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Risk factors for ocular hypertension
after intravitreal dexamethasone
implantation in diabetic macular
edema

Moon Young Choi* & Jin-woo Kwon*2*

We designed a retrospective observational study to identify factors associated with ocular
hypertension [OHTN, defined as intraocular pressure (IOP) > 25 mmHg] after intravitreal
dexamethasone (IVD) implantation in diabetic macular edema (DME) patients. We measured IOP
monthly after placement of an IVD implant, and identified the trend of IOP, incidence of OHTN,

and its associated systemic or ocular factors. On average, IOP was highest at 2 months after IVD
implantation. Of 84 DME patients who received an IVD implant, 3 (3.57%) presented with an

IOP 225 mmHg at 1 month after implantation, 6 (7.14%) at 2 months, and 2 (2.38%) at 3 months.
Compared with the non-OHTN group, the OHTN group had significantly shorter axial lengths and
were younger. Logistic regression analysis revealed that axial length <23.00 mm and age <57 years
were associated with OHTN occurrence. Patients whose IOP was elevated >30% or =20 mmHg at

1 month post-implantation, subsequently developed OHTN with statistical significance. In conclusion,
shorter axial length and younger age were associated with OHTN occurrence after IVD implantation.
Additionally, identifying levels or trends in IOP at 1 month after the IVD procedure may be helpful in
predicting subsequent OHTN occurrence.

Diabetic macular edema (DME) is one of the main causes of visual impairment in diabetes patients". Although
the exact mechanism has yet to be determined, one of the early signs of DME pathogenesis is damage to the
blood-retina barrier, which occurs in association with metabolic changes, ischemia, and inflammation®*.

Based on fundamental studies on vascular endothelial growth factor (VEGF) and randomized controlled
trials of anti-VEGF agents, intravitreal injection of anti-VEGF agents has become the main treatment option
for DME®-®. Recently, micronized dexamethasone in a biodegradable copolymer has been introduced as another
treatment option for refractory or chronic DME’!!. Intravitreal dexamethasone (IVD) implantation makes
it easier to control inflammation, which plays an important role in DME pathogenesis'?. Several studies have
reported that IVD implantation is effective for restoring macular structure, thus contributing to improved visual
function in DME patients!'*!*, However, IVD implantation has potential complications, such as cataract for-
mation and ocular hypertension (OHTN)'*!°. Diabetes patients are more susceptible to glaucoma as a result of
elevated intraocular pressure (IOP)'¢"7. Additionally, recent studies have reported that even eyes with no apparent
diabetic retinopathy may develop glaucoma-related changes, including thinning of the retinal nerve fiber layer
or macula ganglion cell-inner plexiform layer'®!°. Thus, appropriate management and interventions are needed
to prevent irreversible visual impairment in OHTN cases.

Although some studies have reported the prevalence of OHTN after IVD, few have examined the risk factors
or precise time of occurrence of OHTN?*?!. Thus, we examined DME patients on a monthly basis after IVD
implantation to identify the risk factors for OHTN and the incidence thereof.
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Figure 1. Changes in average intraocular pressure (IOP) after the intravitreal dexamethasone implant
procedure. The IOP was measured at baseline, and at 1, 2, and 3 months after the procedure. The highest average
IOP occurred at 2 months after the procedure but had decreased by the 3-month check-up.

Results

The average age of the 84 enrolled patients was 57.63 +7.81 years. There were 35 males and 49 females. The average
duration of diabetes was 9.70 + 6.96 years. The baseline central subfield thickness (CST) was 494.19 + 129.33 um,
and the thinnest CST after dexamethasone implantation was 275.12+47.04 um. The average interval between
treatment and DME recurrence was 3.93 +0.90 months. Of the 84 DME patients who received an IVD implant,
11 (13.10%) developed OHTN (IOP =25 mmHg), and 9 (10.71%) showed IOP increase > 10 mmHg compared
with baseline IOP within 3 months after the procedure. Postoperatively, OHTN occurred in three patients (3.57%)
at 1 montbh, in six (7.14%) at 2 months, and in two (2.38%) at 3 months. After excluding patients who had been
diagnosed with OHTN at a previous visit, average IOPs were 14.67 +2.78 mmHg at baseline, 16.79 + 3.54 mmHg
at 1 month, 17.42 +3.81 mmHg at 2 months, and 15.48 +3.39 mmHg at 3 months after the IVD procedure. The
maximum value of IOP was measured at 2 months after implant, and the mean value of IOP increments was
2.77 £3.85 mmHg compared with baseline IOP (Fig. 1).

