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Abstract
In this study we aim to evaluate in central corneal thickness (CCT) changes after 

uneventful phacoemulsification surgery in eyes with dense cataract in subject with 
diabetes mellitus (DM) and compare it with normal subjects. This study included 120 
eyes of 120 patients who had cataract with nucleus density Grade 4. Out of 120 patient 
49 eyes were diabetes mellitus group and 71 eyes were in control group. We found that 
a significant increment in preoperative CCT (525 µm) comparing to postoperative CCT 
(538 µm) in subject with DM, but in aged match normal subjects the preoperative (530 
µm) and postoperative (531 µm) CCT was very similar at first month.
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Introduction
Postoperative visual acuity mainly compromised by corneal edema after 

phacoemulsification surgery, because intraocular surgeries induce some degree of corneal 
endothelial cells changes. The transparency of cornea is dependent on barrier function of 
this single layer endothelial cell. The corneal endothelium is a not only acts as a 
physiological barrier between corneal stroma and anterior chamber but also serves as a 
continuous pump preserving the cornea in a dehydrated and transparency state [1-3]. 
Even both the quantity and quantify of endothelial cell are important to maintain corneal 
transparency, according to several reports cornea could be clear even supported by a few 
number of endothelial cells, on the other hand severe corneal edema might be occur 
despite the presence of an adequate number of endothelial cells. Therefore quality of the 
endothelial cells is certainly the most important factor for preventing corneal edema [1-5].

Several surgical factors cause endothelial cell damage during phacoemulsification 
surgery such as phacoemulsification technique, amount of ultrasound energy, hardness 
of nucleus, intra-cameral surgical manipulations including capsule tension ring or iris 
retractor hooks insertions [6-8].

Diabetes mellitus (DM) is one of the most common co-morbidities among people 
with cataract. Because increased blood glucose levels can affect ocular cells in many 
ways which may cause breakdown of blood aqueous barrier and endothelial dysfunction 
leading to corneal edema after cataract surgery [1, 4, 9].

The aim of this study was to compare development of corneal edema by evaluating 
corneal thickness (CT) changes after cataract surgery in patient with DM and normal 
subjects.
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Patients and Methods
This study included 120 eyes of 120 patients who had 

cataract with nucleus density Grade 4. The current study was 
designed in accordance with the Declaration of Helsinki. All 
patients signed an informed consent about the nature of the 
procedure. All patients were Turkish Caucasians. Preoperative 
examination included visual acuity, tonometry, keratometry, 
detailed slit lamp examination, a-scan biometry and 
pachymetry. Nuclear hardness was classified clinically 
according to color of the nucleus and degree of fundus view 
from Grade 1 to Grade 5. In this study only Grade 4 with 
yellow amber color nucleus and poor fundus reflex were 
included.

The patients were excluded if they had history of any 
other ocular surgery, ocular trauma, prior treatment with anti-
VEGF agents in to the anterior chamber, receiving topical 
anti-glaucoma medication. Eyes had black, brunescent 
cataract, coexisting glaucoma, uveitis, corneal endothelial 
disease seen under slit-lamp examination and patient with 
any other systemic diseases that may have effect on corneal 
thickness rather than DM were not included in this study. 
According to Early Treatment Diabetic Retinopathy Study 
criteria’s patient with only had Non Proliferative Diabetic 
Retinopathy (NPDR) and stable DM under metabolic control 
were included in present evaluation.

All subjects underwent surgery with local anesthesia, after 
a clear corneal incision, capsulorhexis was created, then 
multiquadrant hydrodissection and rotation were done. 
Phacoemulsification was performed using with torsional 
rotation which called ellips FX mode system by Signature 
phacoemulsification machine (Abbott Medical Optics, Santa 
Ana, CA, USA). After removing whole nuclear material by divide 
and conquer technique, bimanual irrigation and aspiration 
(I/A) was performed to remove the cortex completely. With the 
help of the protective effect of ophthalmic viscoelastic devices 
(OVD) on corneal endothelium, IOL was implanted in the 
capsular bag and the residual OVD was thoroughly removed 
by bimanual I/A. To prevent postoperative IOP spike, the rear 
section of the IOL surface was aspirated and the OVD trapped 
under the IOL was removed.

