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Abstract: Purpose: To assess differences in the evolution of macular thickness after uncomplicated
phacoemulsification surgery between non-diabetic subjects and patients with diabetes mellitus (DM)
without diabetic retinopathy (DR), using Spectral Domain OCT (SD-OCT). Methods: We performed
a unicentric prospective study including one hundred and thirty-one eyes of 70 patients divided
into two groups—34 well-controlled DM patients without DR and 36 non-diabetic subjects—who
underwent phacoemulsification for cataract surgery. Eyes that developed pseudophakic cystoid
macular edema (PCME) were excluded from the study, leaving us with 64 patients. Macular thickness
was analyzed using Cirrus HD-OCT (Macular Cube 512 × 128 protocol) preoperatively and on
postoperative days 7, 30, 90, and 180. For cases with information available for both eyes, one eye
was randomly selected for analysis. Results: A total of 64 eyes from 64 patients were analyzed in
this study. The mean value of HbA1c in the diabetic group was 7%. After uncomplicated cataract
surgery, patients showed no increase of the foveal, parafoveal, and perifoveal retinal thickness on
postoperative day 7. However, thickness values increased on days 30, 90, and 180 after surgery in
both groups, and peak at 90 days. There was no difference in macular thickness before or after surgery
between DM and non-diabetic patients (p = 0.540). Conclusion: Macular thickness increases up to
6 months after uncomplicated cataract surgery in both DM patients without DR and non-diabetic
subjects, with no differences between increases in both groups.

Keywords: OCT; macular thickness; phacoemulsification; diabetes mellitus; diabetic retinopathy;
macular edema

1. Introduction

Diabetes mellitus (DM) is the most frequent metabolic disorder in humans. It is one of
the greatest public health problems worldwide, involving a large amount of financial and
human resources. It is estimated that there will be 439 million DM people in the world by
the year 2030 [1].

Cataract development has a higher incidence and faster progression in DM pa-
tients [2,3]. The most frequent type in these patients is the nuclear one [4]. Current
cataract surgery techniques have managed to considerably reduce the risk of inflammatory
complications in these patients, particularly diabetic macular edema (DME) [5], although
cataract surgery is still considered a high-risk surgery in DM patients compared to subjects
without comorbidities [6].

Macular edema (ME) is the leading cause of poor visual acuity (VA) after cataract
surgery in DM patients [7], due to either pseudophakic cystoid ME (PCME), also known as
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Irvine–Gass syndrome, or the progression of diabetic maculopathy, which is as a result of
pre-existing DME at the time of surgery.

The risk factors that influence increase in macular thickness after surgery include presur-
gical DME [5], the DR stage [8,9], the glycated hemoglobin (HbA1c) level [10], the use of
insulin [11], the duration of diabetes [12], ocular hypertension [13], and hyperlipidemia [14].

Some authors affirm that DM patients have an altered blood–retinal barrier even in
the absence of obvious signs of DR, and this could justify higher rates of ME after cataract
surgery [15–17]. However, the incidence of this worsening is not clear yet [18].

It is unknown whether the progression of ME in DM patients after cataract surgery
is a consequence of the surgical trauma or a reflection of the natural progression of the
disease, but it seems to be related to the type of diabetic population (stage of the disease or
metabolic control). This study focuses on DM patients without signs of DR or DME, who
are commonly seen in practice.

Optical coherence tomography (OCT) is an objective, non-invasive, well-
tolerated, non-contact method for quantitative measurements of retinal thickness, with
high reproducibility [19,20].

OCT has substantially boosted the sensitivity of detection of retinal thickening and ME
compared to clinical examination and is as effective as fluorescein angiography (FA) [21,22].

The purpose of our study was to analyze changes in macular thickness after uncom-
plicated phacoemulsification surgery in non-diabetic subjects and DM patients without DR
lesions, and to determine if DM increases the risks associated with these changes.

2. Materials and Methods

We performed a unicentric prospective study including a consecutive cohort of 36 DM
patients without DR and 34 non-diabetic subjects diagnosed with age-related cataract. A
total of 131 eyes were studied. The study was carried out at the Instituto Clínico Quirúrgico
de Oftalmología (ICQO) in Bilbao, Spain between January 2019 and December 2019, with
approval from the Institutional Ethics Committee. CEIC E18/43, clinical research ethics
committee from the Hospital Universitario Cruces, Spain.

