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INTRODUCTION

Based on the pioneering studies by Robert Machemer
on the intraocular application of steroids, diabetic macular
edema has increasingly been treated by intravitreal injec-
tions of triamcinolone acetonide, using the anti-edema-
tous and anti-angiogenic properties of the drug (1-25). 

These studies have suggested that the intravitreal injec-
tion of triamcinolone acetonide may be a treatment option
if other treatment modalities have failed or are not available.
For most of these investigations, the follow-up was re l a t i v e-
ly short so that data for a longer follow-up have mostly not

been available. Additionally, most investigators have used a
dosage of 4 mg of triamcinolone acetonide, while the high
dosage of about 20 mg has been applied in few studies. 

Since the risk of side effects usually increases with the
dosage of a drug, it was the purpose of the present inves-
tigation with the application of the high dosage of intravit-
real triamcinolone acetonide to assess the change in visu-
al acuity and intraocular pressure for a larger number of
patients with a follow-up longer than reported so far, to in-
c rease the information on safety issues of the high-
dosage therapy, and to evaluate the duration of the ef-
fects and side effects of the treatment. 

PU R P O S E. To report on the follow-up of patients who received an intravitreal high-dosage in-
jection of triamcinolone acetonide (IVTA) as treatment of diffuse diabetic macular edema. 
ME T H O D S. The clinical interventional case-series study included 109 eyes (90 patients) with
diffuse diabetic macular edema who consecutively received an IVTA of about 20 mg. Mean
follow-up was 11.2 ± 6.2 months. 
RE S U LT S. Visual acuity improved significantly (p<0.001) from 0.89 ± 0.33 logMAR to a best min-
imum of 0.65 ± 0.35 logMAR. An increase in best visual acuity by at least 1 Snellen line, 2
lines, and 3 lines was found in 91 (83%) eyes, 68 (62%) eyes, and 45 (41%) eyes, re s p e c t i v e l y.
D i f f e rences in visual acuity between baseline and follow-up examinations were significant for
m e a s u rements performed at 1 month (p<0.001), 2 months (p<0.001), 3 months (p<0.001), and
at 6 months (p=0.001) after the injection. At 9 months after the injection, mean visual acuity
re g ressed significantly so that visual acuity at 9 months (p=0.83) and at 12 months after the
injection (p=0.58) compared with baseline values did not differ significantly. Forty-seven (43%)
eyes developed a rise in intraocular pre s s u re (pre s s u re >21 mmHg) for 6 to 8 months after
the injection. No other severe complications were detected. 
CO N C L U S I O N S. The duration of a visual acuity increase and intraocular pre s s u re rise after high-
dosage IVTA in diffuse diabetic macular edema is about 6 to 8 months. Compared with da-
ta in the literature, the high-dosage IVTA may not have a markedly higher profile of side ef-
fects than low-dosage IVTA. (Eur J Ophthalmol 2006; 16: 5 6 6- 7 2 )
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TABLE I - VISUAL ACUITY AT BASELINE AND DURING FOLLOW-UP IN 109 EYES RECEIVING A SINGLE 
I N T R AVITREAL INJECTION OF ABOUT 20 MG TRIAMCINOLONE ACETONIDE AS TREATMENT OF 
DIFFUSE DIABETIC MACULAR EDEMA

