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Aim: To report on visual outcome of patients receiving an intravitreal injection of triamcinolone acetonide
for treatment of diffuse diabetic macular oedema.

Methods: Prospective, comparative, non-randomised clinical interventional study included 136 patients
with diffuse diabetic macular oedema. Patients of the study group (97 eyes) received an intravitreal
injection of 20-25 mg of triamcinolone acetonide and no other retinal treatment. Patients of the control
group (69 eyes) received focal or panretinal laser treatment if indicated. Mean (standard deviation) follow
up was 8.4 (SD 6.0) months (range 1.03-25.2 months).

Results: Visual acuity (VA) increased significantly (p<<0.001) in the study group with 66 (68%) eyes
gaining in VA by at least two Snellen lines. In the control group, VA did not change significantly during the
first 4 months of follow up, and decreased significantly (p<0.001) towards the end of the follow up.
Difference in change of best VA was significant (p<<0.001) between both groups. Correspondingly, the
number of patients with VA improvement of two or more Snellen lines and visual loss of two or more
Snellen lines, respectively, was significantly (p<<0.001) higher and lower, respectively, in the study group.
Conclusions: Intravitreal triamcinolone acetonide can temporarily increase VA in some patients with
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diffuse diabetic macular cedema.

intravitreal triamcinolone acetonide for treatment of

diabetic macular oedema.'™* These studies were either
single patient reports or non-comparative case series studies
without a control group. As the course of diabetic macular
oedema varies from person to person, and includes the
possibility of spontaneous improvement, the purpose of the
present study was to investigate in a comparative study
design whether the anti-angiogenic, anti-proliferate, and
anti-oedematous effect of intravitreal triamcinolone aceto-
nide can be used to treat patients with diffuse diabetic
macular oedema.

Recent investigations have reported on the use of

PATIENTS AND METHODS
This clinical, interventional, prospective, comparative non-
randomised study included 166 eyes (136 patients) with
diffuse diabetic macular oedema according to the Early
Treatment Diabetic Retinopathy Study (ETDRS) definition.” ©
The study group, consisting of 97 eyes of 81 consecutive
patients (46 women; 43 right eyes), received an intravitreal
injection of about 20-25 mg triamcinolone acetonide as the
only retinal treatment. The control group (69 eyes—55
patients; 30 women; 32 right eyes) did not receive an
intravitreal injection of triamcinolone nor a macular grid
laser treatment during the follow up. Most of the patients in
the control group had already been lasered before inclusion
into the study. They had received scatter panretinal laser
coagulation, and/or a focal laser coagulation according to
ETDRS guidelines. During follow up, they underwent focal
laser treatment if indicated by fluorescein angiography,
according to the guidelines. The main reason for assigning
the patients to the study group or the control group was
based on their preference: control group patients did not
want an intravitreal injection of triamcinolone acetonide.
For all patients, VA at baseline of the study ranged between
finger counting and 0.60. During the follow up, no additional

ocular surgery (including cataract operation) was carried out.
Because of the distribution of patients in the study group and
control group, both groups did not vary significantly in
preoperative intraocular pressure (IOP) (p=0.88), age
(p =0.56), refractive error (p=0.60), sex (p=0.44), right
or left eye (p=0.46), or follow up (p=0.30) (table 1).
Preoperative VA was significantly higher in the control group
than in the study group (table 1).

For that reason, an additional control group was formed
adjusted for preoperative visual acuity (VA) with the study
group. The study group and the adjusted control group did
not vary significantly in preoperative IOP (p =0.92), age
(p =0.05), refractive error (p=0.25), follow up (p=0.53),
sex (p=0.07), or right or left eye (p=0.51) (table 2). The
patients in the study group and those in the control group
adjusted for preoperative VA with the study group were
observed in the same way, their VA was tested with the same
technique, and the degree of macular oedema was similar.

All patients receiving the intravitreal injection were fully
informed about the experimental character of the treatment
and signed an informed consent. The ethics committee of the
university had approved the study which followed the tenets
of the Declaration of Helsinki.