The OHTN group had shorter axial lengths and were younger compared with the non- OHTN group
(p=0,012 and p=0.004, respectively). However, other factors, including baseline IOP (non-OHTN group:
14.52 +£2.80 mmHg, OHTN group: 15.64 +2.54, p=0.216), a previous history of vitrectomy and lens status, did
not differ between the two groups. Additionally, in terms of responsiveness, the CST reduction, thinnest CST
during follow-up, and action duration of dexamethasone showed no significant differences between the two
groups (Table 1).

There were thirteen patients who had a history of vitrectomy. Between vitrectomized eyes and non-vitrec-
tomized eyes, there was no significant difference in the IOP increases after IVD implantation (vitrectomized
eyes: 3.15+2.58 mmHg vs. non-vitrectomized eyes: 4.30 + 3.65, p=0.280). Not only the changes of IOP, but also
the effects of dexamethasone implants were not different between them. The thinnest CST after IVD implan-
tation (vitrectomized eyes: 267.23 +36.95 pm vs. non-vitrectomized eyes: 276.56 +48.75 um, p=0.578) and
action duration of dexamethasone implant (vitrectomized eyes: 3.77 + 0.60 months vs. non-vitrectomized eyes:
3.96 +0.95 months, p = 0.689) were not significantly different.

In the logistic regression analysis to identify factors associated with OHTN development after IVD implan-
tation, axial length < 23.00 mm?>* and age <57 years (the median value of age in enrolled DME patients) were
statistically significant (OR: 4.17, p=0.042; and OR: 4.65, p =0.038, respectively; Table 2).

After excluding three patients who had OHTN at 1 month after IVD, of nine patients exhibiting an IOP
increase of over 30% at 1 month after the procedure, five (55.56%) subsequently developed OHTN (OR: 28.75,
p<0.0.01). Of 15 patients with an IOP >20 mmHg at 1 month after IVD implantation, six (40.00%) subsequently
developed OHTN (OR: 21.33, p<0.001).

Discussion

In this retrospective study, which was performed to identify the risk factors for OHTN after IVD implantation,
we found that younger age and shorter axial length were associated with OHTN occurrence. The IOP at 1 month
after IVD implantation may be a significant predictor of subsequent OHTN development.

The mechanism of steroid-induced glaucoma (SIG) is to increase aqueous outflow resistance. Steroids can
affect the microstructure of the trabecular meshwork (TM) by increasing the deposition of substances in the
TM and decreasing the breakdown of substances through inhibition of endothelial cell phagocytosis**-*¢. The
risk factors for SIG may differ depending on the administration route and steroid formulation?’. The risk factors
for SIG when using topical steroid eye-drops include pre-existing primary open-angle glaucoma, glaucoma sus-
pect, young or old age, type I diabetes, and high myopia®”**. Intravitreal triamcinolone acetonide has additional
risk factors, including pseudophakic eyes and previously vitrectomized eyes”. Recently, the SAFODEX study,
which determined the incidence of OHTN after IVD implantation, also reported age under 60 years, male sex,
preexisting glaucoma, and myopia with an axial length over 25 mm to be risk factors for the disease; however,
previous vitrectomy and lens status were not associated with OHTN?!. Another recent study reported that OHTN
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Non- OHTN group (n=73) | OHTN group (n=11) | P-value
Systemic factors
Sex (male:female) 29:44 6:5 0.548
Age (years) 58.58+7.12 51.36+9.57 0.004
Duration of diabetes (years) 10.00 [3.00;13.00] 8.00 [5.50;12.00] 0.963
HbAlc (%) 7.20 [6.40;7.70] 7.50 [6.70;7.50] 0.715
Ocular factors
Baseline IOP (mmHg) 14.52+£2.80 15.64+2.54 0.216
Maximum IOP increase (mmHg) 3.0 [2.055.0] 11.0 [8.5;13.0] <0.001
Axial length (mm) 23.33 [22.94;23.71] 22.87 [22.56;23.02] 0.012
Pseudophakic eyes 26 (35.62%) 2 (18.18%) 0.423
Vitrectomized eyes 11 (15.07%) 2 (18.18%) 1.000
Moderate NPDR | 9 (12.33%) 1 (9.09%)
DMR stage Severe NPDR 11 (15.07%) 1 (9.09%) 0.805
PDR 53 (72.60%) 9 (81.82%)
OCT findings
Baseline CST (um) 470.00 [381.00;591.00] 434.00 [375.50;623.00] | 0.730
Thinnest CST after implantation 273.00 [242.00;290.00] 263.00 [233.00;283.50] | 0.490
Maximum CST reduction 211.00 [100.00;321.00] 165.00 [119.50;276.50] | 0.811
DME recurrence interval (months) 4.00 [3.00;4.00] 4.00 [3.00;4.50] 0.714