To eradicate the surgical factors which has effect on CT 
changes such as surgeon’s experience, surgical technique and 
the materials, each patient was operated by the same 
experienced surgeon (AKA) by the same phacoemulsification 
devices with standardized divide and conquer technique with 
the same mode. In addition, the composition of the surgical 
set-up parameters, irrigation fluids (BSS) and OVDs were the 
same and the same acrylic IOL inserted with the same injector 
system into the capsular bag in each eye. 

Pachymetric evaluation performed by noncontact LS-
900-Lenstar device with the patient seated upright. Each 
patient was evaluated day 1, day 7 and day 30 after surgery. 
Postoperative outcome measures were the change in central 
corneal thickness (CCT) between preoperative and one month 
later after surgery.

All parameters were evaluated using statistical package 
for Social Science Version 22.0 (SPSS INC, Chicago IL). 
Kolmogorov-Smirnov test was used for evaluation of normality 
data in each group. Descriptive statistics were expressed as 
median, minimum-maximum, for non-normally distributed 
variables. The dependent variables were evaluated using 
Wilcoxon test and independent variables were evaluated 
using Mann-Whitney U test. 

Results
The clinical research was performed on 120 eyes of 120 

patients. of these patients, 69 men (57.5%) and 51 women 
(42.5%) were available for the evaluation. The mean age was, 
66.6 years (range of 41-84 years). Out of 120 patient 49 eyes 
were DM group (DMG) and 71 eyes were in control group 
(CG). Baseline preoperative demographic data are seen in 
Table 1. There were no statistically differences among the two 
groups in age and nuclear hardness of cataract. The male 
subjects were higher in control group than in diabetic group 
while the female subjects were similar in two groups. No one 
had any intraoperative complication such as posterior capsule 
rupture, vitreous loss and descemet′s membrane detachment. 
No one had elevated IOP postoperatively, no one need any 
medication different from standard postoperative medication.

Table 1: Baseline preoperative demographic data
Group Sex Age

Males (n) Females (n) Mean years
DM group 23 26 68.0 ± 11.1
Control group 46 25 65.8 ± 10.7

In whole group the mean preoperative CCT was 528.49 ± 
37.72 µm (range of 436-630 µm) and the median was 535.00 
µm while the mean postoperative CCT was 534.07±40.30µm 
(range of 440-648 µm) and the median was 538.50 µm. 
Comparison of preoperative CCT and postoperative CCT are 
seen in Table 2. According to Kolmogorov-Smirnov test the 
CCT values were not normally distributed in these 120 eyes, 
therefore non-parametric Wilcoxon test was applied to 
evaluate the difference between the preoperative and the 
postoperative CCT values and it was found that the 
postoperative CCT was significantly higher than that in 
preoperative CCT (p= 0.001).

Table 2: Comparison of preoperative CCT and postoperative CCT
Group Preoperative CCT Postoperative CCT p value
DM group 525.71 ± 41.68 µm 538.12 ± 47.17 µm 0.001
Control group 530.41 ± 34.91 µm 531.27 ± 34.87 µm 0.591
Total 528.49 ± 37.72 µm 534.07 ± 40.30 µm 0.001

In subgroup analyses of each DMG and CG, data were not 
normally distributed similar to whole group and the difference 
between the CCT in both preoperative and the postoperative 
period were evaluated by Wilcoxon test too. The mean of CCT 
in preoperative period was 525.71 ± 41.68 µm (range 446-630 
µm) while it was 538.12 ± 47.17 µm (range 446-648 µm) in 
postoperative period in DMG. The CCT of DMG in postoperative 
period was statistically significantly higher than that in 
preoperative period (p: 0.001).
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The mean of CCT in preoperative period was 530.41±34.91 
µm (range 436-597 µm) and it was 531.27±34.87 µm (range 
440-599 µm) in postoperative period in CG. The CCT of CG in 
both preoperative period and the 1 month after the operation 
was not statistically significantly different (p: 0.591).