All patients received an intravitreal injection of about
20-25 mg triamcinolone acetonide in 0.2 ml Ringer’s solu-
tion as previously described in detail. At baseline of the
study, VA and IOP were determined and fluorescein
angiography was performed. After inclusion into the study,
the patients in the study group and those in the control group
were re-examined. The study group patients were re-
examined the first day after injection, followed by re-
examinations at about 1 month intervals. The control group
patients were re-examined at roughly 2 month intervals.
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study;
IOP, intraocular pressure; VA, visual acuity.
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Table 1 Baseline data of the patients of the study group Table 2 Baseline data of the study group patients and a
and the control group control group matched for preoperative visual acuity with

the study group
Study group  Control group
(n=97) (n=69) p Value* Study group  Control group
Age lyears) 672(99 667 (8.6) 0.56 (NS) =771 fn=39 p Value
Median 67.5 67.8 Age (years) 66.5(10.1) 70.5 (7.4) 0.05 (NS)
Range 28.2-86.7 49.1-87.5 Median 66.1 71.1
Refractive error (D) 0.61 (1.55) 0.69 (1.43) 0.60 (NS) Range 28.2-86.7 51.2-87.5
Median +0.50 +0.63 Refractive error (D) 0.73(1.59)  0.96 (1.09) 0.25 (NS
Range —2.51t0+5.25 —-3.751t0+5.75 Median +0.50 +0.88
Visual acuity Range —2.510+5.25 —0.75 to +4.00
Snellen acuity 0.14 (0.09)  0.31(0.16) <0.001 Visual acuity
Median 0.10 0.30 Snellen acuity 0.16 (0.09) 0.19 (0.08) 0.08 (NS)
Range FC-0.50 0.03-0.60 Median 0.13 0.20
Snellen lines 13.3(3.2) 17.1 (2.9) <0.001 Range 0.06-0.50 0.03-0.30
Median 13 18 Snellen lines 14.5 (2.3) 15.2 (2.5) 0.07 (Ns)
Range 4-20 8-21 Median 14 16
LogMar 0.98 (0.3¢) 0.59 (0.52) <0.001 Range 11-20 8-18
Median 1.00 0.53 LogMar 0.85(0.23) 0.79 (0.25) 0.08 (NS)
Range 0.30-2.40 0.22-1.52 Median 0.90 0.70
Follow up 9.2(6.8) 7.4 (4.5) 0.30 (NS) Range 0.30-1.22 0.52-1.52
Median 7.0 6.9 Follow up 8.9 (6.3) 7.7 (47) 0.53 (NS)
Range 1.0-25.2 1.2-23.1 Median 6.8 7.5
Intraocular pressure 15.2 (3.6) 15.5 (3.6) 0.85 (NS) Range 1.33-24.1 1.2-17.7
Median 16 16 Intraocular pressure  15.3 (3.6) 15.4(3.0) 0.92 (NS)
Range 10-24 9-24 Median 16 16
Change in best VA Range 10-24 9-24
LogMar units —0.27 (0.24) 0.03(0.21) <0.001 Change in best VA
Snellen lines 2.6(2.2) -0.3(1.9) <0.001 LogMar units —-0.24 (0.21) —0.01(0.23)  <0.001
Snellen acuity 0.12(0.13)  -0.02(0.120  <0.001 Snellen lines 2.4 (2.1) 0.1 (2.0) <0.001
Change in VA between Snellen acuity 0.13(0.13)  0.02 (0.08) <0.001
baseline and end of Change in VA between
follow up baseline and end of
LogMar units —0.03(0.33) 0.13(0.23) <0.001 follow up
Snellen lines 0.4 (3.3) -1.3(2.3) <0.001 LogMar units 0.00 (0.33)  0.09 (0.21) 0.04
Snellen acuity 0.03(0.13)  —0.07(0.12)  <0.001 Snellen lines 0.1(3.2) -1.0(2.1) 0.03
Snellen acuity 0.03 (0.14) —0.03 (0.08) 0.02
*Statistical significance of difference between the two groups.
NS, statistically not significant; VA, visual acuity. Results shown as mean *Stafistical significance of difference between study group and control
(standard deviation). group.
NS, statistically not significant; VA, visual acuity. Results are shown as
mean (standard deviation).

