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ABSTRACT

Background Diabetic macular oedema (DME) is associated
with significant loss of visual acuity. Intravitreal VEGF inhibitor
injection is the gold standard in treating this disease; second-
line treatment consists of intravitreal steroid injections. This
treatment has already undergone extensive investigation in
large randomised controlled trials. The aim of this study is to
evaluate patient population and treatment options in a real-
world setting.

Material and Methods A retrospective analysis was con-
ducted on data from 176 eyes in 114 patients diagnosed with
diabetic macular oedema who had received at least one intra-
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vitreal injection during 2018 at Marburg University Hospital
Department of Ophthalmology. The analysis examined demo-
graphic characteristics, prior treatment, and treatments per-
formed as well as visual acuity and central retinal thickness
development during therapy. Multiple linear regression analy-
ses were used to investigate the influence of different vari-
ables on changes in dependent variables in visual acuity (log-
MAR), changes in retinal thickness (um), and number of injec-
tions, while also taking interactions between the independent
variables themselves into account.

Results Patients were on average 64.45+13.79 years old
and predominantly male (61.93%). Most (71.59%) had al-
ready been treated for DME. Baseline visual acuity averaged
0.421ogMAR + 0.34; baseline central retinal thickness aver-
aged 369.1 um = 118.81. A total of 688 intravitreal injections
were administered at 3.91 + 2.22 per eye during the study pe-
riod. Visual acuity improved by 0.04logMAR £ 0.18 on aver-
age; eyes with poorer baseline visual acuity showed a greater
increase in visual acuity. CRT values decreased by 44.54 ym
133.95 on average. Eyes with higher baseline values showed
greater reduction. Using regression analysis, this is the first
study to demonstrate that eyes may continue to require addi-
tional injections after prior treatment.

Conclusion This study demonstrated the reality of treatment
for patients with diabetic macular oedema at a German uni-
versity clinic as accurately as possible. We were able to dem-
onstrate the differences from RCTs and the characteristics of
the patient cohort.

ZUSAMMENFASSUNG

Hintergrund Das diabetische Makulabdem (DMO) ist mit
einem relevanten Visusverlust assoziiert. Den aktuellen Gold-
standard zur Behandlung dieser Erkrankung stellen intra-
vitreale Injektionen mit einem VEGF-Inhibitor dar, die Zweit-
linientherapie eine Behandlung mit intravitrealen Steroiden.
Diese Therapie wurde in groRen randomisierten Studien be-
reits umfangreich untersucht. In dieser Arbeit sollen die Pa-
tientinnen und Patienten sowie die Therapiemdglichkeiten in
einem Real-World-Setting evaluiert werden.

Material und Methoden Es wurden Daten von 176 Augen
von 114 Patienten der Augenklinik des Universitatsklinikums
Marburg, die im Jahr 2018 mindestens eine intravitreale Injek-
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tion bei der Diagnose DMO erhalten haben, retrospektiv aus-
gewertet. Untersucht wurden dabei demografische Charakte-
ristika, Vorbehandlung, durchgefiihrte Therapien sowie die
Entwicklung des Visus und die der zentralen Netzhautdicke.
Mithilfe multipler linearer Regressionsanalysen wurde der Ein-
fluss der verschiedenen Variablen auf die abhdngigen Varia-
blen Visusinderung (logMAR), Netzhautdickendnderung
(um) sowie Injektionsanzahl untersucht. Dabei wurden eben-
so die Einfllsse der Variablen untereinander berticksichtigt.