The inclusion criteria were DM without DR and non-diabetic subjects with cataract.
The exclusion criteria were a previous history of intraocular surgery, uveitis, glaucoma
or any vitreoretinal pathology, a refractive error with a spherical equivalent (SE) over
5.5 diopters (D) or astigmatism higher than 3D, and any intraoperative or postoperative
complication. To ensure a correct analysis of macular thickness, OCT scans with a signal
strength inferior to 6 in the preoperative exam, were excluded from the study.

Each subject’s complete history was obtained, including age, sex, and duration, as
well as the DM type and HbA1c level for the diabetic group. Preoperatively, ophthalmic
examination included measurement of refractive errors, BCVA with Snellen charts, and
intraocular pressure (IOP) with Goldman tonometry, as well as biometry with IOL-Master
(Carl Zeiss Meditec, Dublin, Ca, USA), slit-lamp biomicroscopy posterior segment exami-
nations, and spectral domain (SD) OCT. Patients were followed up at postoperative days 1,
7, 30, 90, and 180.

OCT scan was performed with Cirrus HD-OCT 4000 (Carl Zeiss Meditec, Dublin, CA,
USA). Macular cube 512 × 128 protocol was used, with all scans having signal strength
greater than 6 and no motion or blinking artefacts. The thickness measurements for each
of the nine map sectors as defined by the Early Treatment Diabetic Retinopathy Study
(ETDRS) and the average retinal thickness and total macular volume (MV) were generated
by the Cirrus HD-OCT internal algorithm (software version: 6.9). The ETDRS grid includes
the central value of the 1 mm diameter ring and 4 quadrants (superior, inferior, temporal,
and nasal) in the inner or parafoveal (3 mm) and outer or perifoveal ring (6 mm). OCT
measurements were done before surgery and in the defined postoperative times.

Surgical procedure:
Before surgery, mydriasis was achieved using 10% phenylephrine hydrochloride (Col-

icusí Fenilefrina®; M4 PHARMA, S.L., Barcelona, Spain), 1% cyclopentolate hydrochloride
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(Colicursí Ciclopejico®; Alcon Healthcare, S.A., Cornellà de Llobregat, Spain), and 0.5%
ketorolac trometamol (Acular®; Allergan S.A., Tres Cantos, Spain). A 2% lidocaine gel
anesthetic was applied on the ocular surface few minutes before surgery.

A lid speculum was used to hold the eyelids apart. The ocular surface was irrigated
with 5% povidone iodine for 30–60 s to wash out debris and particles from the conjunctival
fornices, followed by generous washing with balanced salt solution to remove all traces of
antiseptic solution from the surgical field.

A 15◦ stab knife was used to fashion a small paracentesis at the peripheral cornea
3–4 clock hours before the main surgical incision. Intracameral injections of anesthetic
(lidocaine 2%) and viscoelastic filling of the anterior chamber were performed after making
the side ports.

After making a 2.4 mm clear corneal tunnel incision, forceps were used to create a
continuous curvilinear capsulorrhexis, followed by hydrodissection, hydrodelineation,
and nucleus rotation, posterior chamber phacoemulsification, and foldable acrylic IOL
implantation within the capsular bag.

At the end of the surgery, 0.1 mL of 10 mg/mL cefuroxime was injected in the anterior
chamber, followed by wound leak testing.

After surgery, all patients received tobramycin 1 mg/mL and dexamethasone 3 mg/mL
(Tobradex®; Novartis Farmacéutica, S.A., Barcelona, Spain) and 0.5% ketorolac trometamol
(Acular®; Allergan S.A., Tres Cantos, Spain) four times a day for at least two weeks. All the
surgeries were performed by the same surgeon. All surgical procedures were performed
with the same equipment (Alcon Constellation, Fort Worth, TX, USA). There were no
significant differences regarding energies used.

Statistical Analysis:
All variables were collected in the Excel 2016 program and the information was

subsequently analyzed using SPSS Statistics for Windows, Version 26.0 (SPSS, IBM Corp,
Armonk, NY, USA). p-values less than 0.05 were considered significant.

From the initial cohort of patients, eyes that developed PCME were excluded. In
patients that underwent surgery for both eyes, one eye was randomly selected for analysis.

A repeated measures MANOVA (RMM) was used to assess whether diabetes or gender
had a significant effect on the temporal evolution of different variables considered as a
whole and whether there were significant differences between the values of these variables
measured at different times.

If diabetes or gender was detected as an influencing factor, analysis of variance was
performed for each variable separately to detect in which of them there were significant
differences between groups (diabetics vs. non-diabetics or men vs. women). Paired t-tests
were also performed to evaluate the differences between the time points considered in the
analysis. In these cases, all p-values were adjusted by the Bonferroni correction.