Mean (standard deviation) follow up was 84 (SD
6.0) months (range 1.03-25.2 months) (tables 1 and 2).
Visual acuity was determined in a standardised fashion by an
observer performing best corrected refractometry and using
Snellen charts. The VA measurements were given as Snellen
lines and in metric units. Additionally, they were converted
to the logarithm of the minimum angle of resolution
(logMAR).

Statistical analyses were performed by using a commer-
cially available statistical software package (SPSS for
Windows, version 11.5, SPSS, Chicago, IL, USA). To test the
statistical significance of differences between the study group
and the control group, the Mann-Whitney test, Wilcoxon
test, or Student’s t test for parameters such as IOP and VA
were used. For parameters such as sex and right or left eye,
the y? test was applied. The level of significance was 0.05
(two sided) in all statistical testing.

RESULTS

In the study group, an increase in best VA during the follow
up was found in 82 (84.5%) eyes. In 12 (12.3%) eyes,
preoperative VA and best postoperative VA did not vary
(fig 1). The change in best VA was on the average 0.12 (SD
0.13) (logMar units: —0.27 (SD 0.24)) (table 1) indicating a
significant (p<<0.001) increase in VA compared with the
baseline value. Expressing VA in Snellen units showed a
similar result with a mean increase in VA by 2.6 (SD 2.2)
Snellen lines (table 1) (fig 1). In 66 (68%) eyes, best VA
increased by at least two Snellen lines (fig 1). Comparing
preoperative VA measurements with the measurements
obtained at each of the follow up visits, the differences were
statistically significant for the measurements performed 1 to
5 months and 7 months after the injection (table 3). For
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measurements obtained at 6 months or 8 months or later
after the injection, the differences between the baseline
examinations and the examinations performed during the
follow up were statistically not significant (table 3). The lack
of a statistical significance might have been due to a lower
number of patients at the follow up visits. There was a
tendency of a reduction of VA towards the end of the follow
up (table 3). Visual acuity measurements obtained at the end
of the follow up, however, were still significantly higher
(p =0.02) than those obtained at baseline of the study.

In the control group, an increase in best VA during follow
up was found in 23 (33%) eyes, and a decrease in 27 (39%)
eyes when compared with the baseline VA (fig 1). In 19
(28%) eyes, baseline VA and best VA during follow up did not
vary. In 10 (14%) eyes, best VA increased by at least two
Snellen lines. Best VA changed by —0.02 (SD 0.12) (logMar
units: 0.03 (SD 0.21)) or —0.30 (SD 1.9) Snellen lines
(table 2). Comparing baseline VA measurement with the
measurements obtained at each of the follow up visits, the
differences were statistically not significant for the measure-
ments for the first 4 months after baseline. For the
measurements performed 5 months and 6 months, respec-
tively, after the injection, VA was significantly lower
compared with the baseline value (p=0.01, and p=0.02,
respectively). Comparing VA measurements obtained at the
end of follow up with the VA measurements obtained at
baseline, the control group showed a significant (p<<0.001)
loss in VA.

Comparing the study group and control group with each
other, the differences in change in best VA between the
groups—measured in logMar units, Snellen acuity, or Snellen
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Table 3  Follow up data of the patients of the study group