Ergebnisse Patienten waren durchschnittlich 64,45+ 13,79
Jahre alt und tberwiegend mannlich (61,93 %). Mit 71,59%
war ein GroRteil bereits bez. des DMOs vorbehandelt. Der
Ausgangsvisus lag bei durchschnittlich 0,42 logMAR £ 0,34,
der Ausgangswert der zentralen Netzhautdicke bei 369,1 pm
118,81. Im beobachteten Zeitraum wurden insgesamt 688 in-

travitreale Injektionen verabreicht, pro Auge durchschnittlich
3,91£2,22. Es zeigte sich eine durchschnittliche Visusver-
besserung um 0,04 logMAR £ 0,18, wobei Augen mit einem
schlechteren Ausgangsvisus eine starkere Visuszunahme ver-
zeichneten. Beziiglich des CRT-Wertes kam es zu einer durch-
schnittlichen Reduktion um 44,54 ym +133,95. Augen mit
einem hoheren Ausgangswert zeigten eine starkere Reduk-
tion. In den Regressionsanalysen konnte auerdem erstmalig
gezeigt werden, dass bereits vorbehandelte Augen weiterhin
vermehrt Injektionen bend&tigen kénnten.

Fazit In dieser Arbeit konnte die Behandlungsrealitdt des
DMOs in einem deutschen Universititsklinikum detailliert
dargestellt werden. Es konnte aufgezeigt werden, welche Un-
terschiede zu RCTs existieren und was das Patientenkollektiv
charakterisiert.

Introduction

Diabetic retinopathy (DR) is one of the leading causes of blindness
amongst working-age adults across the world [1], whereby dia-
betic macular oedema (DME) is the main cause of visual loss in
DR [2]. DME involves increased blood sugar levels leading to
changes in retinal small blood vessels; this may lead to increased
vascular permeability compromising the blood-retinal barrier,
causing extracellular fluid and proteins to leak into the macula,
potentially leading to macular swelling [3, 4]. This process involves
vascular endothelial growth factors (VEGFs), cytokines, and in-
flammatory reactions [5, 6].

Diabetes prevalence is expected to increase across the world
[7]. The prevalence of DME is also expected to increase, emphasis-
ing the importance of adequate ophthalmological treatment for
this disease.

Various studies have shown VEGF to play a major pathophysio-
logical role in increasing vascular permeability in retinal vessels.
This may lead to the DME development. VEGF concentrations in
diabetic eyes correlate significantly with oedema severity [5,6,
8-10]. These observations have made a substantial contribution
to the increasing importance of intravitreal VEGF inhibitors in
DME treatment. The substances used in the clinical setting at the
time of the study were ranibizumab (Lucentis, Novartis, Basel,
Switzerland), aflibercept (Eylea, Bayer, Leverkusen, Germany) and
bevacizumab (Avastin, Roche, Basel, Switzerland) [11]. Intravitreal
steroids are administered as second-line treatment in the form of
a long-term injectable remaining in the bulbus [12]. The sub-
stances used are dexamethasone (Ozurdex, Abbvie, Ludwigs-
hafen, Germany) and fluocinolone acetonide (lluvien, Alimera
Sciences Europe Limited, Dublin, Ireland). Triamcinolone may also
be administered as an off-label medication [12-15].

Numerous large randomised controlled trials (RCTs) have al-
ready studied the effectiveness of intravitreal operative medica-
tion or IVOM therapy. Most patients show significant improve-
ment in visual acuity and a significant decrease in central retinal
thickness (CRT) [16-20]. In addition, the superiority of IVOM ther-
apy using VEGF inhibitors in DME treatment has been demonstrat-
ed compared to focal laser therapy alone [16-18].

However, these RCTs can only be applied to an everyday clinical
setting to a limited extent for a variety of reasons. One of these
reasons lies in the patient cohorts in the RCTs: Many of these RCTs
on DME treatment include very tight exclusion criteria such as
pre-existing conditions, HbA1c values, and baseline visual acuity
values. Applying the results from these RCTs to an everyday clini-
cal setting is therefore problematic, as these usually involve physi-
cians treating a far more heterogeneous patient cohort [12,16-
21].

Real-world studies (RWSs) on DME treatment have also shown
significant improvements in visual acuity using intravitreal VEGF
inhibitors. However, these changes are less pronounced than
those found in RCTs. Real-world settings have also shown lower in-
jection numbers compared to RCTs [22-25].

