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ABSTRACT

Objective To investigate the change of chronic diabetic
macular oedema (DMO) in vitrectomised eyes when the
administration of sodium—glucose cotransporter 2 (SGLT2)
inhibitors is initiated as a systemic medical treatment.
Methods and analysis This study involved 10 eyes

of five patients with chronic DMO lasting more than 6
months who had previously undergone vitrectomy and
whose systemic medical treatments were newly changed
to SGLT2 inhibitors. In this study, chronic DMO was defined
as persistent diffuse macular oedema despite ophthalmic
treatment in patients with diabetes. Patients who received
antivascular endothelial growth factor therapy or steroids
administration, or change of eye-drop medication from

at 3months before and after the initiation of SGLT2
inhibitors, were excluded. In this study, visual acuity (VA)
and central retinal thickness (CRT, um) prior to and at 3, 6
and 12 months after the initiation of SGLT2 inhibitors were
retrospectively compared. The Wilcoxon signed-rank test
was used for statistical analysis.

Results In the 10 treated eyes, from at baseline to

at 3, 6 and 12 months after the initiation of SGLT2
inhibitor, median VA (logMAR) improved from 0.35t0 0.15
(p=0.038), 0.2 (p=0.157) and 0.2 (p=0.096), respectively,
and median CRT significantly reduced from 500.5 ym to
410 pum (p<0.01), 378 pm (p<0.01) and 339 ym (p<0.01),
respectively.

Conclusion Although this study involved only five
patients, our findings indicate that SGLT2 inhibitors might
have structural efficacy for chronic DMO in vitrectomised
eyes.

INTRODUCTION

Diabetic macular oedema (DMO) is a well-
known and devastating complication of
diabetes mellitus (DM) and is characterised
by thickening of the macula due to accumu-
lation of intraretinal and/or subretinal fluid
and exudates. DMO can seriously threaten a
patient’s vision, and it has been reported that
in developed countries, DMO is the primary
cause of blindness in the adult population.'
Since nearly all DMO cases involve patients

Key messages

What is already known about this subject?

» To date, and to the best of our knowledge, there have
been no published reports focused on the relation-
ship between diabetic macular oedema (DMO) and
sodium—glucose cotransporter 2 (SGLT2) inhibitors.

What are the new findings?

» We theorised that the administration of SGLT2 inhib-
itors has an effect as a systemic medical treatment
and also has an influence on DMO, and our findings
indicate that SGLT2 inhibitors might affect DMO.

How might these results change the focus of

research or clinical practice?

» A larger prospective study is needed to more clearly
elucidate the effect of the SGLT2 inhibitors on DMO.

who undergo systemic medical treatment for
DM, itis considered highly preferable in terms
of patient burden and medical economy if the
DM treatment can secondarily result in being
a successful treatment for DMO.
Sodium—glucose cotransporter 2 (SGLT2)
inhibitors have recently attracted attention
as a novel treatment for diabetes. Previous
studies reported the presence of SGLT in
cultured bovine retinal pericytes,”* and in
one of those studies, the SGLT was thought
to be SGLT2,” while in the other study, the
results of a laboratory experiment showed
that phlorizin, an SGLT inhibitor, attenu-
ated high glucose-induced morphological
and functional changes in cultured bovine
retinal pericytes.” It should be noted that
SGLT?2 inhibitors also have a diuretic effect,
and previous studies have reported that
diuretics can be used to improve DMO.” °
These findings suggest that the administra-
tion of drugs with a diuretic action can lead
to an alleviation of DMO. Thus, we theorised
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that the administration of SGLT?2 inhibitors has an effect
as a systemic medical treatment and also has an influence
on DMO by changing retinal pericytes and/or diuretic
action.

Currently, antivascular endothelial growth factor
(VEGF) therapy is regarded as the ‘cutting-edge’ treat-
ment for DMO. Since VEGF contributes to macular
thickening and the visual impairment associated with
DMO,’ it has been reported that anti-VEGF therapy is
effective for treating DMO.” * However, frequent intra-
vitreal injections are needed, and both economic and
invasive problems related to the treatment remain.
For DMO cases with vitreous haemorrhage and/or
vitreous traction, vitrectomy is known to be a surgical
option. However, if there is a recurrence of DMO after
vitrectomy, it is difficult to treat. Although additional
anti-VEGF therapy remains an option in such cases, the
clearance may be faster in vitrectomised eyes than in
non-vitrectomised eyes,'” and more frequent injections
are sometimes required in vitrectomised eyes. Hence,
patients sometimes request medical follow-up without
anti-VEGF therapy.