Visual acuity n Mean ± SD M e d i a n p Va l u e

B a s e l i n e
S n e l l e n 1 0 9 0.17 ± 0.13 0 . 1 2 —
L o g M A R 0.89 ± 0.33 0 . 9 0 —
1 Month
S n e l l e n 9 2 0.23 ± 0.18 0 . 2 0 < 0 . 0 0 1
L o g M A R 0.75 ± 0.70 0 . 7 0 < 0 . 0 0 1
Change (Snellen lines) 1.23 ± 2.36 1
Change (LogMAR) -0.12 ± 0.23 - 0 . 1 0 3
Gain 3 Snellen lines 24/92 (23%)
Loss 3 Snellen lines 4/92 (4%)
2 Months
S n e l l e n 8 4 0.24 ± 0.20 0 . 2 0 < 0 . 0 0 1
L o g M A R 0.73 ± 0.32 0 . 7 0 < 0 . 0 0 1
Change (Snellen lines) 1.43 ± 3.26 1
Change (LogMAR) -0.15 ± 0.23 - 0 . 1 2
Gain 3 Snellen lines 27/84 (32%)
Loss 3 Snellen lines 5/84 (6%)
3 Months
S n e l l e n 8 9 0.23 ± 0.16 0 . 2 0 < 0 . 0 0 1
L o g M A R 0.77 ± 0.40 0 . 7 0 < 0 . 0 0 1
Change (Snellen lines) 1.28 ± 2.5 1
Change (LogMAR) -0.12 ± 0.27 - 0 . 1 0
Gain 3 Snellen lines 25/89 (28%)
Loss 3 Snellen lines 4/89 (5%)
6 Months
S n e l l e n 8 0 0.22 ± 0.16 0 . 2 0 0 . 0 0 1
L o g M A R 0.78 ± 0.32 0 . 7 0 0 . 0 0 1
Change (Snellen) 0.97 ± 2.71 1
Change (LogMAR) -0.10 ± 0.27 - 0 . 1 0
Gain 3 Snellen lines 19/80 (24%)
Loss 3 Snellen lines 7/80 (9%)
9 Months
S n e l l e n 5 5 0.17 ± 0.13 0 . 1 0 0.25 (NS)
L o g M A R 0.91 ± 0.42 1 . 0 0 0.83 (NS)
Change (Snellen) -0.40 ± 3.05 0
Change (LogMAR) 0.00 ± 0.37 0 . 0 0
Gain 3 Snellen lines 11/55 (20%)
Loss 3 Snellen lines 10/55 (18%)
12 Months
S n e l l e n 5 2 0.14 ± 0.10 0 . 1 0 0.86 (NS)
L o g M A R 0.97 ± 0.2 1 . 0 0 0.58 (NS)
Change (Snellen) -0.40± 3.05 0
Change (LogMAR) 0.04 ± 0.30 0 . 0 0
Gain 3 Snellen lines 7/52 (13%)
Loss 3 Snellen lines 12/52 (23%)
End of follow-up
S n e l l e n 1 0 9 0.18 ± 0.15 0 . 1 0 0.26 (NS)
L o g M A R 0.89 ± 0.38 1 . 0 0 0.69 (NS)
Change (Snellen) -0.11± 3.38 0
Change (LogMAR) 0.00 ± 0.33 0 . 0 0
Gain 3 Snellen lines 20/109 (18%)
Loss 3 Snellen lines 20/109 (18%)
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PATIENTS AND METHODS

The prospective interventional case-series study includ-
ed 90 patients (109 eyes) (47 women; 45 right eyes) who
consecutively presented with diffuse diabetic macular
edema, who received an intravitreal injection of triamci-
nolone acetonide of about 20 mg as single and only ther-
apeutic procedure during follow-up, and for whom the fol-
low-up was longer than 3 months. Nineteen (21%)
patients received the intravitreal cortisone injection in
both of their eyes. Mean age was 66.9 ± 9.6 years (range,
28.2–85.1 years; median, 67.4 years). Refractive erro r
ranged between –2.5 diopters and +5.25 diopters (mean
± SD: 0.52 ± 1.32 diopters; median, 0.50 diopters). Mean
intraocular pre s s u re was 15.4 ± 3.4 mmHg (range, 8–24
mmHg; median, 15 mmHg). 

The diagnosis of diffuse diabetic macular as defined
by the Early Treatment of Diabetic Retinopathy Study
(ETDRS) was substantiated by fluorescein angiography.
Diabetic macular edema diffusely involved the central
fovea and persisted for at least 3 months. Focal re t i n a l
laser treatment had been performed if indicated accord-
ing to the ETDRS guidelines. If laser treatment had been
performed, it had been carried out 3 or more months prior
to inclusion into the study. Exclusion criteria for the study
were uncontrolled glaucoma, loss of vision as a result of
other causes, systemic treatment with prednisolone, se-
vere systemic disease, or any condition affecting follow-
up or documentation. All patients were fully informed
about the experimental character of the treatment and
consent was obtained from the subjects after the nature
of the procedure was explained. The Ethics Committee of
the University had approved the study, which followed the
tenets of the Declaration of Helsinki. History of glaucoma
or of intraocular surgery including cataract surgery were
not exclusion criteria. 

All patients received an intravitreal injection of about 20
mg triamcinolone acetonide in 0.2 mL Ringer’s solution as
previously described in detail (6). A recent study revealed
that using the same filtering technique as in the present
study, the dosage of triamcinolone acetonide ready for in-
travitreal injection was about 23.8 ± 0.6 mg (26). At base-
line of the study, visual acuity and intraocular pre s s u re
w e re determined and fluorescein angiography was per-
formed. After inclusion into the study, the patients were
re-examined the first day after the injection, followed by
re-examinations at about monthly intervals for the first 3
months after the injection, and at about 3-monthly inter-

vals there a f t e r. Mean follow-up was 11.2 ± 6.2 months
(median, 9.7 months; range, 3.0–25.2 months). Vi s u a l
acuity was determined in a standardized fashion by an
observer performing best-corrected refractometry and us-
ing Snellen charts. The visual acuity measurements were
given as Snellen lines and in metric units. Additionally,
they were converted to the logarithm of the minimum an-
gle of resolution (logMar). Intraocular pressure was mea-
sured by Goldmann applanation tonometry. 