Study group p Value*
VA at baseline (n=97)
LogMar 0.98 (0.36)
Snellen lines 13.3(3.2)
Snellen acuity 0.14 (0.10)
VA after 1 week (n=57)
LogMar units 0.86 (0.32) 0.001
Snellen lines 14.4 (3.2) 0.001
Snellen acuity 0.18 (0.15) 0.002
VA after 1 month (n=64)
LogMar units 0.83 (0.37) <0.001
Snellen lines 14.7 (3.7) <0.001
Snellen acuity 0.20 (0.14) <0.001
VA after 2 months (n=52)
LogMar units 0.81 (0.33) <0.001
Snellen lines 14.8 (3.3) <0.001
Snellen acuity 0.20 (0.14) <0.001
VA after 3 months (n=51)
LogMar units 0.81 (0.34) <0.001
Snellen lines 15.0 (3.4) <0.001
Snellen acuity 0.20 (0.14) <0.001
VA after 4 months (n=237)
LogMar units 0.78 (0.46) <0.001
Snellen lines 15.4 (4.2) 0.001
Snellen acuity 0.25(0.18) <0.001
VA after 5 months (n=29)
LogMar units 0.86 (0.31) 0.034
Snellen lines 14.5 (3.0) 0.046
Snellen acuity 0.18 (0.13) 0.021
VA after 6 months (n=25)
LogMar units 0.86 (0.33) 0.033
Snellen lines 14.2 (3.36) 0.099 (NS)
Snellen acuity 0.18 (0.13) 0.068 (NS)
VA after 7 months (n=18)
LogMar units 0.89 (0.59) 0.042
Snellen lines 14.6 (4.3) 0.020 (NS)
Snellen acuity 0.19 (0.12) 0.006
VA after 8 months (n=20)
LogMar units 0.83 (0.31) 0.17 (NS)
Snellen lines 14.7 (3.1) 0.17 (NS)
Snellen acuity 0.19(0.13) 0.18 (NS)
VA after 9 months (n=16)
LogMar units 0.92 (0.43) 0.22 (NS)
Snellen lines 13.9 (4.3) 0.19 (NS)
Snellen acuity 0.19 (0.18) 0.068 (NS)
VA after 10 months (n=9)
LogMar units 0.92 (0.43) 0.22 (NS)
Snellen lines 13.4 (3.8) 0.93 (NS)
Snellen acuity 0.15(0.11) 0.87 (NS)
VA after 11 months (n=9)
LogMar units 1.03 (0.41) 0.27 (NS)
Snellen lines 12.8 (4.1) 0.27 (NS)
Snellen acuity 0.14 (0.14) 0.27 (NS)
VA after 12 months (n=9)
LogMar units 0.90 (0.30) 0.55 (NS)
Snellen lines 14.0 (3.0) 0.55 (NS)
Snellen acuity 0.16 (0.12) 0.40 (NS)
VA after 13 months (n=4)
LogMar units 0.90 (0.38) 1.00 (NS)
Snellen lines 14.0 (3.9) 0.79 (NS)
Snellen acuity 0.16 (0.11) 0.59 (NS)
VA after 14 months (n=4)
LogMar units 1.21 (0.14) 0.46 (NS)
Snellen lines 11.0 (1.4) 0.46 (NS)
Snellen acuity 0.07 (0.02) 0.47 (NS)
VA after 15 months (n=10)
LogMar units 1.01 (0.29) 0.24 (NS)
Snellen lines 13.0 (2.9) 0.33 (NS)
Snellen acuity 0.12 (0.08) 0.18 (NS)

*Statistical significance of difference between baseline and follow up
data.

NS, statistically not significant. Results presented as mean (standard
deviation).

lines—were highly significant (p<<0.001) (table 1). The same
is true when we were compared the study group and control
group matched for preoperative VA with each other (table 2).
Taking the whole study population, the number of patients
showing an increase in best VA by two or more Snellen lines
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Figure 1 Histogram showing the distribution of change in best visual
acuity during foﬁow up.

during follow up was significantly higher in the study group
than in the control group (p<<0.001; y> test) (fig 1). The
number of patients with a decrease of two or more Snellen
lines was significantly (p<<0.001) higher in the control group.
Taking into account the study group and control group
matched for preoperative VA with each other, similar results
were obtained: the number of patients with an increase in
best VA of two or more Snellen lines was significantly
(p<<0.001) higher, and the number of patients with a
decrease of two or more Snellen lines was significantly
(p=0.002) lower in the study group than in the control
group.

Looking at the measurements obtained at the individual
follow up dates, gain in VA was significantly (p<<0.05) more
marked in the study group than in the control group for the
measurements taken at 1-7 months after baseline (table 4)
(figs 1 and 2). For the measurements obtained 8 months or
later after start of the study, the differences between the
study group and control group were statistically not
significant. One of the reasons might have been that for re-
examinations taken =8 months after baseline, the decreasing
number of patients included became too small for a statistical
analysis. The study group and control group varied signifi-
cantly (p<0.05) in the difference of VA values at study end
minus VA values at baseline: in the control group, final VA
was significantly worse than at baseline, while in the study
group final VA did not vary significantly between end of
follow up and baseline (tables 1 and 2).