To date, and to the best of our knowledge, there have
been no published reports focused on the relationship
between DMO and SGLT?2 inhibitors. In this present
study, we report cases of chronic DMO that improved
merely by changing the systemic medical treatment to
SGLT?2 inhibitors, as well as the associated treatment
effects.

PATIENTS AND METHODS

This study involved 10 eyes of five patients with type 2
DM with chronic DMO lasting more than 6 months who
had previously undergone vitrectomy and whose systemic
medical treatments were newly changed to SGLT?2 inhibi-
tors at Kyoto Prefectural University of Medicine Hospital,
Kyoto, Japan, between April 2015 and October 2016.
In this study, chronic DMO was defined as persistent
diffuse macular oedema despite ophthalmic treatment
in patients with diabetes. Patients who received anti-
VEGF therapy or steroids administration, or a change of
eye-drop medication, from at 3months before and after
the initiation of SGLT2 inhibitors, were excluded from
the study. Patients who were undergoing dialysis were also
excluded. All patients had a history of bilateral vitrectomy
and panretinal photocoagulation, and more than 1year

had passed since the last vitrectomy was performed. We
selected the patients who requested medical follow-up
without anti-VEGF therapy. In this study, visual acuity
(VA) and central retinal thickness (CRT, pm) measured
by Topcon 3D OCT viewer (3D OCT-2000 or DCI OCT
Triton; Topcon, Tokyo, Japan) at baseline and at 3, 6 and
12months after the initiation of SGLT?2 inhibitors were
retrospectively analysed. In addition, VA and CRT at base-
line and at 3 and 6 months before the initiation of SGLT2
inhibitors were evaluated.

In this study, the systemic medical treatment of the
patients with SGLT2 inhibitors was performed by diabetes
specialists. Moreover, blood-test findings obtained during
the study period were retrospectively analysed.

IBM SPSS Statistics V.24 software and the Wilcoxon
signed-rank test were used for statistical analyses. A p value
of <0.05 was considered statistically significant. Descrip-
tive analysis of data was carried out using medians, 25%
quantile (Q1) and 75% quantile (Q3), as appropriate.

RESULTS

Patient backgrounds and blood-test findings at baseline
of the five patients (n=10 eyes) with chronic bilateral
DMO are summarised in table 1. Most cases had under-
gone vitrectomy before anti-VEGF treatment for DMO
was approved in Japan. Although only one eye received
one anti-VEGF treatment before vitrectomy, no effect was
observed and the patient opted to discontinue the anti-
VEGEF treatment.

As a systemic medical treatment, the administration
of dapagliflozin was newly initiated in four cases and
luseogliflozin was newly initiated in one case. The doses
used were bmg for dapagliflozin and 2.5mg for luseogli-
flozin.

In 9 of the 10 eyes (90%), the difference of VA between
that at baseline and at 12months after the initiation of
SGLT?2 inhibitor was within 0.1 logMAR. In 1 of the 10
eyes (10%), VA improved by 0.3 logMAR during the
follow-up period. From at baseline to at 3, 6 and 12 months
after the initiation of SGLT2 inhibitor, median VA
(logMAR) improved from 0.35 (Q1: 0.1, Q3: 0.5) to 0.15
(Q1: 0, Q3: 0.4, p=0.038), 0.2 (Ql: 0, Q3: 0.5, p=0.157)
and 0.2 (Q1: 0, Q3: 0.5, p=0.096), respectively. In 9 of the
10 eyes (90%), CRT reduced more than 10%, yet in 1
of the 10 eyes (10%), the change was within 10%. From
at baseline to at 3, 6 and 12months after the initiation