Table 1. Demographic and clinical characteristics of DME patients diagnosed with OHTN after IVD
implantation. Values are expressed as mean + SD or median and interquartile range, as appropriate. DME
diabetic macular edema, OHTN ocular hypertension, IVD intravitreal dexamethasone, HbAIc glycated
hemoglobin, IOP intraocular pressure, DMR DM retinopathy, NPDR non-proliferative diabetic retinopathy,
PDR proliferative diabetic retinopathy, CST central subfield thickness.

Univariate Multivariate
Category | N (%) OR (95%CI) P OR (95%CI) P
s Female 49 (58.33%) | Reference
ex
Male 35(41.67%) | 1.82(0.50, 6.85) 0.357
>57 50 (59.52%) | Reference Reference
Age (years)
<57 34 (40.48%) |4.82(1.27,23.48) |0.029 |4.65(1.18,23.37) |0.038
NPDR 22 (26.19%) | Reference
DMR stage
PDR 62 (73.81%) | 1.70(0.39,11.77) | 0.521
<10 42 (50.00%) | Reference
Duration of diabetes (years)
>10 42 (50.00%) | 0.81(0.22,2.92) |0.747
<15 32(38.10%) | Reference
Baseline IOP (mmHg)
>15 52(61.90%) | 1.42(0.38,5.15) 0.591
>23.00 56 (66.67%) | Reference Reference
Axial length (mm)
<23.00 28(33.33%) 4.33(1.18,18.03) | 0.031 |4.17(1.09, 18.10) | 0.042
Yes 13 (15.48%) | Reference
Vitrectomized eye
No 71 (84.52%) | 1.25(0.18,5.74) 0.791
Yes 28 (33.33%) | Reference
Pseudophakic eye
No 56 (66.67%) | 0.40 (0.05, 1.71) 0.266
<400 27 (32.14%) | Reference
Baseline CST (um)
> 400 57 (67.86%) | 0.81(0.22,2.92) | 0.748

Table 2. Logistic regression analysis of the factors associated with OHTN after IVD implantation in DME
patients. OHTN ocular hypertension, IVD intravitreal dexamethasone, DME diabetic macular edema, OR odds
ratio, CI confidence interval, DMR DM retinopathy, IOP intraocular pressure, CST central subfield thickness.

after IVD implantation was associated with the position of the implant in the pars plana region®. Additionally,
SAFODEX study revealed that repeated IVD resulted in more OHTN?!. However, another study reported that

multiple IVD did not increase the frequency of IOP spikes beyond 30 mmHg?!.

While a previous study reported high myopia to be a risk factor for OHTN after IVD implantation®!, we found
that a short axial length may represent an additional risk factor for OHTN. The incidence of myopia in the elderly
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is low in Korea and axial myopia protects against diabetic retinopathy; accordingly, all of the patients in our study
had an axial length of less than 25 mm?>%. A short axial length is a risk factor for angle-closure glaucoma®**>.
Although we did not suggest this in the Results section, the average increase in IOP was significantly greater
in phakic eyes than in pseudophakic eyes (4.57 +4.31 vs. 2.71 + 1.51 mmHg, p=0.023). Taken together, these
results imply that cataracts in diabetic patients may play a role in increased IOP, especially in those with short
axial length, via the same mechanism through which angle-closure glaucoma occurs®. Further investigations
are required to determine whether change of lens extenuates increased IOP after IVD implantation in patients
with relatively short axial length.

