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ABSTRACT

Introduction: Cataract surgery can be associ-
ated with vision-threatening complications in
patients with diabetes. This study aimed to
assess the functional and anatomic outcomes of
the intravitreal dexamethasone (DEX) implant,
administered at the time as cataract surgery, in
patients with diabetic retinopathy and diabetic
macular edema (DME).
Methods: This was a retrospective, observa-
tional, and single-center study. The primary
endpoint was the mean change in central
macular thickness (CMT) from baseline to
month 1. Secondary endpoints included mean
change in best corrected visual acuity (BCVA)
from baseline to month 1 and 3, mean change
in CMT from baseline to month 3, the photopic
negative response (PhNR) and the b wave of
flash full-field electroretinogram from baseline

to month 1, and the incidence of adverse
events.
Results: Twenty-four eyes of 21 patients were
included in the study. The mean (range) age of
patients was 69 (63–87) years and 13 (61.9%)
were men. Mean (standard deviation) CMT sig-
nificantly decreased from 447 (134) lm at
baseline to 341 (134) lm at month 1 (mean
difference - 106 ± 134 lm, 95% CI - 183.9 to
- 28.1 lm; p = 0.0087). BCVA significantly
improved from 46 (20) ETDRS letters at baseline
to 59 (22) ETDRS letters at month 1 (mean dif-
ference 13 ± 21 letters, 95% CI 0.8–25.2 letters;
p = 0.0375). Regarding electrophysiology, there
was a statistically significant reduction in mean
PhNR from 5.24 (1.67) lV at baseline to 3.73
(1.19) lV at month 1 (mean difference
- 1.51 ± 0.42 lV, 95% CI - 2.4 to - 0.7 lV,
p = 0.0008); whereas b wave amplitude did not
change (12.69 ± 6.89 lV at baseline versus
12.29 ± 6.30 lV at month 1; p = 0.8347). Four
(16.7%) eyes developed ocular hypertension
over the course of follow-up, which was suc-
cessfully controlled with topical hypotensive
medication.
Conclusion: Perioperative DEX implant signifi-
cantly improved both anatomic and functional
outcomes in patients with DME who underwent
cataract surgery.
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Key Summary Points

Why carry out this study?

Compared to patients without diabetes,
cataract surgery outcomes were reported
to be worse in patients with diabetes,
especially in those with diabetic
retinopathy. A preexisting diabetic
macular edema could increase the risk of
ME progression by 20–50%; hence, an
appropriate therapeutic management of
DME is recommended perioperatively.

This study aimed to assess the functional
and anatomic outcomes of the intravitreal
dexamethasone implant, administered at
the time as cataract surgery, in patients
with diabetic retinopathy and diabetic
macular edema.

What was learnt from the study?

In patients with diabetes who underwent
cataract surgery, perioperative DEX
implant significantly improved both
anatomic and functional outcomes and
may effectively prevent the diabetic
macular edema worsening associated with
cataract surgery.

It is therefore crucial to identify patients
with diabetes prior to cataract surgery so
that they can benefit from adequate
therapeutic preventive measures to reduce
the risk of postoperative complications.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12944189.

INTRODUCTION

Diabetic macular edema (DME) is the leading
cause of vision loss in patients with diabetic
retinopathy (DR) [1]. According to the Wiscon-
sin Epidemiologic Study of Diabetic Retinopa-
thy (WESDR), the 10-year incidence of DME was
20% for patients with type 1 diabetes mellitus
(DM), 13.9% for patients wtih type 2 diabetes
receiving insulin, and 25.4% for patients with
non-insulin-dependent type 2 DM [1].

Patients with DME are more likely to develop
cataract because of the inherent metabolic
condition [2]; therefore, a large percentage of
patients with diabetes undergoes cataract sur-
gery every year. According to a recent study,
20.4% of patients undergoing cataract surgery
in Italy are diabetic [3]. Cataract surgery can be
associated with vision-threatening complica-
tions in patients with diabetes, such as DME,
postoperative macular edema, progression of
DR, and posterior capsular opacification [4].

Compared to patients without diabetes, cat-
aract surgery outcomes were reported to be
worse in patients with diabetes, especially in
those with DR [5, 6]. As preexisting DME can
increase the risk of macular edema (ME) pro-
gression by 20–50%, an appropriate therapeutic
management of DME is recommended periop-
eratively [7].