In the study group, IOP increased significantly (p<<0.001;
Wilcoxon test) from 15.2 (SD 3.6) mm Hg (median
16 mm Hg) at baseline of the study to a mean maximum
of 21.3 (SD 6.9) mm Hg (median 20 mm Hg), and again
decreased significantly p<<0.001) towards the end of follow
up to a mean of 17.0 (SD 6.3) mm Hg (median 16 mm Hg).
Forty (41%) eyes developed a maximal IOP higher than
21 mm Hg. The IOP measurement at the end of follow up
was however slightly significantly (p = 0.03) higher than the
baseline value. In all but one eye in which it was increased,
IOP could be regulated by topical ant glaucomatous medica-
tion. One (1%) eye had to undergo conventional filtering
surgery because IOP had risen to values higher than
40 mm Hg, untreatable by eye drops. In the control group,
IOP at baseline and the highest IOP during follow up
(p=0.07), as well as IOP at baseline and at the end of follow
up (p=0.61) did not differ significantly. The rise in IOP
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Figure 2 Diagram showing change in visual acuity (expressed in
Snellen lines) in the study group and control group during follow up.

during follow up was significantly (p =0.001) higher in the
study group than in the control group.

DISCUSSION

Intravitreal triamcinolone acetonide has increasingly been
used in previous studies as treatment for intraocular
proliferative, oedematous, and neovascular diseases.”*” The
results of the present comparative study suggest that
intravitreal triamcinolone acetonide may be wuseful in
increasing VA in patients with diffuse diabetic macular
oedema. The patients in the study group compared with the
control group showed a significant increase in VA during
follow up, expressed in Snellen lines as well as in logMAR
units (table 1-4) (figs 1-3). The increase in VA in the study
group was most marked for the first 3-6 months after the
injection. At the end of the follow up, VA measurements
showed a tendency to decrease. Visual acuity measurements
obtained at the end of follow up, however, were still
significantly higher (p =0.02) than those obtained at base-
line. In the control group, VA decreased significantly
(p<0.05) during follow up compared with baseline values.
At the end of follow up, VA measurements were significantly
(p<<0.001) lower than at start of the study.

Based on the results of the present prospective comparative
investigation, and in agreement with other studies,'™ *° one
may infer that patients with persisting diffuse diabetic
macular oedema may undergo intravitreal injection of
triamcinolone acetonide in a controlled manner. There are,
however, limitations of the present study. The most
important limitation is the design as a non-randomised,
comparative clinical investigation. Another limitation of the
study might be that, although intravitreal triamcinolone will
have increased the degree of cataract, cataract surgery was
not performed in combination with, or after, the intravitreal
injection of triamcinolone acetonide during follow up. The
vision reducing effect of progressive cataract, however, might
have hidden parts of a vision improving effect of triamcino-
lone so that this limitation of the study might serve to
support the conclusion. Another limitation may be that the
observer was not masked and usually knew whether the
patient had received an intravitreal injection of triamcinolone
acetonide.