In our study, although the average IOP value was obtained after excluding patients with OHTN at previous
visits, IOP levels were higher than reported in other studies, as was OHTN prevalence. A recent study reported an
average IOP at baseline of 13.45 mmHg, which increased to 16.85 mmHg at 2 months after IVD implantation; in
addition, the prevalence of OHTN was 10.6%%". The SAFODEX study reported a prevalence of IOP > 25 mmHg
after the first IVD implantation of 11.4%>!. We infer that differences among patient populations, including in
terms of the proportion with relatively short axial lengths or relatively high baseline IOPs, could affect the results
regarding IOP and OHTN prevalence.

To date, most studies have focused on IOP changes or OHTN prevalence after IVD implantation; however,
the relationship between IOP trends and subsequent OHTN occurrence has not been evaluated'>***'. OQur
study showed that IOP level or a change in IOP from the previous visit may be a significant factor for predicting
subsequent OHTN. Based on our results, patients whose IOP increases >30% or who have an IOP =20 mmHg
at the 1-month visit after IVD implantation may be at significant risk of developing OHTN. Thus, checking IOP
at 1 month after IVD implantation is important in the management of IVD patients.

In our study, thirteen patients had a history of vitrectomy. All of these patients had taken vitrectomy due to
complications of diabetic retinopathy; ten for vitreous hemorrhage, and 3 for tractional membrane inducing
visual disturbance. Between vitrectomized eyes and non-vitrectomized eyes, there were no significant differences
in the maximum IOP increases or the thinnest CST after IVD implantation, and action duration of dexametha-
sone implant.

This study had several limitations. First, the sample size was relatively small; moreover, we did not analyze
optical coherence tomography angiography findings or aqueous biomarkers. In addition, additional IVD injec-
tion was performed in patients who showed recurrence of center-involved DME, and the follow-up period was
relatively short for evaluating long-term trends in IOP. To identify the effect of a short axial length on IOP, meas-
urement of anterior chamber depth and gonioscopy or anterior segment OCT examinations should have been
performed pre- and postoperatively. We are planning a follow-up prospective study to address these limitations.

In conclusion, age < 57 years and axial length <23.00 mm were associated with the occurrence of OHTN after
IVD implantation. Additionally, measuring IOP at 1 month after IVD implantation may be helpful for predicting
subsequent OHTN development.

Methods

The study protocol adhered to the tenets of the Declaration of Helsinki, and was approved by the Institutional
Review Board and Ethics Committee of the Catholic University of Korea (protocol number: VC19RASI0280).
The requirement for informed consent was waived because this study involved a review of patient records.

Study population. We enrolled DME patients with a CST >300 um who presented to our center between
2016 and 2019 and received their first IVD implant. All of the participants were at least 20 years of age and had
type II diabetes. We excluded patients diagnosed with uveitis, glaucoma, glaucoma suspect, retinal degeneration,
or macular edema attributable to other causes.

Study design. In addition to measurement of glycated hemoglobin levels, all patients underwent full oph-
thalmic examinations, including measurement of best-corrected visual acuity (BCVA) and IOP, as well as a
dilated fundus examination. Macular thickness was measured by OCT (Cirrus High-Definition OCT; Carl Zeiss
Meditec, Dublin, CA, USA). Ozurdex dexamethasone implants (Allergan, Irvine, CA, USA) were used in all
patients, who were monitored at monthly intervals. We performed a dilated-fundus examination and evaluated
the BCVA and CST at each visit up to 6 months after IVD implantation. For there are some patients who need
additional treatments after 3 months after IVD implantation, we analyzed all parameters until center-involved
DME recurrence (CST >300 um). Any adverse events were also recorded at each visit.

IOP measurements. All patients underwent IOP measurement at baseline and at every month after IVD
implantation. The IOP was checked using Goldmann applanation tonometer. We measured IOP up to 6 months
after IVD implantation, and OHTN was defined as IOP of at least 25 mmHg'>"".

Statistical analyses. All statistical analyses were performed using SPSS statistical software for Windows
(version 21.0; IBM Corp., Armonk, NY, USA). The Mann-Whitney U-test or t-test was used to compare the
OHTN group with the non-OHTN group. The chi-squared test or Fisher’s exact test was applied to compare
parameters. Factors associated with OHTN occurrence were identified using logistic regression analysis. The
level of statistical significance was set at p <0.05 in all analyses.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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