This demonstrates that results from IVOM therapy in patients
with DME in everyday clinical practice differ from those in approv-
al studies. One explanation could be the more heterogeneous pa-
tient pool, such as patients with previous ocular diseases, poorly
controlled diabetes, or more diverse visual acuity values. In addi-
tion, the lower number of injections indicates looser compliance
with treatment plans.

However, these RWSs also only reflect clinical reality to a lim-
ited extent. Some of these studies also imposed strict inclusion
criteria. For example, two only included patients without prior
DME treatment [26,27] and two excluded patients who had pre-
viously been administered VEGF inhibitors [23,28]. This does not
match the reality of everyday clinical settings with many patients
treated after several prior DME treatments. Additionally, none of
the above RWS covered all three VEGF inhibitors to treat DME, in-
stead limiting treatment to one or two of the three substances
used in a clinical setting at the time [22-25]. RWSs treating DME
with dexamethasone implants paint the same picture [13,29].

To our knowledge, there is a lack of generalisable data realisti-
cally reflecting clinical practice in DME treatment, so this study
retrospectively analysed patients with DME requiring treatment
within one calendar year at a university hospital. The aim was to
reflect the reality of this patient cohort and the clinical treatment
administered to these patients at a university hospital as authen-
tically as possible.
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Type of prior treatment

PPV, 15
(11.90%)

Only IVOMs, 70

(55.56%)

FLP, 41
(32.54%)

Aflibercept
5 (7.14%)

Ranibizumab _
3 (4.29%)

Other, 39
(55.71%)

Bevacizumab
23 (32.86%)

» Fig. 1 Types of prior treatment in all previously treated eyes (n = 126). The circle on the right shows the exact medications received by eyes given
IVOM therapy only. Diagrammbeschriftung [diagram label]: Type of prior treatment, absolute number (percentage).

Methods

We performed a retrospective analysis on 176 eyes in 114 patients
having undergone at least one IVOM therapy after being diag-
nosed with diabetic macular oedema at Marburg University Hos-
pital in 2018. Eyes with improvement or deterioration in visual
acuity due to eye surgery performed independently of DME as
well as eyes that suffered vitreous haemorrhage during the study
period were excluded from the analysis. There were no specific in-
clusion or exclusion criteria beyond that.

We collected patient data for statistical analysis comprising
gender (female/male), age (years), current HbA1c value (%), prior
treatment (none, intravitreal injections, laser, pars plana vitrec-
tomy), intravitreal injections performed during the study period
with date and preparation, and any focal laser treatments and
operations performed. We also recorded respective visual acuity
(logMAR) and CRT values (um) before and after treatment. Analy-
sis on time intervals between two VEGF inhibitor injections only
included eyes that had solely been administered VEGF inhibitor in-
jections.

The eyes were classified into two groups before beginning
injections - those with good baseline visual acuity and those
with poor baseline visual acuity - to aid statistical analysis be-
tween these two groups. The median baseline visual acuity value
amongst the eyes evaluated was used for reference to ensure that
the two groups were as close to equal in size as possible. This me-
dian value was calculated at 0.3 logMAR. Eyes were grouped in the
same way for baseline CRT values. The median value was also used
as a guide for CRT values and was calculated at 333 uym. The
Mann-Whitney U-test in the absence of a normal distribution and
independent samples was performed to calculate significance in
the group comparison; we used SPSS for the purpose. The Krus-
kal-Wallis test was performed for comparing several groups.

We investigated the influence of the different variables on vi-
sual acuity change (logMAR), retinal thickness change (um), and

number of injections as dependent variables using multiple linear
regression analysis. This also took mutual influences of variables
on each other into account.

Results

A total of 176 eyes in 114 patients were included in the study. Of
the 114 patients, 71 were male (109 eyes; 61.93%) and 43 were
female (67 eyes; 38.07%). The average age of the patients in this
study was 64.45 + 13.79 years (24-86, median: 67).

