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Corneal edema recovery after  
phacoemulsification in type 2 diabetic  
versus non-diabetic patients 

ABSTRACT
Background. Ultrasound energy during phacoemul-
sification can cause mechanical trauma to corneal 
endothelium which leads to prolonged postoperative 
recovery. Several studies have reported conflicting 
results of corneal changes after phacoemuslification 
in diabetic versus non-diabetic patients. We aimed to 
assess corneal edema recovery and compare best cor-
rected visual acuity (BCVA) after phacoemulsification in 
patients with diabetes mellitus type 2 versus patients 
without type 2 diabetes.
Methods. The study included type 2 diabetic and non-
diabetic patients who underwent phacoemulsification 
between November 2018 and May 2019. Assessments 
of corneal edema recovery were done preoperative and 
on postoperative day 1, after 1 week and after two 
months. BCVA were taken preoperative and postop-
erative after 1 week and 2 months after the surgery.
Results. There was no significant difference between 
groups in corneal status on check-up examinations. 
Corneal edema recovery was equal between the pa-
tients with and without diabetes mellitus type 2. No 
significant difference in mean BCVA was observed 
between the studied groups after the operation.
Conclusion. Considering the use of modern technol-
ogy in cataract surgery, there was no difference in 

postoperative results between non-diabetic and type 2 
diabetic patients. (Clin Diabetol 2021; 10, 1: 144–148)
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Introduction
Diabetes mellitus (DM) is a metabolic disease with 

long-term consequences for many organs and cataract 
is one of the earliest DM complications. There is an 
increase in the world diabetes prevalence from 9.3% 
in 2019 to 10.9% in 2045 due to population growth, 
ageing, urbanization, sedentary lifestyles and adverse 
dietary changes [1]. Since it is estimated that 20% of all 
cataract surgeries are done on diabetic patients, there 
is a growing number of studies that have reported 
various results of phacoemulsification effect on corneal 
recovery in diabetic and non-diabetic patients [2, 3]. 
Ultrasound energy during phacoemulsification can 
cause mechanical trauma and induce corneal endothe-
lial cell loss which can lead to slower postoperative 
corneal recovery. In this study we aimed to evaluate 
corneal edema recovery and compare best corrected 
visual acuity (BCVA) after phacoemulsification in type 2  
diabetic and non-diabetic patients.

Methods
This prospective cohort study was conducted to 

assess corneal edema recovery and compare BCVA 
after phacoemulsification in type 2 diabetic versus 
non-diabetic patients.

The study included 267 patients (209 non-diabetic 
and 58 type 2 diabetic eyes) selected to undergo phaco-
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emulsification surgery between November 2018 and 
May 2019 at the Department of Ophthalmology, GH 
dr. Josip Bencevic, Slavonski Brod, Croatia. 

The patients underwent preoperative ophthalmo-
logical examination, including BCVA using Snellen chart 
and then analyse the data after converting it to logMAR 
(log of the Minimum Angle of Resolution), Goldmann 
applanation tonometry, slit lamp examination, dilated 
indirect fundus examination, preoperative central cor-
neal thickens (CCT) measurements by IOL-Master V.5 
(Carl Zeiss Meditec AG). Medical history (age, sex, prior 
eye disease, previous diseases and medication) was 
documented. Exclusion criteria were the patients with 
a history of previous ocular surgery or inflammation 
and Fuchs’ endothelial dystrophy.

Cataract density was graded according to the Lens 
Opacities Classification System III (LOCS III) using NO 
(1–6) as a grading scale [4]. The examined eyes were 
subdivided into mild (NO1, NO2), moderate (NO3, NO4) 
and hard (NO5, NO6) cataracts.

All procedures were performed by one experienced 
surgeon (S.S.). Phacoemulsification was performed by 
WhiteStar Signature® PRO system using phaco-chop 
technique with Ellips FX handpiece (AMO, Inc.).  The 
intraocular lens was placed within the capsular bag 
in all cases.

Postoperative treatment included the use of dexa-
methasonum/neomycinum/polymyxinum B (Maxitrol) 
drops four times per day for the first week and three 
times per day until week 4. All type 2 diabetic patients also 
used bromfenac drops two times per day starting three 
days before the surgery and continuing for one month.

Patients were followed on postoperative day 1, 
after 1 week and after two months. Clinical measure-
ments included postoperative cornea examination us-
ing 3 grading scales: clear cornea — transparent cornea 
without Descemet´s folds, and other two when corneal 
edema is present according to the Oxford Cataract 
Treatment and Evaluation Team (OCTET): focal corneal 
edema — transient corneal oedema with Descemet 
membrane folds of < 10, diffusive corneal edema — 
transient corneal oedema with Descemet membrane 
folds of > 10 [5]. The state of the cornea was noted 
in each follow-up. Postoperative BCVA was taken on 
postoperative day 7 and after two months.