Table 1 Patient backgrounds and blood-test findings at baseline
Age Diabetes duration Body Mass Insulin Systemic eGFR
Case (years) Sex (years) Index use hypertension Dyslipidaemia HbA1c (%) (mL/min/1.73m2)
1 60 M 16 28.0 + + - 6.8 65.9
2 44 M 30 29.1 + - - 9.8 54
3 65 M 8 21.4 - - - 6.6 89.3
4 67 M 10-15 25.5 + + + 8.1 51.3
) 69 F 5 25.2 - - 6.4 90.8

eGFR, estimated glomerular filtration rate; F, female; HbA1c, glycated haemoglobin; M, male.
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Changes of visual acuity (VA) at baseline, at 3 and 6 months before, and at 3, 6 and 12 months after the initiation of

the administration of sodium-glucose cotransporter 2 inhibitor. The vertical-column boxes indicate values between the 25th
and 75th percentiles (central line, median). Median VA (logMAR) significantly improved from 0.35 at baseline to 0.15 at 3 months
after the initiation of the treatment (p=0.038), and median VA improved from that at baseline to 0.2 at 6 months and 0.2 at

12 months after the initiation of the treatment (p=0.157 and p=0.096, respectively) (Wilcoxon signed-rank test).

of SGLT?2 inhibitor, median CRT significantly reduced
from 500.5pm (Q1: 390, Q3: 542) to 410pm (Q1: 368,
Q3: 431, p<0.01), 378 pm (Q1: 350, Q3: 416, p<0.01) and
339pm (Q1: 293, Q3: 356, p<0.01), respectively.

Compared with at baseline, at 6 and 3 months before the
initiation of SGLT2 inhibitor, the median VA was 0.15
(Q1: 0.1, Q3: 0.5, p=0.439) and 0.25 (Q1: 0, Q3: 0.5,
p=0.438), respectively, and no significant changes were
observed, and the median CRT was 457.5pm (Q1: 362,
Q3: 479, p=0.308) and 443.5pm (Ql: 386, Q3: 542,
p=0.959), respectively, and no significant changes were
observed. Prior to the initiation of SGLT?2 inhibitor, there
were no natural improvement tendencies of VA and CRT.
The specific changes of VA and CRT are respectively
shown in figures 1 and 2.

We also analysed median CRT of the right eyes and
left eyes at baseline and 12months after the initiation
of SGLT?2 inhibitor in order to ascertain whether similar
results could be obtained by the analysis of each unilateral
eye, and the results are shown in online supplementary
table 1.

The representative cases are shown in figure 3. Chronic
DMO had already attenuated at 3 months after the initia-
tion of treatment and continued to improve throughout
the 12-month follow-up period. The treatment was found
to be effective, and there was no recurrence of DMO.

At the initiation of the SGLT2-inhibitor treatment, the
blood glucose level in each patient was adjusted via insulin
or sulfonylurea-agent reduction by diabetes specialists.

No complications were observed, and there was no
discontinuation of treatment in all cases throughout
the treatment course. The specific changes of glycated
haemoglobin and estimated glomerular filtration rate
in the blood test are shown in figure 4. Although some
patients had hypertension and dyslipidaemia in addition
to DM, they had already received treatment and those
disorders were well controlled at baseline, and there were
no changes or addition of systemic treatment for hyper-
tension and dyslipidaemia throughout the follow-up
period.

DISCUSSION

To the best of our knowledge, this present study is the first
to report cases in which chronic DMO improved after the
initiation of the administration of SGLT?2 inhibitors. Our
findings confirmed that CRT continued to significantly
reduce during the post-treatment follow-up periods;
however, no significant change of VA was observed.

The findings in a previous study by Mitchell et al, which
investigated ranibizumab monotherapy or combined
with laser versus laser monotherapy for the treatment of
patients with visual impairment due to DMO, showed the
mean CRT change from baseline to 12 months after treat-
ment decreased by 61.3pm in the laser monotherapy
group.'' Korobelnik et al, who investigated intravitreal
aflibercept monotherapy versus laser for the treatment
of DMO, reported that the mean CRT change from base-
line to 12months in the laser-treated group decreased by
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Figure 2 Changes of central retinal thickness (CRT, pm) at baseline, at 3 and 6 months before, and at 3, 6 and 12months
after the initiation of the administration of sodium—glucose cotransporter 2 inhibitor. The vertical-column boxes indicate values
between the 25th and 75th percentiles (central line, median). The circles denote outliers. Median CRT significantly reduced
from 500.5 pym at baseline to 410um at 3 months, 378 um at 6 months and 339 um at 12 months after the initiation of the
treatment (p<0.01, respectively) (Wilcoxon signed-rank test).