Differences in macular thickness between operated and unoperated eyes were studied
in a group of 18 patients to compare the temporal evolution of both eyes. Wilcoxon tests
were performed, with the p-values adjusted by the Bonferroni correction.

To determine if there is a relationship between BCVA and the macular thickness
obtained at different moments in time, the p-values of the corresponding Pearson correlation
coefficients, adjusted by the Bonferroni correction, have been obtained. To assess if gender
or diabetes have a significant effect on the temporal evolution of BCVA, a repeated measures
ANOVA (RMA) has been performed.

3. Results

Seventy patients (39 females, 56%; 31 males, 44%) were initially included in this study.
The average age of the patients was 71.66 ± 1.95 years (range: 47 to 86 years). The DM
group was composed of 36 patients (51%) and the control group included 34 non-diabetic
subjects with age-related cataract (49%). The mean value of HbA1c in the DM group was
6.99%. There were no differences between surgeries and the used energy.
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After exclusion of eyes that developed PCME and randomization in patients with
information about both eyes, a total of 64 eyes from 64 patients (33 females, 52%; 31 males,
48%) were analyzed. Thirty-two of these patients (50%) were DM patients and thirty-two
were non-diabetic subjects (50%). The average age of the patients was 71.66 ± 2.02 years
(range: 47 to 85 years). The mean value of HbA1c in the group of diabetic patients was 7%.

In both diabetic and non-diabetic patients, there was no significant change in the foveal,
parafoveal, and perifoveal retinal thickness after phacoemulsification on postoperative day
7. There was increase in thickness on days 30, 90, and 180. OCT thickness values of the
central 1 mm ring, the four quadrants (superior, inferior, nasal, and temporal) of the 3- and
6-mm ring, the MV and the average thickness are presented in Table S1.

Temporal evolution of the mean macular thickness in the areas of the ETDRS grid was
evaluated and is presented in Figure 1.
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Figure 1. Temporal evolution of the mean macular thickness in the different ETDRS grid areas. The
thickness measurements are expressed in microns. Abbreviations: CENTRAL is the central 1 mm
ring; 3SUP, 3INF, 3NASAL, and 3TEMP are, respectively, the superior, inferior, nasal, and temporal
quadrants of the 3 mm ring in the ETDRS grid; 6SUP, 6INF, 6NASAL, and 6TEMP are, respectively,
the superior, inferior, nasal, and temporal quadrants of the 6 mm ring in the ETDRS grid; MV is the
macular volume and AVERAGE is the average retinal thickness.

Almost all the studied areas showed changes compared to the preoperative measure-
ments. Table 1 shows the temporal differences for each of the areas of the ETDRS.
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Table 1. p-values paired test of comparison between different time points for all variables. Differences
with p-values < 0.05 are shown in shade.

Variable Pre–7d Pre–30d Pre–90d Pre–180d 7d–30d 7d–90d 7d–180d 30d–90d 30d–180d 90d–180d
CENTRAL 1.000 <0.001 0.004 0.012 0.018 <0.001 <0.001 0.337 1.000 0.200

3SUP 1.000 0.036 <0.001 0.014 <0.001 <0.001 0.009 <0.001 1.000 1.000
3INF 1.000 <0.001 0.012 <0.001 0.027 0.029 0.025 1.000 1.000 1.000

3NASAL 1.000 0.731 <0.001 <0.001 1.000 <0.001 0.089 0.017 1.000 0.007
3TEMP 1.000 <0.001 <0.001 <0.001 0.098 <0.001 0.054 <0.001 1.000 <0.001
6SUP 1.000 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 0.009
6INF 1.000 <0.001 <0.001 0.001 <0.001 <0.001 0.002 <0.001 1.000 <0.001

6NASAL 0.832 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 <0.001
6TEMP 0.634 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 <0.001

MV 0.232 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 <0.001
AVERAGE 0.254 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 <0.001