Out of 267 patients enrolled, 266 patients came to 
check-up on postoperative day 1 (208 non-diabetic and 
58 type 2 diabetic eyes), 265 patients on postoperative 
day 7 (208 non-diabetic and 57 type 2 diabetic eyes) 
and after two months 205 patients (159 non-diabetic 
and 49 type 2 diabetic eyes) came to our hospital to 
check-up. Other patients went to other hospitals on 
follow up. Among the 58 type 2 diabetic patients, 

43 had no diabetic retinopathy (DR) and 15 had mild 
nonproliferative diabetic retinopathy (NPDR).

The study was performed in accordance with the 
1964 Declaration of Helsinki. Informed consent was 
obtained from all patients.

Statistical analysis
Statistical analysis was performed using SPSS soft-

ware (version 24, SPSS INC, IBM Coropartion, Chicago, 
USA): significance was tested by using Wilcoxon W, 
chi-square test and Friedman test. P-values < 0.05 were 
considered statistically significant.

Results 
This prospective cohort study was conducted to 

assess corneal edema recovery and compare BCVA after 
phacoemulsification in type 2 diabetic patients versus 
non-diabetic patients.

The average age of the study population was 
73. Most patients had moderate cataract in type 2 
diabetic patients (72.4%), as well as in non-diabetic 
patients (66.0%). There was no statistically significant 
difference in cataract density according to the LOCS III 
grading between both groups (c2, p = 0.501) (Table 1).  
Median preoperative CCT was 553. There was no 
significant difference in preoperative logMAR BCVA 
between the patients with and without diabetes mel-
litus type 2 (Table 2).

Visual acuity statistically varied during three 
interval periods. There was significant improvement 
in logMAR BCVA (Friedman test, p < 0.001) with no 
significant difference in postoperative BCVA between 
groups, as seen in Table 2. We compared BCVA in pa-
tients with hard cataract since this group was in the 
high risk and there was no statistically significant dif-
ference in BCVA in non-diabetic versus type 2 diabetic 
patients (Table 3).

Most of the patients had clear cornea in both 
groups on days 1 and 7 after the operation. There 

Table 1. Distribution of cataracts according to LOCS III 
grading in type 2 diabetic patients (study group) and non- 
-diabetic patients (control group)

Study group 

(n = 58)

Control group 

(n = 209)

n % n %

LOCS III

Mild cataract 4 6.9 25 12.0

Moderate cataract 42 72.4 138 66.0

Hard cataract 12 20.7 46 22.0

N — number
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was no significant difference between groups in the 
status of the cornea on check-up examinations, as 
seen in Table 4. There were no more cases of diffusive 
corneal edema in both groups on seventh postopera-
tive day. In the study, all the examined patients (205) 
had clear cornea two months after the operation. We 
also compared corneal edema recovery in patients with 
hard cataract and there was no significant difference 
between groups (Table 5).

Disscusion
The most superficial and the most transparent 

organ affected by DM is the cornea, which is the topic 
of our research [6].

Our general hospital serves a population of near 
150,000 inhabitants and in our study there were 267 
patients, at the average age of 74 included. There were 
58 (21.7%) type 2 diabetic patients which is consist-
ent with the data from literature estimating that the 
prevalence of diabetes among elderly population ≥ 65 
years old is between 22 % and 33% [7]. The global 
prevalence for DR is 27%, out of which 25.2% is NPDR, 
1.4% proliferative diabetic retinopathy (PDR) and 4.6% 
diabetic macular edema (DME) [8]. This prevalence 
for DR corroborates analogous results from our study 
population, there were 21.7% type 2 diabetic patients, 
out of which 25.9% had NPDR. 

There was no difference in the postoperative 
BCVA after 2 months between non-diabetic and type 
2 diabetic patients (median logMAR BCVA was 0.00 
in both groups) in our study. Thus, type 2 diabetic 
patients without DR and those with mild NPDR have  
a chance for equal visual acuity as non-diabetic patients, 
even in patients with hard cataract. Similar conclusion 
was reached by the authors who emphasize that with  
a careful preoperative examination and DR pretreat-
ment, as well as with minimally invasive surgical tech-
niques in cataract operation diabetic patients recover 
excellently [9, 10].

Second aim of this study was to observe the 
postoperative recovery of corneal edema and there 
was no difference between non-diabetic and type 2 
diabetic patients. The prevalence and corneal edema 
was approximately the same in both studied groups on 
all check-up examinations. On the first postoperative 
day, focal corneal edema was present in one-quarter of 
patients in both groups, while diffusive corneal edema 

Table 2. Preoperative (BCVA1), 1 week postoperative 
(BCVA2) and 2 months postoperative (BCVA3) logMAR 
best corrected visual acuity in all type 2 diabetic patients 
(study group) and non-diabetic patients (control group)

Study group  

(n = 58)

Control group  

(n = 208)

P value*

n M SD n M SD

BCVA1 58 0.30 0.62 208 0.30 0.62 0.865

BCVA2 57 0.05 0.64 208 0.05 0.68 0.789

BCVA3 46 0.00 0.70 159 0.00 0.80 0.362

*Wilcoxon W test; n — number; M — median; SD — standard deviation

Table 3. Preoperative (BCVA1), 1 week postoperative 
(BCVA2) and 2 months postoperative (BCVA3) logMAR best 
corrected visual acuity in non-diabetic (control group) and 
type 2 diabetic patients (study group) with hard cataract