The mean preoperative CCT of DMG was even less than 
that in CG the postoperative CCT of DMG was became higher 
than CG’s postoperative CCT. This result showed that diabetic 
corneas increased more than the CCT in normal subjects.

To evaluate coefficient value of CCT changes in each 
group (postoperative CCT/preoperative CCT) was calculated. 
The mean coefficient value of CCT in DMG was (1.02) also 
significantly higher than that in CG (1.0).

Discussion
The aim of different phacoemulsification procedures is to 

restore visual acuity in order to secure and fast return to normal 
life. It has been reported that during the phacoemulsification 
surgery is given free hydroxyl radicals which have destructive 
effect on corneal endothelium. Hyperglycemia has also toxic 
effects on cornea similar to other cells in the body like retina. 
The diabetic cornea expose 4-fold higher glucose in tear film 
than in normal healthy subject tears which cause it suffers 
from corneal cellular dysfunction, dysfunctional repair 
mechanisms and delayed wound healing [1, 4, 5, 9].

Even new phacoemulsification techniques and surgical 
materials are developed to prevent the corneal damage 
during the surgery; eyes with DM have still potential risk for 
corneal complication. Decrease in endothelial cell count after 
intraocular surgery is compensated by cellular enlargement, 
cell gliding, coalescence and re-arrangement. As far as the 
numbers of cells do not decrease to below of certain density 
estimated to 600-800 cells/mm2, decompensation does not 
appear by enhanced endothelial function. The correlation 
between CCT and endothelial cell density is not clear above 
this limits but it correlates with endothelial functional status. 
Therefore CT is an indirect evidence of endothelial cell 
functional that evaluates by pachymetry [5, 9, 10].

In this study we aim to evaluate in CCT changes after 
uneventful phacoemulsification surgery in eyes with dense 
cataract in subject with DM and compare it with normal 
subjects. To compare presence of DM on corneal response to 
phacoemulsification surgery we preferred to hold as many 
factors as possible constant such as phacoemulsification 
mode, surgical method and the materials.

During phacoemulsification, the corneal endothelium is 
subjected to different types of trauma some of which are 
ultrasound energy, ricocheting of nuclear fragments, turbulence 
of the irrigating solution and mechanical trauma by contact with 
the IOL and instruments. The nature of cataract determines the 
amount of ultrasonic energy requires for nucleus emulsification 
and according to several reports greater phacoemulsification 
energy was required as nucleus hardness increased [2, 3, 11, 12]. 
In presenting study we prefer to analyze pachymetric changes in 
eyes only with hard nucleus therefore we evaluate cataract with 
Grade 4 hardness in both DM group and the control subjects.

Different phacoemulsification techniques requires different 
phacoemulsification energy level, Storr-Paulsen et al [9] and 
Davison [10] reported that the divide-and-conquer technique 
spreading out more phacoemulsification power than 
phacoemulsification-chop technique. On the other hand it is 
also demonstrated that phacoemulsification-chop technique 
delivers more mechanical energy to break nucleus and 
requires a longer period for nuclear fragments mainly in the 
first phase of the procedure than divide-and-conquer 
technique [10]. Rekas et al [11] and some of other observer 
reported that torsional phacoemulsification mode was more 
effective than longitudinal mode in terms of amount of 
ultrasound energy deliver. To increase the efficacy of 
emulsification potential and decrease to mechanical negative 
effect on ocular structures we prefer torsional mode combined 
with divide-and-conquer technique. By this way when 
torsional movement lowers the phacoemulsification energy 
delivered and divide-and-conquer technique keeps as 
minimum manipulation.

Corneal thickness provides a measure the total amount of 
surgically induced endothelial injury. Reducing the other 
variable component as less as possible it increased the 
evaluating effect of comparing factor is more reliable [12]. 
Therefore each eye were operated by the same experienced 
surgeon, using with the same BSS and ophthalmic viscoelastic 
device and we limited our comparative evaluation to effect of 
DM on CT changes.