There were no significant differences in macular thicknesses between eyes of the
DM group and eyes of the control group at the preoperative time point nor at any of
the postoperative points in the central area. There were also no significant differences
in the mean thickness values of the para- or perifoveal rings between the two groups
preoperatively nor at any postoperative time point (Figures 2–4). The acronyms in these
figures are CENTRAL: the central 1 mm ring; 3SUP, 3INF, 3NASAL, and 3TEMP are,
respectively, the superior, inferior, nasal, and temporal quadrants of the 3 mm ring in the
ETDRS grid; 6SUP, 6INF, 6NASAL, 6TEMP are, respectively, the superior, inferior, nasal,
and temporal quadrants of the 6 mm ring in the ETDRS grid; MV: the macular volume
and AVERAGE: the average retinal thickness. In parentheses: D: diabetic group; ND:
non-diabetic group.
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Figure 2. Mean values of the retinal thickness in the central area of the 1 mm diameter ring for DM
patients and non-diabetic subjects during the follow-up time points. Values are expressed in microns.
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Figure 3. Mean values of the retinal thicknesses in the 3 mm ring of the ETDRS macular grid for DM
patients and non-diabetic subjects during the follow-up time points. Values are expressed in microns.
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Analyzing gender as an influence factor, statistically significant differences were found
in the central area of the ETDRS grid (p = 0.035), with thicker values in men than in women.
There were no differences in the other areas of the ETDRS. Data are shown in Figure 5.
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Differences between macular thickness in operated and unoperated eyes were studied
in a group of 18 patients, using the unoperated eye as the control. Two of these patients later
developed PCME and were excluded, leaving 16 patients for the final analysis (Table 2).
Non-parametric tests were used for the analysis (Wilcoxon tests with p values adjusted by
the Bonferroni correction).

Table 2. p-values given by Wilcoxon test of comparison between operated and unoperated eyes.
Differences with p-values < 0.05 are shown in shade.

Variable Pre 7d 30d 90d 180d

CENTRAL 0.166 1.000 1.000 0.398 0.452

3SUP 1.000 1.000 0.328 0.029 0.035

3INF 1.000 1.000 1.000 0.053 0.049

3NASAL 0.235 1.000 1.000 0.032 0.013

3TEMP 1.000 1.000 1.000 0.107 0.273

6SUP 1.000 1.000 1.000 0.480 0.772

6INF 1.000 0.686 0.035 0.124 0.030

6NASAL 1.000 0.449 0.052 0.006 0.005

6TEMP 1.000 1.000 1.000 0.079 0.053

MV 1.000 1.000 0.487 0.007 0.007

AVERAGE 1.000 1.000 0.392 0.009 0.005

There were significant differences in the macular thicknesses, with higher thickness
values for the operated eye compared to the control one in some of the areas and at
different follow-up time points. On postoperative day 7, no differences were found. On
postoperative day 30, we found significant differences in the inferior quadrant of the 6 mm
ring (p = 0.03). On day 90, we found significant differences in both the superior (p = 0.03)
and nasal (p = 0.03) quadrants of the 3 mm ring, in the nasal quadrant of the 6 mm ring
(p = 0.01), in the MV (p = 0.01), and in the average retinal thickness (p = 0.01). In the
180-day measurements, we found differences in the following areas: superior (p = 0.03),
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inferior (p = 0.04), and nasal (p = 0.01) quadrants of the 3 mm ring; inferior (p = 0.03) and
nasal (p < 0.01) quadrants of the 6 mm ring; MV (p < 0.01); and average retinal thickness
(p < 0.01). Figures 6 and 7 show the temporal evolution of the average retinal thickness
and MV measurements for operated and unoperated eyes. The unoperated eye showed no
changes in macular thickness over time.
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Figure 7. Mean values of macular volume for operated and control eyes during the follow-up time
points. Values are expressed in mm3.

Regarding the relationship between visual acuity and macular thickness, the only
significant correlation coefficient (r = 0.399, with p = 0.011) has been obtained for the
values of BCVA and macular thickness of the superior quadrant of the 3 mm ring, obtained
30 days after surgery.

There were no significant differences in BCVA between diabetic and non-diabetic
patients (p = 0.418), nor between men and women (p = 0.229).
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Temporal evolution of the BCVA is presented in Figure 8. It can be seen that, after the
operation, the value of this variable increases throughout the entire period considered in
the study.
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4. Discussion

Although the pathogenesis of ME after cataract surgery is probably multifactorial and
remains unknown, it appears to be associated with postoperative inflammation induced
by prostaglandins and other inflammatory mediators [23]. DM patients have chronic
microangiopathy, which makes them more prone to developing subclinical ME after
cataract surgery [24].

Some studies have evaluated the chances of changes in macular thickness or develop-
ing ME after surgery in DM patients without DR compared to non-diabetics. Dennitson
et al. [25] places the risk of developing DME at 1% in the first year after cataract surgery,
and Chu et al. [26] at 1.8%.