Surgical inflammation associated with catar-
act surgery may be responsible for poor func-
tional outcomes in patients with DME [4].

Since there is increasing evidence about the
role of inflammation in the pathophysiology of
DME, corticosteroids have taken an active role
in its treatment [8]. Corticosteroid therapy is
able to inhibit many of the processes known to
be involved in the progression of DME, through
anti-inflammatory properties [9] and vascular
endothelial growth factor (VEGF) inhibition
[10]. Therefore, the perioperative administra-
tion of a dexamethasone intravitreal (DEX)
implant in patients with diabetes undergoing
cataract surgery might be beneficial.

We have evidence suggesting that, in
patients with diabetes, the intraoperative use of
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a DEX implant in combination with pha-
coemulsification and intraocular lens (IOL)
implantation could provide good functional
and anatomic outcomes [11–14]. It has been
clearly demonstrated that DR affects not only
retinal vasculature but also the neural elements
of the retina; in fact, retinal ganglion cells
(RGCs) are particularly susceptible to glutamate
excitotoxicity, which plays an important role in
ischemic diseases such as vessel occlusion and
DR [15].

Electroretinography can estimate the overall
functional status of the retina. The photopic
negative response (PhNR) of flash full-field
electroretinogram (ERG) is the negative poten-
tial which follows the b wave. It is an electrical
signal that represents the activity of RGCs and
their axons. It was suggested that PhNR may be
useful for assessing the inner retinal damage
and how it progressively decreases with the
progression of DR [16]. Furthermore, reduced
b wave amplitudes and prolonged implicit
times, for rod- and cone-driven responses, are
related to retinal impairment in DR [17].

Since inflammation and altered concentra-
tions of angiogenic factors after cataract surgery
may aggravate maculopathy, we hypothesized
that perioperative use of DEX implant may be
effective for reducing the potential DME wors-
ening after phacoemulsification. Additionally,
the assessment of retinal and visual function in
patients with diabetic retinopathy and cataract,
as well as the prediction of the recovery of the
visual acuity of patients after cataract surgery,
could be relatively difficult. Electrophysiologi-
cal examination has therefore been used as an
objective examination technique for visual
function.

The first purpose of this study was to evalu-
ate the anatomic response of DEX implant
administered at the time as cataract surgery in
patients with DR, with DME, and central mac-
ular thickness (CMT) greater than 250 lm.
Additionally, this study aimed to evaluate the
functional effect of DEX implant, in terms of
best corrected visual acuity (BCVA) and elec-
trophysiological parameters (amplitude of
b wave and PhNR), and safety, evaluating
intraocular pressure (IOP) variations and inci-
dence of adverse events.

METHODS

The CATOZURDEX study was designed as a
retrospective, observational, and single-center
study conducted at the Ophthalmology Unit of
Università Cattolica del S. Cuore/Fondazione
Policlinico Universitario A. Gemelli–IRCCS of
Rome, which included consecutive adult (over
18 years old) patients with DR and DME who
underwent cataract surgery and an intraopera-
tive DEX implant, between January 2017 and
December 2019. Patients with CMT equal or
greater than 250 lm, as measured using an
optical coherence tomography (OCT) device,
were suitable to be included in the study.

This study adhered to the tenets of the Dec-
laration of Helsinki and was approved by the
ethics committee of Fondazione Policlinico
Universitario A. Gemelli, which waived the
need for informed consent for this retrospective
study.

Patients with a history of glaucoma, high
intraocular pressure (defined as
IOP[21 mmHg), and patients with retinal or
choroidal disease other than DR that could
affect CMT were excluded. Dense retinal exu-
dates and media opacity that could interfere
with the CMT analysis were considered addi-
tional exclusion criteria.

All eyes underwent phacoemulsification (Al-
con Centurion Vision System; Forth Worth, TX,
USA) and ‘‘in the bag’’ lens implantation (Alcon
Acrysof SA60AT) by a single surgeon (AMM)
under topical anesthesia. At the end of the
surgical procedure, DEX implant (OzurdexTM,
Allergan plc., Dublin, Ireland) was injected in
the inferotemporal quadrant at 3.5–4 mm from
scleracorneal limbus. DEX implant was injected
at the end of the phacoemulsification proce-
dure, when potential intraoperative complica-
tions had been overcome.