An additional limitation of this study might be the
relatively high dosage of triamcinolone acetonide injected
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Table 4 Follow up data of the study group patients and
whole control group
Change in
visual acuity Study group  Control group p Value*
1 week after baseline
Number 57 5
logMarunits 2009(0.18) —-002(0.04)  0.36 (NS)
Snellen lines 0.9(1.9) 0.2 (0.4) 0.39 (NS)
Snellen acuity 0.04 (0.10) 0.01 (0.02) 0.51 (NS)
1 month after baseline
Number 64 19
LogMar units —0.15(0.28) —0.01 (0.13) 0.006
Snellen lines 1.3(2.6) 0.1(1.3) 0.01
Snellen acuity 0.07 (0.12) —0.01 (0.07) 0.01
2 months after baseline
Number 52 24
LogMar units —0.16 (0.26) 0.00 (0.25) 0.009
Snellen lines 1.5(2.6) 0.2(1.7) 0.027
Snellen acuity 0.07 (0.12) 0.02 (0.08) 0.10 (NS)
3 months after baseline
Number 51 25
LogMar units ~0.19(0.26) 0.09(0.25)  <0.001
Snellen lines 1.8(2.2) -0.7 (1.9) <0.001
SnelEnlactiny 007(0.09) —0.04(0.10) <0.001
4 months after baseline
Number 37 19
LogMar units —0.16 (0.35) 0.02(0.17) 0.004
Snellen lines 1.8 (3.1) -0.2(1.7) 0.006
Snellen acuity 0.10 (0.15) —0.01 (0.07) 0.005
5 months after baseline
Number 29 14
LogMar units —0.10(0.25) 0.13(0.20) 0.001
Snellen lines 1.0 (2.5) -1.4(2.0) 0.002
Sl ety 004(0.10) —008(0.12)  0.001
6 months after baseline
Number 25 10
LogMar units —0.06 (0.21) 0.15(0.15) 0.003
Snellen lines 0.5(2.1) -1.5(1.6) 0.004
Snellen acuity 0.03 (0.08) —0.11 (0.13) 0.001
7 months after baseline
Number 18 16
LogMar units —0.13(0.28) 0.02(0.17) 0.037
Snellen lines 1.5(2.4) 0.2 (1.6) 0.029
Snellen acuity 0.07 (0.09) —-0.02 (0.07) 0.011
8 months after baseline
Number 20 13
LogMar units 20,09 (0.33) 0.03 (0.14) 0.15 (NS)
Snellen lines 1.0(3.3) -0.2 (1.5) 0.18 (NS)
SnellEn acdity 004(0.16)  —0.02(0.06) 0.17 (NS)
*Statistical significance of difference between study group and control
group.
NS, statistically not significant. Results presented as mean (standard
deviation).

into the eye. In all preceding studies, injecting intravitreal
triamcinolone acetonide as treatment for diffuse diabetic
macular oedema or cystoid macular oedema due to various
reasons, a dosage of 2-8 mg was used. The reason we
continued to inject about 20-25 mg triamcinolone acetonide
was that right from the beginning of our ongoing triamci-
nolone investigations now involving more than 700 injections
for various diseases, we have always used the same dosage of
about 20-25 mg of triamcinolone acetonide, and we have not
seen yet side effects attributed to high dosage. Future dosage
finding studies are necessary to evaluate the optimum dosage
in view of tolerability, side effects, and duration of action.
The main side effect of intravitreal triamcinolone acetonide
observed in the present study was an increase in IOP. Forty
(41%) eyes developed maximal IOP measurements higher
than 21 mm Hg. As already described in previous studies,**
the secondary ocular hypertension could usually be treated by
topical antiglaucomatous medication without the develop-
ment of glaucomatous optic nerve damage. One (1%) eye
underwent penetrating trabeculectomy. It has remained
unclear so far, whether and how intensively triamcinolone
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Figure 3 Fluorescein angiography
and optical coherence tomography
before, and 11 weeks after, intravitreal
injection of triamcinolone acetonide.
Note: decrease in fluorescein leakage
and decrease in retinal thickening

arallel to an increase in visual acuity
From 0.20 to 0.40. (A and B)
fluorescein angiograms; (C and D)
optical coherent fomograms.

acetonide crystals injected into the vitreous body may
influence the vitreoretinal interface. One may suspect that
because of their weight, the crystals may lead to a posterior
vitreous detachment if the vitreous was not already detached
before the injection. A posterior vitreous detachment may
increase the risk of rhegmatogenous retinal detachment. So
far however, there have been no reports in the literature of a
retinal rhegmatogenous detachment as a complication in
patients who received an intravitreal injection of triamcino-
lone acetonide. The advantage of posterior vitreous detach-
ment in patients with diabetic retinopathy may be a
reduction of macular oedema as suggested by studies on
pars plana vitrectomy in patients with diffuse diabetic
macular oedema, and a decreased risk of retinovitreal
proliferations.>* Future studies may address these topics.

In conclusion, the data in this study suggest that the
intravitreal injection of about 20-25 mg of triamcinolone
acetonide may improve visual outcome of some patients with
diffuse diabetic macular oedema during the first 5-7 months
after injection. Future studies evaluating the optimal dosage
of triamcinolone acetonide to be injected, the necessity and
possibility of intravitreal re-injections,” *> > and comparison
of intravitreal injection versus the use of intravitreal slow
release devices® are warranted.
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