The descriptive values obtained in this study coincide with the current normative data
for Cirrus OCT [27–29].

In the present study, prior to surgery, no significant differences were observed in
the macular thickness values between the DM group and the non-diabetic group. Some
studies have reported similar values for DM patients with no DR lesions and normal
subjects [30–32]. We also found no differences in macular thickness between the two
groups after cataract surgery. Numerous studies have presented similar results, with DM
without DR exerting no significant influence on macular thickness after uncomplicated
cataract surgery [32–36].

However, other authors have found significant differences in macular thickness among
patients after cataract surgery [31,37,38]. In our study, we excluded all patients that devel-
oped any degree of ME, which could explain the difference between our results and those
of these authors.

In our study, we observed changes in retinal thickness during the studied time points.
Preoperative values were similar to those found one week after surgery. One month after
surgery, there was statistically significant increase in retinal thickness values that continued
up to three months, but after six months, the values reduced to become similar to those
obtained one month after the operation.

Increased subclinical macular thicknesses after uncomplicated cataract surgery are
still unclear. Our results are similar to those published by Cagini et al. [39] and Ikegami
et al. [33], who reported a peak in macular thickness 3 months after surgery. Prakash
et al. [34] found a peak at 6 weeks, Perente et al. [40] and Bamahfouz et al. [41] at the
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one-month time point, like Katsimpiris et al. [31] in their control group. On the contrary,
Giocanti-Auregán et al. [42], in diabetic patients without DR, observed a peak macular
thickness value at 6 months, whereas Katsimpris et al. [31] did at 12 months. Part of these
changes could be related to the use of topical steroids.

The diabetic and non-diabetic patients whose operated and control eyes were com-
pared, we saw that the evolution of both eyes was different, which was expected. The
non-operated contralateral eyes showed no changes in their thickness over time.

Regarding the relationship between BCVA and macular thickness, the only significant
correlation coefficient has been obtained for the superior quadrant of the 3 mm ring,
obtained one month after surgery.

These postoperative increases in retinal thickness were asymptomatic, probably re-
flecting changes in the permeability of the retinal–blood barrier, and may be part of the
pathophysiology of the macular region in cataract surgery. They were similar for both DM
without DR and non-diabetic patients. Other values such as retinal sensitivity provide by
microperimetry would improve our knowledge of the macular status [43].

5. Conclusions

The present study has demonstrated a significant increase in macular thickness and
volume up to 6 months after uncomplicated cataract surgery both in diabetic patients
without DR and non-diabetic subjects. No significant differences were found between
both groups. This postoperative inflammatory activity is subclinical and is the same in
both groups. Good metabolic control is important to avoid a worse visual prognosis after
cataract surgery.
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www.mdpi.com/article/10.3390/diagnostics12123078/s1, Table S1: Preoperative and postoperative
macular thicknesses and volumes (diabetic and non-diabetic patients) using Cirrus HD optical
coherence tomography.

Author Contributions: Conceptualization, M.G.G.d.S., J.A., I.P. and A.M.-A.; methodology, M.G.G.d.S.,
I.P., J.A. and A.M.-A.; software, A.M.-A. and M.G.G.d.S.; validation, I.P., J.A. and A.M.-A.; formal anal-
ysis, A.M.-A. and M.G.G.d.S.; investigation, M.G.G.d.S., I.P., J.A. and A.M.-A.; resources, M.G.G.d.S.,
I.P., A.M.-A. and J.A.; data curation, A.M.-A. and M.G.G.d.S.; writing—original draft preparation,
M.G.G.d.S., A.M.-A., I.P. and J.A.; writing—review and editing, M.G.G.d.S., A.M.-A. and I.P.; visu-
alization, M.G.G.d.S., A.M.-A. and I.P.; supervision, I.P., A.M.-A. and J.A.; project administration,
M.G.G.d.S. and I.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and it was reviewed and approved on 27 November 2018 by with approval
from the Institutional Ethics Committee. CEIC E18/43, clinical research ethics committee from the
Hospital Universitario Cruces, Spain.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: All the data generated or analyzed during this study are included in
this article. Further enquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. International Diabetes Federation. IDF Diabetes Atlas, 7th ed.; International Diabetes Federation: Brussels, Belgium, 2015.
2. Peterson, S.R.; Silva, P.A. Cataract Surgery in Patients with Diabetes: Management Strategies. Semin. Ophthalmol. 2018, 33, 75–82.