Postoperative care included antibiotic
(moxifloxacin) four times daily for 2 weeks; a
topical non-steroidal anti-inflammatory
(nepafenac 3%) three times daily for 2 weeks
and then once daily for 2 months; and a topical
steroid (dexamethasone 0.15%) four times a
day, which was slowly tapered over 4 weeks.
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The protocol included a pre-surgery visit that
was considered as baseline visit (performed the
day before surgery) and three follow-up visits.
Follow-up visits were considered at week 1
(± 2 days) and months 1 and 3 (± 2 weeks).

All patients underwent a complete ophthal-
mologic examination. Slit lamp biomicroscopy,
BCVA, dilated fundus exam, and IOP measure-
ment were performed at each visit and spectral
domain OCT at baseline, month 1, and
month 3; OCT analysis was performed using
Heidelberg Spectralis Spectral Domain OCT
(Heidelberg Engineering, Heidelberg, Ger-
many). CMT was manually assessed on hori-
zontal B scans. Early Treatment Diabetic
Retinopathy Study (ETDRS) charts were used to
assess BCVA, while IOP was measured by means
a Goldmann applanation tonometer.

DME recurrence was defined as worsening in
visual acuity of at least 5 letters and/or a CMT
thickening of at least 50 lm, as compared to the
best postoperative values reached at 1 month.

Electrophysiology

Flash full-field ERG and PhNR were performed
at baseline and at month 1 after
phacoemulsification.

For each patient, Ganzfeld electroretino-
grams were recorded with a specific, published
protocol employed to isolate and analyze the
PhNR from the single flash cone-mediated
responses [18–20]. The amplitudes of the PhNR
and of the cone b wave were measured in each
recording session using a Retimax instrument
(CSO Company Florence, Italy).

Outcome Measures

The primary endpoint was the mean change in
CMT from baseline to month 1. Secondary
endpoints included mean change in CMT at
3 months, mean change in BCVA from baseline
to months 1 and 3, ERG parameters (PhNR and
b wave) from baseline to month 1, and inci-
dence of adverse events.

Statistical Analysis

Before starting the study, it was determined that
a sample size of 22 patients provided an 85%
power, at an alpha of 0.05, to detected a dif-
ference of 25% in PhNR and b wave amplitude
after treatment compared to baseline values.

Descriptive statistics number (percentage),
mean [standard deviation (SD)], mean [95%
confidence interval (95% CI)], mean [standard
error (SE)], or median (95% CI) were used, as
appropriate.

Data were tested for normal distribution
using the normality test (Shapiro–Wilk test). As
data were normally distributed, the two-way
paired-sample t test was used to compare means
at baseline and month 1.

Categorical variables were compared using a
chi-square test and a Fisher’s exact test, as
appropriated.

RESULTS

Among the 43 screened patients, 21 (24 eyes)
met all the requirements of the inclusion/ex-
clusion criteria. The mean (range) age of
patients was 69 (63–87) years and 13 (61.9%)
patients were men. The main baseline demo-
graphic and clinical characteristics of the study
sample are summarized in Table 1.

Mean (standard deviation) CMT significantly
decreased from 447 (134) lm at baseline to 341
(134) lm at month 1 (mean difference
- 106 ± 134 lm, 95% CI - 183.9 to - 28.1 lm;
p = 0.0087). Seventeen (70.8%) eyes achieved a
CMT reduction of at least 20%. Data were
plotted from CMT baseline on the x-axis and
month 1 CMT on the y-axis to make an overall
visual assessment, and the data were not dis-
tributed around the line (Fig. 1).

At month 3, CMT reduction remained
stable in 22 (91.7%) eyes, while two (8.3%)
showed a CMT worsening (CMT thickening of
at least 50 lm as compared to month 1).

