similar, which is 
normal as there are no documented gender differences 
between the sexes. In our study, diabetics were found to 
have thicker CCTs, compared to non-diabetics which is in 
keeping with other studies carried out at different stages of 
life, as children and adults as shown by Lu et al.  and Su et al. 
respectively in their studies in Singapore.(13,14) 

The mean ACD in our study population was found to 
be higher than that found in studies by Khalid et al. and 
Hashemi et al. who found a mean of 3.06 ± 0.43mm and 
3.09 ± 0.26mm, respectively.(9,15) These studies were 
however not on African populations so may not represent 

participants in our study. The mean AL is in keeping with a 
study conducted in Nigeria by Oderinlo et al. that showed 
an average AL 23.21 ± 1.19 mm in their study.(16) Bhardwaj 
V et al. and Dong et al. describe the normal AL as between 
22-25mm.(17,18) In our study, there were no eyes found to 
have AL of less than 22mm, and 6 eyes were found to have 
an axial length of >25mm. 

The decrease in overall CCT at three months was 6.2% in our 
study, which suggests that there was no corneal oedema 
due to loss of endothelial cells after phacoemulsification. 
This is in contrast to findings by Bamdad et al., who found 
an increase of 12.9% at three months.(19) The findings in 
our study may be attributed to minimal loss in endothelial 
cells and/or strict adherence to a minimum endothelial cell 
density of ≥2000cells/mm2 before phacoemulsification 
was carried out, hence any loss of endothelial cells was well 
compensated for.

•	 5 eyes had no phacoemulsification power used intraoperatively
•	 5 eyes had intra-operative complications
•	 3 eyes had missing post-operative data due to patients’ loss to follow-up
•	 1 developed post-operative uveitis
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There was minimal difference between the central corneal 
thickness of male and female patients.

The corneas of diabetic patients were found to remain 
thicker than those of patients that were not diabetics, 
and this was found to be statistically significant. This is 
in keeping with findings by Chen et al. that found that 
diabetics had thicker corneas at 1 week, 1 month, 3 months 
and 6 months postoperatively.(20) These findings were 
also similar in a metanalysis by Yang et al. that found 
diabetic patients to have thicker corneas at 3 months post 
phacoemulsification.(21) In their study, higher random 
glucose and HbA1C were found to be associate with thicker 
CCT independent of other confounders. 

The ACD was found to be statistically significant in 
relation in change in CCT in our study (p=0.040) This is 
likely because this is the constricted space within which 
phacoemulsification takes place hence its depth determines 
contact between the fluids and ultrasound energy with the 
cornea, with a negative correlation between depth and 
resultant postoperative central corneal thickness.

In our study CCT in eyes with long AL greater than 25mm 
(n=6) was found to be higher than those with normal AL 
(n=35). This was in keeping with a study by Muthu et al. 
evaluating the relationship between AL and CCT found 
that longer AL was associated with thicker CCT.(22) The 
percentage change in CCT  between the eyes with normal 
AL vs those with longer AL was found to be comparable at 
6.2% and 5.7% respectively. The difference in these changes 
was not found to be statistically significant (p=0.12). A 
study by Panda et al. did not find any statistically significant 
correlation between CCT and axial length.(23)

A multivariate analysis of the above factors was also found 
to be statistically significant (p=0.039) meaning that there is 
a large interplay of these factors in affecting post-operative 
central corneal thickness.

Conclusions
The findings of this study indicated that phacoemulsification 
surgery has minimal effect on eventual central cornea 
thickness three months after the procedure. Patients with 
diabetes are found to have thicker CCT both preoperatively 
and postoperatively due to the metabolic changes that are 
part of the disease process.

Limitations
The factors affecting post-op CCT that were not measured 
in our study such as cataract lens thickness, intraocular 
pressure (pre-operative and post-operative) and the type 
of viscoelastic used intra-operatively.
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