[CrossRef] [PubMed]
3. Saxena, S.; Mitchell, P. Five-year incidence of cataract in older persons with diabetes and pre-diabetes. Ophthalmic. Epidemiol.

2004, 11, 271–277. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/diagnostics12123078/s1
https://www.mdpi.com/article/10.3390/diagnostics12123078/s1
http://doi.org/10.1080/08820538.2017.1353817
http://www.ncbi.nlm.nih.gov/pubmed/29144826
http://doi.org/10.1080/09286580490510733
http://www.ncbi.nlm.nih.gov/pubmed/15512989


Diagnostics 2022, 12, 3078 11 of 12

4. Pollreisz, A.; Schmidt-Erfurth, U. Diabetic cataract-pathogenesis, epidemiology and treatment. J. Ophthalmol. 2010, 2010, 608751.
[CrossRef]

5. Dowler, J.G.; Hykin, P.G. Phacoemulsification versus extracapsular cataract extraction in patients with diabetes. Ophthalmology
2000, 107, 457–462. [CrossRef] [PubMed]

6. Pershing, S.; Morrison, D.E. Cataract surgery complications and revisit rates among three states. Am. J. Ophthalmol. 2016, 171,
130–138. [CrossRef] [PubMed]

7. Greenberg, P.B.; Tseng, V.L. Prevalence and predictors of ocular complications associated with cataract surgery in United States
veterans. Ophthalmology 2011, 118, 507–514. [CrossRef]

8. Mittra, R.A.; Borrillo, J.L. Retinopathy progression and visual outcomes after phacoemulsification in patients with diabetes
mellitus. Arch. Ophthalmol. 2000, 118, 912–917.

9. Somaiya, M.D.; Burns, J.D. Factors affecting visual outcomes after small-incision phacoemulsification in diabetic patients. J.
Cataract. Refract. Surg. 2002, 28, 1364–1371. [CrossRef] [PubMed]

10. Hayashi, K.; Igarashi, C. Changes in diabetic macular edema alter phacoemulsification surgery. Eye 2009, 23, 389–396. [CrossRef]
11. Henricsson, M.; Hejil, A. Diabetic retinopathy before and after cataract surgery. Br. J. Ophthalmol. 1996, 80, 789–793. [CrossRef]
12. Kim, S.J.; Equi, R. Analysis of macular edema after cataract surgery in patients with diabetes using optical coherence tomography.

Ophthalmology 2007, 114, 881–889. [CrossRef] [PubMed]
13. Romero, P.; Bageet, M. Diabetic macular edema and its relationship to renal microangiopathy: A sample of type I diabetes mellitus

patients in 15 years follow up study. J. Diabetes Complicat. 2007, 21, 172–180. [CrossRef] [PubMed]
14. Chew, E.Y.; Benson, W.Y. Results after lens extraction in patients with diabetic retinopathy: Early treatment diabetic retinopathy

study report number 25. Arch. Ophthalmol. 1999, 117, 1600–1606. [CrossRef] [PubMed]
15. Miyake, K.; Ibaraki, N. ESCRS Binkhorst lecture 2002: Pseudophakic preservative maculopathy. J. Cataract. Refract. Surg. 2003, 29,

1800–1810. [CrossRef]
16. Cunha-Vaz, J.G. Studies on the pathophysiology of diabetic retinopathy: The blood retinal barrier in diabetes. Diabetes 1983, 32,

20–27. [CrossRef]
17. Chew, E.; Klein, M. Association of elevated serum lipid levels with retinal hard exudate in diabetic retinopathy. Early Treatment

Diabetic Retinopathy Study. Arch. Ophthalmol. 1996, 114, 1079–1084. [CrossRef]
18. Squirell, D.; Bhola, R. A prospective case-controlled study of the natural history of diabetic retinopathy and maculopathy after

uncomplicated phacoemulsification cataract surgery in patients with type 2 diabetes. Br. J. Ophthalmol. 2002, 86, 565–571.
[CrossRef]

19. Hee, M.R.; Izzat, J.A. Optical Coherence Tomography of the Human Retina. Arch. Ophthalmol. 1995, 113, 325–532. [CrossRef]
20. Puliafito, C.A.; Hee, M.R. Imaging of macular diseases with optical coherence tomography. Ophthalmology 1995, 102, 217–229.