BCVA significantly improved from 46 (20)
ETDRS letters at baseline to 59 (22) ETDRS let-
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ters at month 1 (mean difference 13 ± 21 let-
ters, 95% CI 0.8–25.2 letters; p = 0.0375)
(Fig. 2). Eleven (45.8%) eyes achieved a mean
BCVA improvement of at least 15 ETDRS letters,
5 (20.8%) eyes reached a mean BCVA improve-
ment of at least 5 letters, and 8 (33.3%) eyes
achieved a mean BCVA improvement of less
than 5 letters. At month 3, mean BCVA was 55
(range 2–85) letters, with 23 (95.8%) eyes
remaining stables and only 1 (4.2%) showing
visual acuity deterioration (visual acuity wors-
ening of at least 5 letters as compared to
month 1).

Regarding electrophysiology, there was a
statistically significant reduction in mean PhNR
from 5.24 (1.67) lV at baseline to 3.73 (1.19) lV
at month 1 (mean difference - 1.51 ± 0.42 lV,
95% CI - 2.4 to - 0.7 lV, p = 0.0008) (Fig. 3);
whereas b wave amplitude did not change
(12.69 ± 6.89 lV at baseline versus
12.29 ± 6.30 lV at month 1; mean difference
- 0.40 ± 1.91 lV, 95% CI - 4.24 to 3.44 lV,
p = 0.8347) (Fig. 4).

Regarding safety, 4 (16.7%) eyes developed
ocular hypertension over the course of follow-
up; this hypertension was successfully con-
trolled with topical hypotensive medication in
all the subjects.

During the study other treatment-related
adverse events have not been observed.

Table 1 Baseline clinical and demographic characteristics
of the study sample

Variable N = 24

Age, years*

Mean 69

Range 63–87

Sex*, n (%)

Female 8 (38.1)

Male 13 (61.9)

Eye, n (%)

Right 16 (66.7)

Left 8 (33.3)

Type of DM*, n (%)

Type 1 0 (0.0)

Type 2 21 (100.0)

DM treatment*, n (%)

Insulin 13 (61.9)

OAD 8 (38.1)

Diabetic retinopathy*, n (%)

No-proliferative 9 (42.9)

Proliferative 12 (57.1)

Length of DM, years

Mean 5.3

Range 2–35

CMT, lm

Mean (SD) 447 (134)

BCVA, letters**

Mean (SD) 46 (20)

PhNR, lV

Mean (SD) 5.24 (1.67)

B wave, lV

Table 1 continued

Variable N = 24

Mean (SD) 12.69 (6.89)

N number, SD standard deviation, CI confidence interval,
DM diabetes mellitus, OAD oral antidiabetic drugs, CMT
central macular thickness, BCVA best corrected visual
acuity, PhNR photopic negative response
*By patient (a total of 21 patients)
**Letters in the Early Treatment Diabetic Retinopathy
Study (ETDRS) charts
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DISCUSSION

The results of the current study have shown
that both CMT and visual acuity outcomes sig-
nificantly improved in those patients with DME
who underwent a unique DEX implant at the
same time as cataract surgery. By contrast the
component PhNR of the Ganzfeld elec-
troretinogram selectively decreased after treat-
ment, while the b wave remained unaltered.

Phacoemulsification in patients with dia-
betes and DME is associated with a high

incidence of CMT worsening and with poor
visual outcomes [21]. Moreover, a preexisting
DME represents the main risk factor for ME
worsening after uneventful cataract surgery. In
fact, the incidence of pseudophakic cystoid
macular edema (PCME) is significantly higher
(16.3%) in patients with previous DME and in
those with DR whose blood–retinal barrier has

Fig. 1 Scatter plot of the baseline and month 1 central
macular thickness. Mean difference - 106 ± 134 lm,
95% CI - 183.9 to - 28.1 lm; p = 0.0087 (two-tailed
paired-samples Student t test)

Fig. 2 Scatter plot of the baseline and month 1 best
corrected visual acuity. Mean difference 13 ± 21 letters,
95% CI 0.8–25.2 letters; p = 0.0375 (two-tailed paired-
samples Student t test)

Fig. 3 Scatter plot of the photopic negative response at
baseline and month 1. Mean difference
- 1.51 ± 0.42 lV, 95% CI - 2.4 to - 0.7 lV;
p = 0.0008 (two-tailed paired-samples Student t test)

Fig. 4 Scatter plot of the b wave at baseline and month 1.
The b wave amplitudes clustered around the diagonal line
indicate that there were no statistically significant differ-
ences between baseline and month 1 measurements. Mean
difference - 0.40 ± 1.91 lV, 95% CI - 4.24 to 3.44 lV,
p = 0.8347 (two-tailed paired-samples Student t test)
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been compromised before surgery [22]. Addi-
tionally, the RELDEX study, a 3-year real-life
study, found that cataract surgery did not have
any negative impact in those patients with DME
who were treated with DEX implant [23].