73.3pm (VISTA study) and 66.2pm (VIVID study).” In between our findings and those of the previous studies
this study, the median CRT decreased by 161.5 pm; from could not be made, it is possible that the CRT in our cases
500.5pm at baseline to 339 pm at 12months after the initi-  reduced due to the initiation of SGLT2 inhibitor. More-
ation of SGLT?2 inhibitor. Although a simple comparison over, although significant reduction of CRT was observed,

Pre 6-months Baseline Post 3-months Post 6-months Post 12-months

Figure 3 Optical coherence tomography images showing the chronological change of representative cases from at 6 months
before to 12 months after the initiation of the administration of sodium-glucose cotransporter 2 inhibitor. (A) The right eye of
case 1, (B) the left eye of case 4 and (C) the right eye of case 5.
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Figure 4 Changes of (A) glycated haemoglobin (HbA1c) and (B) estimated glomerular filtration rate (¢GFR) in the blood test
at baseline and at 3, 6 and 12 months after the initiation of the administration of sodium—glucose cotransporter 2 inhibitor as a

systemic medical treatment.

there was no significant change of VA. It should be noted
that the optic cells were possibly already damaged due
to the fact that the DMO in our cases was chronic. We
theorise that the reason for the decrease in CRT was
possibly due to the inherent effect of SGLT2 inhibitor
and/or a diuretic effect. Previous studies have reported
that SGLT2 exists in cultured bovine retinal pericytes
and that the cellular tone of bovine retinal pericytes was
regulated by extracellular glucose concentration, and
that this regulation depended on Na' ion entry through
SGLT2."" To date, no studies have reported evidence
showing that SGLT2 naturally exists in the human retina.
However, we theorised that SGLT2 is possibly present in
human, as well as in bovine, retinal pericytes, and that
the administration of SGLT2 inhibitor may change the
retinal microvascular circulation, thus having an effect
on DMO. With that said, it is important to consider that
diuretic action may have had a positive effect. In this
study, since all treated eyes had previously undergone
vitrectomy, there was no traction to fovea and diuretic
action might work better.

Zinman et al reported that empagliflozin, one of the
SGLT2 inhibitors, reduced the risk of major adverse
cardiovascular events in patients with type 2 diabetes at
high risk for cardiovascular events,12 and in a report by
Kimura, it was theorised that this cardioprotective action
is related to diuretic action."”” In addition, Wanner et al
reported that empagliflozin is associated with slower
progression of kidney disease and lower rates of clinically
relevant renal events than the placebo when added to
standard medical care."* Similar to the heart and kidney
findings in that study, the suppression of diabetic retinop-
athy might also occur when SGLI?2 inhibitors are added
to the standard medical care.

In this present study, the systemic effects of SGLI2
inhibitors were assessed by blood tests. Some changes
were observed during the follow-up period; however,
all cases underwent a long-term treatment course and
it was doubtful if such an insignificant change affected
the chronic DMO. Itis thought that SGLT2 inhibitor may

have some effect on DMO, beyond its effect on glycaemic
control or renal function.

It should be noted that this current study did have
some limitations, that is, the small number of cases, and
the fact that it was not a control study. Since all cases in
this study were non-vitreous and after panretinal photo-
coagulation, it remains unknown as to whether or not
our findings apply to all DMO cases. As shown in online
supplementary file, even in the analysis of one eye, we
obtained similar results; however, the potential effect of
the inter-eye correlation could not be eliminated. Thus,
a future prospective study involving a larger number of
cases is needed to more clearly elucidate the effect of the
SGLT2 inhibitors on DMO.

In conclusion, the findings in this study show that in
cases of chronic DMO, continuous treatment is neces-
sary, and that SGLT2 inhibitors might have an effect on
DMO.
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