[CrossRef]
21. Brown, J.C.; Solomon, S.D. Detection of diabetic foveal edema: Contact lens biomicroscopy compared with optical coherence

tomography. Arch. Ophthalmol. 2004, 122, 330–335. [CrossRef]
22. Browning, D.J.; McOwen, M.D. Comparasion of the clinical diagnosis by optical coherence tomography. Ophthalmology 2004, 111,

712–715. [CrossRef] [PubMed]
23. Ursell, P.G.; Spalton, D.J. Cystoid macular edema after phacoemulsification: Relationship to blood-aqueous barrier damage and

visual acuity. J. Cataract. Refract. Surg. 1999, 25, 1492–1497. [CrossRef] [PubMed]
24. Miyake, K. Fluorophotometric evaluation of the blood ocular barrier function following cataract surgery and intraocular lens

implantation. J. Cataract. Refract. Surg. 1988, 14, 560–568. [CrossRef] [PubMed]
25. Denniston, A.K.; Lee, A.Y. United Kingdom Diabetic Retinopathy Electronic Medical Record (UK DR EMR) Users Group: Report

4, Real-World Data on the Impact of Deprivation on the Presentation of Diabetic Eye Disease at Hospital Services. Br. J. Ophthalmol.
2019, 103, 837–843. [CrossRef]

26. Chu, C.J.; Johnston, R.L.; United Kingdom Pseudophakic Macular Edema Study Group. Risk Factors and Incidence of Macular
Edema after Cataract Surgery: A Database Study of 81,984 Eyes. Ophthalmology 2016, 123, 316–323. [CrossRef]

27. Sull, A.C.; Vuong, L.N. Comparison of spectral/Fourier domain optical coherence tomography instruments for assessment of
normal macular thickness. Retina 2010, 30, 235–244. [CrossRef]

28. Liu, T.; Hu, A.Y. A pilot study of normative data for macular thickness and volume measurements using cirrus high-definition
optical coherence tomography. Retina 2011, 31, 1944–1950. [CrossRef]

29. Kakinoki, M.; Sawada, O. Comparison of macular thickness between Cirrus HD-OCT and Stratus OCT. Ophthalmic Surg. Lasers
Imaging 2009, 40, 135–140. [CrossRef]

30. Bressler, N.M.; Edwards, A.R. Retinal thickness on Stratus optical coherence tomography in people with diabetes and minimal or
no diabetic retinopathy. Am. J. Ophthalmol. 2008, 145, 894–901. [CrossRef]

31. Katsimpris, J.M.; Petropoulos, I.K. Central foveal thickness before and after cataract surgery in normal and in diabetic patients
without retinopathy. Klin. Monbl. Augenheilkd. 2012, 229, 331–337. [CrossRef]

32. Liu, J.; Jones, R.E.; Zhao, J.; Zhang, J.; Zhang, F. Influence of Uncomplicated Phacoemulsification on Central Macular Thickness in
Diabetic Patients: A Meta- Analysis. PLoS ONE 2015, 10, e0126343. [CrossRef] [PubMed]

33. Ikegami, Y.; Takahashi, M. Evaluation of choroidal thickness, macular thickness, and aqueous flare after cataract surgery in
patients with and without diabetes: A prospective randomized study. BMC Ophthalmol. 2020, 20, 102. [CrossRef] [PubMed]

http://doi.org/10.1155/2010/608751
http://doi.org/10.1016/S0161-6420(99)00136-0
http://www.ncbi.nlm.nih.gov/pubmed/10711881
http://doi.org/10.1016/j.ajo.2016.08.036
http://www.ncbi.nlm.nih.gov/pubmed/27615607
http://doi.org/10.1016/j.ophtha.2010.07.023
http://doi.org/10.1016/S0886-3350(02)01319-6
http://www.ncbi.nlm.nih.gov/pubmed/12160805
http://doi.org/10.1038/sj.eye.6703022
http://doi.org/10.1136/bjo.80.9.789
http://doi.org/10.1016/j.ophtha.2006.08.053
http://www.ncbi.nlm.nih.gov/pubmed/17275910
http://doi.org/10.1016/j.jdiacomp.2006.07.008
http://www.ncbi.nlm.nih.gov/pubmed/17493551
http://doi.org/10.1001/archopht.117.12.1600
http://www.ncbi.nlm.nih.gov/pubmed/10604663
http://doi.org/10.1016/S0886-3350(03)00560-1
http://doi.org/10.2337/diab.32.2.S20
http://doi.org/10.1001/archopht.1996.01100140281004
http://doi.org/10.1136/bjo.86.5.565
http://doi.org/10.1001/archopht.1995.01100030081025
http://doi.org/10.1016/S0161-6420(95)31032-9
http://doi.org/10.1001/archopht.122.3.330
http://doi.org/10.1016/j.ophtha.2003.06.028
http://www.ncbi.nlm.nih.gov/pubmed/15051203
http://doi.org/10.1016/S0886-3350(99)00196-0
http://www.ncbi.nlm.nih.gov/pubmed/10569164
http://doi.org/10.1016/S0886-3350(88)80016-6
http://www.ncbi.nlm.nih.gov/pubmed/3054055
http://doi.org/10.1136/bjophthalmol-2018-312568
http://doi.org/10.1016/j.ophtha.2015.10.001
http://doi.org/10.1097/IAE.0b013e3181bd2c3b
http://doi.org/10.1097/IAE.0b013e31820d3f13
http://doi.org/10.3928/15428877-20090301-09
http://doi.org/10.1016/j.ajo.2007.12.025
http://doi.org/10.1055/s-0031-1299215
http://doi.org/10.1371/journal.pone.0126343
http://www.ncbi.nlm.nih.gov/pubmed/25965404
http://doi.org/10.1186/s12886-020-01371-7
http://www.ncbi.nlm.nih.gov/pubmed/32169068