It had been reported that CCT in DM was effected by 
several factors such as diabetic stage and it was observed that 
that CCT was 570.52 µm in patient with DM which was 
significantly higher than that in control group (541.42 µm) 
and CCT was associated with the retinopathy stage in which 
CCT was 585.97 µm in PDR group while it was 570.84 µm in 
NPDR group and the lowest CCT was observed in Non-
Diabetic Retinopathy group (559.80 µm) measured by 
ultrasound (US) pachymetry [13-15]. But, Ozdamar et al [16] 
published that even the CCT was significantly greater in eyes 
with DM (564±30 µm) than that in control subject’s CCT 
(538±35 µm) the CCT was not correlated in diabetic 
retinopathy stage. They reported that even the CCT was 
greater in PDR group (582 µm), eyes with NPDR had lower 
CCT (558 µm) than non-diabetic eyes (565 µm) the measured 
by US pachymetry.

Galgauskas and coworkers [14] reported that even no 
differences were observed in endothelial parameters between 
subjects with DM and control groups and no correlations 
among HbA1c, duration of DM, but only the CCT (566.7±35.7 
µm) was higher in diabetic patients than in the control group 
(550.0±56.4 µm) similar to other reports.

In presenting study the CCTs which were measured by 
non-contact pachymetry, in both subject with DM (528 µm) 
and control group (530 µm) were lower than the other reports 
measured by US pachymetry. Our results were similar to Wong 
et al. report in which the same CCTs measured by either 
Scheimpflug imaging (536.7 µm) (Pentacam HR) or OCT (Cirrus 
HD-OCT) (535.1 µm), were less than measure by US pachymetry 
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(542.6 µm) [17]. The results of CCT can be different due to 
evaluating instruments. Noncontact assessments of corneal 
thickness, that we preferred should be more reliable option 
than contact US pachymetry since it does not require indentation 
force which may cause inter and intra-observer difference.

In contrast to finding in most of the other reports, even not 
statistically significant, our subjects with NPDR had lower CCT 
(525 µm) than the normal subjects (530.41 µm) in preoperative 
stage. Each of our subjects had under medical control therefore 
even the retina had some clinical signs about the DM; the CCT 
did not affected by this systemic metabolic syndrome yet.

Wong et al [17] compared the corneal parameters in 
preoperative and postoperative period in normal subjects and 
found no difference at mount 1 postoperatively. Praveen et al 
[18] found the similar results. Fukuda et al [19] found a 
statistically significant difference in CT after phacoemulsification 
in early postoperative period; however, the difference was no 
longer significant at 2 weeks. Tsaousis et al [20] qualitatively 
compared corneal edema between diabetics and non-
diabetics subjects after phacoemulsification surgery, at the 
last visit at second week. They observed that incidence of 
corneal edema was higher than normal subject. According to 
their opinion 2 weeks postoperative follow up is sufficient in 
evaluation of corneal edema. In presenting study we preferred 
to objectively evaluate the whole subjects in longer period 
comparing to other studies.

Shakya et al [21] evaluated surgical induced corneal 
edema in 33 eyes with DM and compared with 63 normal 
eyes. They observed that even there was no clinically difference 
in any preoperative corneal examination between the diabetic 
and non-diabetic groups, the clinically observable corneal 
edema after surgery was significantly higher in the diabetic 
group than in the non-diabetic group.

We found that a significant increment in preoperative 
CCT (525µm) comparing to postoperative CCT (538 µm) in 
subject with DM, but in aged match normal subjects the 
preoperative (530 µm) and postoperative (531µm) CCT was 
very similar at first month. In the presenting study even the 
preoperative CCT was lower in subjects with DM the 
postoperative CCT was higher than that of normal subjects. 
This result corroborates analogous results from previous 
studies that corneal recovery response different in patients 
with DM than normal subjects.

As far as we know our research is the first study evaluating 
behavior of corneal endothelium, without any preexisting risk 
factor, under the same operative condition even subjects had 
metabolic control. And as far as we concern our study is the 
only one study that CCT of treatment native diabetic eyes had 
lower than the normal subjects CCT. Further studies are need 
for evaluation of different diabetic stage to gain more 
information about the corneal response to surgical traumas.
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