HbA1c values were taken for 87 patients (134 eyes; 76.14%);
average value was 7.2% + 1.13 (5.5-11.3, median: 7).

Mean baseline visual acuity was 0.44 logMAR = 0.36, (- 0.08-
1.54, median: 0.4).

The mean CRT value was 362.42 um + 116.75, (125-790, me-
dian: 331).

Of the 176 eyes included in the analysis, 126 (71.59%) had
previously been treated for diabetic macular oedema. However,
50 eyes (28.41%) had not been treated before (» Fig. 1).

Treatment during the study period

In total, 688 injections were administered during the study period
analysed. VEGF inhibitors were administered in 644 cases, steroid
injections in 44 (» Fig. 2). An average of 3.91+2.22 (1-12, me-
dian: 3) injections were administered per eye (> Fig. 3). An aver-
age of 36.19 +20.73 days (21-203, median: 28) lay between the
first and second VEGF inhibitor injections. This was the shortest
average interval between two injections at 67.19+40.75 days
(28-211, median: 56; » Fig. 4).

Outcome

Average visual acuity was 0.42 logMAR £0.34 on the first visit
(baseline) and 0.38logMAR+0.31 on the last (n=147) (end-
point). The median was 0.3 in each case. Therefore, average visual
acuity improved by 0.04 logMAR £ 0.18.
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VEGEF inhibitor drug distribution

214

(33.23%)

= Bevacizumab = Aflibercept = Ranibizumab

» Fig. 2 Drug distribution in VEGF inhibitor injections administered
(n =644). Diagrammbeschriftung [diagram label]: Absolute num-
bers (percentage).

Eyes with poorer baseline visual acuity (>0.3logMAR, n=71)
showed greater improvement in visual acuity than eyes with
better baseline visual acuity (<0.3logMAR, n=75). The former
improved by 0.1logMAR £0.22 on average, whereas the latter
deteriorated by 0.01 logMAR = 0.1 on average (> Fig. 5).

This difference was statistically significant (p<0.001). The
medication used did not result in any significant difference in visu-
al acuity development (p = 0.428).

The mean baseline CRT value was 369.1 um = 118.81 (n = 142).
The mean endpoint CRT value was 324.56 ym £ 105.41. There-
fore, the result was a reduction of 44.54 um +133.95. Eyes with
higher baseline CRT values at the start of treatment (=333 um,
n=71) showed greater improvement over time at an average re-
duction of 98.31 um £143.91 compared to eyes with lower base-
line values (<333 pum, n=71). Eyes with lower baseline values
even showed an average increase of 9.24 um + 96.92 (» Fig. 6).

The difference here between the two groups was statistically
significant (p <0.001). The medication used did not result in any
significant difference in central retinal thickness development
(p=0.208).

Regression

Our regression analysis results showed baseline CRT value to have
a significant influence on CRT value development over time
(p=0.001). Correlation was negative as described above with
higher initial CRT values resulting in greater reductions over time.
The variables for prior treatment with IVOM therapy compared to
no prior treatment (p = 0.006), baseline CRT value (p =0.001), and
baseline visual acuity value (p = 0.007) also showed significant in-
fluence on the number of injections as the dependent variable.
This model therefore supports the hypothesis that better baseline
visual acuity and higher baseline CRT values require a higher num-

ber of injections. Prior IVOM therapy was also found to associate
with a higher number of injections compared to no prior therapy.

The other variables did not show any statistically significant ef-
fect (p>0.05).

Discussion

At a mean age of 64.45 years with 61.93% male patients, the pa-
tient cohort in this contribution was demographically similar to
those of RWSs and large RCTs [17-20, 30]. Most of the eyes exam-
ined (71.59%) had already been treated for DME. Our patient co-
hort showed average HbATc values of 7.2% at a minimum of 5.5%
and maximum of 11.3%. This indicates slightly better glycaemic
control than in other studies [17,19,20,30].