Diagnostics 2022, 12, 3078 12 of 12

34. Prakash, G.B.; Agarwal, I. Effect of Uncomplicated Cataract Surgery on Central Macular Thickness in Diabetic and Non-diabetic
Subjects. J. Ophthalmic. Vis. Res. 2019, 14, 442–447. [CrossRef] [PubMed]

35. Biro, Z.; Balla, Z. OCT measurements on the foveal and perifoveal retinal thickness on diabetic patients after phacoemulsification
and IOL implantation. Eye 2010, 24, 639–647. [CrossRef] [PubMed]

36. Jurecka, T.; Batkova, Z. Macular edema after cataract surgery in diabetic patients without retinopathy. Cesk. Slov. Oftalmol. 2007,
63, 274–284. [PubMed]

37. Tsilimbaris, M.; Diakonis, V.F. Prospective study of foveal thickness alterations after cataract surgery assessed by optical coherence
tomography. Ophthalmologica 2012, 228, 53–58. [CrossRef]

38. Sahin, M.; Cingü, A.K. Evaluation of cystoid macular edema using optical coherence tomography and fundus autofluorescence
after uncomplicated phacoemulsification surgery. J. Ophthalmol. 2013, 2013, 376013. [CrossRef]

39. Cagini, C.; Fiore, T. Macular thickness measured by optical coherence tomography in a healthy population before and after
uncomplicated cataract phacoemulsification surgery. Curr. Eye. Res. 2009, 34, 1036–1041. [CrossRef]

40. Perente, I.; Utine, C.A. Evaluation of macular changes after uncomplicated phacoemulsification surgery by optical coherence
tomography. Curr. Eye. Res. 2007, 32, 241–247. [CrossRef]

41. Bamahfouz, A. Correlation of Central Macular Thickness and the Best-Corrected Visual Acuity in Three Months after Cataract
Surgery by Phacoemulsification and with Intraocular Lens Implantation. Cureus 2021, 13, e13856. [CrossRef]

42. Giocanti-Aurégan, A.; Grenet, T. Impact de la chirurgie de la cataracte sur l’épaisseur maculaire centrale chez le patient diabétique
sans rétinopathie diabétique. J. Fr. D’ophtalmologie 2013, 36, 35–40. [CrossRef] [PubMed]

43. Rai, B.B.; Maddess, T. Comparing Objective Perimetry, Matrix Perimetry, and Regional Retinal Thickness in Mild Diabetic Macular
Edema. Trans. Vis. Sci. Tech. 2021, 10, 32. [CrossRef] [PubMed]

http://doi.org/10.18502/jovr.v14i4.5447
http://www.ncbi.nlm.nih.gov/pubmed/31875099
http://doi.org/10.1038/eye.2009.164
http://www.ncbi.nlm.nih.gov/pubmed/19590521
http://www.ncbi.nlm.nih.gov/pubmed/17682607
http://doi.org/10.1159/000336908
http://doi.org/10.1155/2013/376013
http://doi.org/10.3109/02713680903288937
http://doi.org/10.1080/02713680601160610
http://doi.org/10.7759/cureus.13856
http://doi.org/10.1016/j.jfo.2012.03.008
http://www.ncbi.nlm.nih.gov/pubmed/23084436
http://doi.org/10.1167/tvst.10.13.32
http://www.ncbi.nlm.nih.gov/pubmed/34842920

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