Study group 

(n = 12)

Control group 

(n = 46)

P value*

n M SD n M SD

BCVA1 12 1.40 0.58 46 1.30 0.64 0.923

BCVA2 11 0.00 0.96 46 0.05 0.72 0.342

BCVA3 9 0.00 1.40 36 0.00 0.96 0.845

*Wilcoxon W test; n — number; M — median; SD — standard deviation

Table 4. Corneal edema recovery between type 2 diabetic patients (study group) and non-diabetic (control group)

Study group (n = 58) Control group (n = 208) P value*

n % n %

1 day postoperative

Clear cornea 39 67.2 134 64.4

Focal corneal edema 14 24.1 54 26.0 0.922

Diffusive corneal edema 5 8.6 20 9.6

7 days postoperative

Clear cornea 54 94.7 201 96.6

Focal corneal edema 3 5.3 7 3.4 0.505

2 months postoperative

Clear cornea 46 100.0% 159 100.0

*c2; n — number



Sandra Sekelj et al., Corneal edema recovery after phaco in type 2 diabetic patients

147

was present in a smaller number of non-diabetic (9.6%) 
and type 2 diabetic patients (8.6%). On the check-up 
examination after 7 days, there was a significant im-
provement in the clinical picture and corneal edema 
recovery, only a small number of patients had focal 
corneal edema (3.4% of the non-diabetic patients, 
5.3% of the type 2 diabetic patients). Consumed ul-
trasound energy during phacoemulsification can make 
endothelial injury which can lead to postoperative 
transient corneal edema after operation. The amount 
of phacoemulsification energy increases due to increas-
ing grades of cataract density, so patients with hard 
cataract are in higher risk to get transient postoperative 
edema and to have slower corneal edema recovery. The 
results of this study showed that patients with hard 
cataract had more postoperative corneal edema in non-
diabetic and type 2 diabetic patients, as seen in Tables 
4 and 5. On the first postoperative day, the number 
of patients with diffusive corneal edema was doubled  
when we compared patients with hard cataract with 
all the studied patients, non-diabetic (16.7% and 9.6%) 
and type 2 diabetic patients (19.6 and 8.6%).  But it 
is important for our study that patients who had hard 
cataract with or without diabetes mellitus type 2 had 
similar corneal edema recovery and good postoperative 
visual acuity (median logMAR BCVA after 2 months was 
0.00 for both groups) as seen in all the studied patients. 
This can be due to reason that we used phaco-chop 
technique to have minimally invasive cataract opera-
tion. It has been shown that less ultrasound energy is 
needed when using phaco-chop in comparison with 
other techniques [11]. In conclusion, corneal edema 
was present almost equally in non-diabetic and type 
2 diabetic patients and it also recovered in the same 
time period in both studied groups.

Similar to our study, Kausar et al. did not find the 
link between corneal edema and DM either, with the 
remark that their study included a small number of 
patients with DM [11]. Al-Sharkawey et al. reached 
the conclusion that endothelial cell loss (ECL) is 8% 
in all patients, regardless of DM [12]. Also, Budiman 
reported that there were no differences in endothelial 
cell density between diabetic and non-diabetic group 
and he concluded that HbA1c level in diabetic patients 
did not effect on corneal endothelium [13]. Unlike our 
study, some studies concluded that corneal edema is 
more common in diabetic patients than in non-diabetic 
patients [14, 15] and also many studies have reported 
higher ECL in patients with DM, a factor that affects 
slower recovery of the cornea in the initial postopera-
tive period [2, 16–19].

However, Hugod et al. concluded that there is  
a higher ECL in patients with DM, but the functional 
corneal status regarding CCT and visual acuity is ap-
proximately the same as in non-diabetic patients [10]. 
Consequently, except for endothelial cells quantity, the 
quality of endothelial cells is also an important factor 
for corneal transparency.

The limitations of this study were a short follow-
up period, lack of specular microscope chart due to 
lack of resources, lower grades of retinopathy and fair 
glycaemic control.

In conclusion, cataract surgery is followed by ap-
proximately equal postoperative results in patients with 
or without diabetes mellitus type 2, even in patients 
with hard cataract. With the use of modern technol-
ogy and with minimally invasive surgical techniques in 
cataract surgery, a good prognosis can be expected in 
the postoperative recovery in type 2 diabetic population 
without or with mild diabetic retinopathy.

Table 5. Corneal edema recovery between type 2 diabetic patients (study group) and non-diabetic (control group) with 
hard cataract

Study group (n = 12) Control group (n = 46) P value*

n % n %

1 day postoperative

Clear cornea 7 58.3 21 45.7

Focal corneal edema 3 25.0 16 34.8 0.498

Diffusive corneal edema 2 16.7 9 19.6

7 days postoperative

Clear cornea 10 90.9 44 95.7

Focal corneal edema 1 9.1 2 4.3 0.530

2 months postoperative

Clear cornea 9 100.0 36 100.0

*Wilcoxon W test; n — number
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