Baseline visual acuity in patients from this study cohort aver-
aged 0.44 logMAR. This corresponds to around sixty-four ETDRS
letters, which is better than other RWSs studied [22-24,27,28].
Large RCTs reported values between 54.7 and 64.8 letters {17-
20.30}. The average value in this contribution was therefore
also in the upper range. The mean baseline eye CRT values at
362.42 um were substantially lower than values from other RWSs
[23,24,28]. The values in RCTs were also higher (412-540 um)
than in the cohort described here [17-20,30].

The average number of injections was lower in this study by a
wide margin compared to large RCTs if we include only those eyes
that had been treated solely using VEGF inhibitors. Here, the num-
bers of injections ranged between 6.8 and 12.2 in the first year.
The most likely explanation for this is that unlike this study, the
large RCTs used rigid treatment plans with regular follow-up ap-
pointments and a fixed study period [17-20, 30].

Other RWss showed lower values compared to the RCTs: A
large meta-analysis from different RWSs reported an average of
5.3 VEGF inhibitor injections per eye [24]. Stefanickova et al.
(2018) documented an average of 4.9 for twelve months exclud-
ing any eyes not followed up on for at least twelve months com-
pared to 4.5 including all eyes [23]. The average number of injec-
tions applied in this study is rather low [! Unklar, auf welche Studie
bezogen evtl “our study” oder “the present contribution], even in
comparison to other RWSs. The likeliest explanation for this lies in
a difference in approach towards representing the reality of treat-
ment than all other RWSs by focusing mainly on the study period
itself rather than on development in individual eyes. Unlike the
others, this contribution did not require any minimum observa-
tion period for the eyes to be included in the study. Many RWSs
only included eyes observed for at least twelve months, often re-
sulting in a greater number of injections [22-24,27,28,30].

Interval between injections

Our results for the interval between two consecutive VEGF inhib-
itor injections tallies with the data from other RWSs [22,23,28].
Average intervals between VEGF inhibitor injections in this contri-
bution had been kept short, especially between the first three in-
jections. Most of the eyes observed were administered subse-
quent injections within a maximum period of five weeks. Howev-
er, some of the eyes were not administered subsequent injections
until much later.
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Overview of injections administered, all eyes

3-
‘33

Number of eyes

o

%,
’6‘
‘.1
25 fro
"a,
20
)
[
15 6,
Ay
%, 7
A
10 %s >
)0% gl %} (0
I I v %/ 5,
%
D - -

_-.

11 12

Nu mbsr of mjectto ns

» Fig. 3 Overview of the number of injections administered for all eyes (n = 176); x-axis: Total number of eye injections over the study period;
y-axis: Number of eyes. Balkenbeschriftung [Bar label]: Absolute number of eyes (percentage).
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> Fig. 4 Interval between each two injections. Only eyes treated using an VEGF inhibitor were included (n = 135); x-axis: Injections; y-axis: Absolute
number of eyes. The subgroups show the interval in days between injections.

Visual acuity

The average change in visual acuity at an improvement of approx-
imately 2.17 letters observed in this study falls short of results
from the RCTs by a wide margin. Average visual acuity improve-
ment ranged between 5.6 and 13.3 letters in these studies [17-
20,30].

Other RWSs also reported higher overall visual acuity improve-
ment [22-28].
Central retinal thickness

We found an average reduction of 44.54um in central retinal
thickness development.
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Visual acuity change — baseline visual acuity
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» Fig. 6 Average change in central retinal thickness (CRT) grouped by baseline thickness. Eyes with baseline and endpoint CRT values were analysed
(n=142); x-axis: Time course between baseline and endpoint CRT value; y-axis: Mean CRT value. Subgroups: Baseline CRT value.

This value is also substantially lower than those of other stud-
ies. RCTs showed reductions between 102 and 169 um after one
year [17,18,20,30]. Other RWSs also showed better results
[23,24].