Our results demonstrating better clinical
outcomes in eyes that underwent a periopera-
tive DEX implant during phacoemulsification
were in line with the current literature. These
findings clearly suggested that the intraopera-
tive use of a DEX implant in combination with
phacoemulsification and IOL implantation was
associated with good functional and anatomic
outcomes in patients with diabetes [11–14].

The peak CMT reduction was achieved at
month 1 and remained stable throughout the
study. Additionally, there was a significant
improvement in BCVA.

As far as we know, DEX implant is currently
the only intravitreal treatment for DME that
can be used perioperatively, considering that
anti-VEGF therapy, according to the manufac-
turers’ summary of product characteristics,
cannot be used before 1 month after surgery
[24–26].

Our ERG data suggested a subclinical and
temporary dysfunction of the inner retina,
which was not reflected by visual acuity, after
DEX implant injection. In fact, it should be
noted that, as compared to baseline, PhNR
decreased at month 1 in 87.5% (21/24) of the
eyes. The b wave was unaltered following DEX
implant.

The b wave is the major component of the
human ERG recording. It is used in clinical and
experimental analysis as an indicator of retinal
function. It originates in retinal cells that are
post-synaptic to the photoreceptors [27].
Because the b wave reflects the sum of the
negative P-III component and the positive P-II
component, its amplitude is measured from the
trough of the a wave to the peak of the b wave
[27].

On the other hand, the PhNR is represented
by the negative wave following the b wave. It
originates from the RGC and their axons. As
compared to healthy subjects, the PhNR
amplitude was reduced and the implicit time
was prolonged in patients with DR [28]. RGCs
are particularly vulnerable to glutamate-

induced cellular toxicity. Therefore, increased
glutamate in the vitreous of patients with DR
induced degeneration of retinal tissue cells,
which might play an important role in retinal
ischemia [15].

Kizawa et al. reported that the PhNR/b wave
amplitude ratio was normal in patients with DR,
but the ratio was significantly reduced as the DR
became more severe [29]. These results sug-
gested that RGCs suffered a more severe damage
from diabetic changes than the cone cells or
bipolar cells did [28].

In healthy subjects, the amplitude of the
b wave was closely correlated with postopera-
tive BCVA for the scotopic 3.0 ERG response
[30].

Similarly, in patients with diabetes, we have
evidence suggesting a significant reduction of
multifocal ERG components and a delay in their
latencies in eyes with DME, which clearly indi-
cates a functional impairment in the outer
retina. Moreover, there was a significant inverse
association between BCVA and the amplitude of
P1 and N2, and the latency of central N1.
However, this study failed to find any correla-
tion between ERG parameters and CMT [31].

This study has some limitations that should
be taken into consideration when interpreting
its results. The first one is its design. Although
retrospective designs provide a valid vehicle for
research, they can be riddled with threats to
both internal and external validity. To mini-
mize this issue, this study applied strict inclu-
sion/exclusion criteria. The second limitation is
the restricted number of patients that can be
included in a single-center study. Nevertheless,
prior to the study, calculation of the sample size
was performed. Another limitation is the fact
that ERG may be affected by different factors,
e.g., temperature of the vitreous, light intensity,
state of adaptation, etc. [27].

CONCLUSION

In patients with DME who underwent cataract
surgery, perioperative DEX implant signifi-
cantly improved both anatomic and functional
outcomes. Additionally, DEX may effectively
prevent the DME worsening associated with
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cataract surgery. In order to reduce the risk of
postoperative complications, it is therefore
crucial to identify patients with diabetes prior to
cataract surgery so that they can benefit from
adequate therapeutic preventive measures. Fur-
ther studies are needed to elucidate the rela-
tionship between the ERG components and the
BCVA and the retinal thickness.
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