Interpreting the Results

Compared to other studies, the results of the present contribution
differ in both visual acuity and central retinal thickness develop-
ment. There are several possible reasons for this. On the one

Eder AM et al. Diabetic Macular Oedemaddem... Klin Monatsbl Augenheilkd 2025; 242: 22

hand, other studies imposed substantially tighter inclusion and
exclusion criteria [17,19, 20, 27,30].

The limited observation period affecting some cases in this
contribution could be another reason. Many studies followed up
on their patients for at least six to twelve months [17-20,22-
24,27,28,30]. We omitted this condition in our study as our
primary goal was to provide as realistic a picture as possible of
average DME patients and the treatment received rather than
evaluating the effectiveness of a particular treatment. This in-
volved including eyes after far shorter follow-up times in our anal-
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ysis. These patients therefore also underwent shorter treatment
times and received lower injection numbers. This could be ex-
pected to yield less meaningful results.

Even so, it should be borne in mind that the aim of this con-
tribution was to present as realistic a picture as possible of DME
patients and treatment in an everyday clinical setting. Viewed
alongside other RWSs, these results could help brief patients with
realistic expectations on expected outcomes, thus potentially pro-
moting compliance during therapy.

Results from regression calculations

Regression analysis showed a statistically significant negative cor-
relation between baseline CRT values in the study period and the
difference in CRT values at the end of treatment.

Parameters with a significant influence on the number of in-
jections were baseline visual acuity value, baseline CRT value, and
prior IVOM therapy compared to no prior therapy.

Other studies did not find any association between baseline vi-
sual acuity and number of injections [22,27]. Higher baseline CRT
values also showed a positive association with the number of in-
jections administered in this study. However, this was a weak as-
sociation. To our knowledge, this contribution is the first study to
establish an association between higher number of injections and
prior treatment with intravitreal injections compared to no prior
treatment. Eyes that had already been administered intravitreal
injections for DME in the past therefore required additional injec-
tions during the course of treatment. Further studies would be
necessary to explore how this affects visual acuity and central ret-
inal thickness development. However, it supports the assumption
that the DME requires long-term therapy. Corresponding patient
briefings to this effect could encourage compliance.

Study Evaluation

This study is subject to limitations. The heterogeneity in our study
cohort hindered any clear explanation as to whether the change in
visual acuity was due to increased DME activity or another eye dis-
ease. Further studies of this kind would be needed for larger data
sources. The retrospective nature of the analysis also includes lim-
iting factors.

Even so, this contribution still provided a detailed picture of ac-
tual treatment reality for DME patients in the outpatient clinic of a
university hospital. To the best of our knowledge, this is the first
work to be performed in this way. The few inclusion and exclusion
criteria gave rise to an especially faithful representation of every-
day clinical practice in Germany.

DME prevalence is high in our society and is expected to con-
tinue to rise in the future, so continuous ophthalmic care optimi-
sation and cooperation between physicians and patients would be
an important objective. Achieving this would involve collecting
data reflecting all patients rather than a highly selective cohort.
We have achieved this in this contribution.

Further RWSs could be performed that represent actual condi-
tions and DME patients as this study did without excluding a large
proportion of eyes due to previous diseases, previous treatments,
and so on. This would allow broad and realistic data collection on
DME treatment in everyday clinical settings towards improving

patient treatment. This would also enable further investigation
on which expectations on visual acuity development are realistic
in DME treatment in everyday clinical settings and which factors
influence this for physicians to be able to relay these expectations
to patients, at best towards maximising patient compliance.

CONCLUSION

Already known:

= [VOM therapy comprising VEGF inhibitors and steroids
may improve visual acuity and central retinal thickness in
eyes with diabetic macular oedema.

= No clear superiority of any individual drug has yet been
clearly demonstrated.

New:

= Actual patient populations in a German university hospital
are far more complex than those covered in RCTs. This has
an impact on outcome expectations.

= Eyes previously administered intravitreal injections for
DME required additional injections during treatment.
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