Statistical analyses were performed by using a com-
mercially available statistical software package (SPSS for
Windows, version 11.5, SPSS, Chicago, IL, USA). To test
the statistical significance of diff e rences between the
baseline values and the measurements obtained during
follow-up, the Wilcoxon test for paired samples was used. 

RESULTS

For 89 (82%) eyes included in the study, 3-month data
w e re available; for 80 (73%) eyes, data were available for
the 6-month study visit; for 55 (50%) eyes, follow-up data
w e re available for the 9-month visit; and for 52 (48%) eyes,
12-month data were assessed. For 43 (39%) eyes, exami-
nations were performed more than 12 months after the in-
jection. 

Visual acuity improved significantly (p<0.001) from 0.89 ±
0.33 logMAR (median, 0.90; range 0.10 to 2.52) to a best
minimum of 0.65 ± 0.35 logMAR (median, 0.60; range, 0.00
to 2.40). An increase by at least 3 Snellen lines in best visu-
al acuity at any time during the whole follow-up was found
in 45 (41%) eyes. An increase in best visual acuity during
follow-up by at least two lines and at least one line was
found for 68 (62%) eyes and for 91 (83%) eyes, re s p e c t i v e-
l y. Two (2%) eyes lost three or more lines in best visual acu-
ity during follow-up. 

Comparing preoperative visual acuity measurements with
the measurements obtained at the follow-up visits, the dif-
f e rences were statistically significant for the measure m e n t s
performed at 1 month (p<0.001), at 2 months (p<0.001), at
3 months (p<0.001), and at 6 months (p=0.001) after the in-
jection (Tab. I). At 9 months after the injection, mean visual
acuity deteriorated significantly so that visual acuity at 9
months after the injection and visual acuity at baseline of
the study did not vary significantly (p=0.83). Corre s p o n d-
i n g l y, at 12 months after the injection (p=0.58) and at the
end of the follow-up (p=0.69), visual acuity measure m e n t s
and baseline values did not differ significantly. Intraocular
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TABLE II - INTRAOCULAR PRESSURE (MMHG) AT BASELINE AND DURING FOLLOW-UP IN 109 EYES RECEIVING
A SINGLE INTRAVITREAL INJECTION OF ABOUT 20 MG TRIAMCINOLONE ACETONIDE AS TREAT M E N T
OF DIFFUSE DIABETIC MACULAR EDEMA

Intraocular pre s s u re Mean ± SD M e d i a n p Va l u e

B a s e l i n e 15.4 ± 3.4 1 5 —

1 Month 17.2 ± 4.8 1 8 < 0 . 0 0 1
C h a n g e 1.9  ± 4.9 1

2 Months 17.9 ± 4.8 1 7 < 0 . 0 0 1
C h a n g e 2.4 ± 4.8 2

3 Months 17.8 ± 4.6 1 8 0 . 0 0 1
C h a n g e 2.0 ± 4.8 2

6 Months 17.5 ± 4.9 1 6 0 . 0 1
C h a n g e 1.9 ± 5.4 2

9 Months 18.0 ± 6.1 1 7 0.10 (–)
C h a n g e 1.7 ± 6.3 2

12 Months 16.6 ± 3.8 1 6 0.77 (–)
C h a n g e 0.5 ± 5.1 0

p re s s u re increased significantly (p<0.001; Wilcoxon test)
f rom 15.4 ± 3.4 mmHg (median, 15 mmHg) at baseline of
the study to a mean maximum of 21.4 ± 5.9 mmHg (medi-
an, 20 mmHg), and again decreased significantly (p<0.001)
t o w a rds the end of follow-up to a mean of 16.6 ± 5.3
mmHg (median, 16 mmHg). The intraocular pre s s u re mea-
s u rements at the end of follow-up did not differ significantly
(p=0.32) from the baseline value. Forty-seven (43%) eyes
developed a maximal intraocular pre s s u re higher than 21
mmHg during follow-up, which was treated by topical
antiglaucomatous treatment. 

Except for a pro g ression of cataract, which was not as-
sessed in the present study, no other severe complications
besides the rise in intraocular pre s s u re were detected. 

DISCUSSION

I n t r a v i t real triamcinolone acetonide has incre a s i n g l y
been used in previous studies as treatment for intraocular
proliferative, edematous, and neovascular diseases, such
as central and branch retinal vein occlusion, neovascular
glaucoma without or with cataract surg e r y, chronic pre -
phthisical ocular hypotony, chronic uveitis, neovascular
a g e - related macular degeneration, and in other clinical

situations (27). In aqueous humor, triamcinolone ace-
tonide has been found 8 to 9 months after an intravitreal
injection of about 20 mg in contrast to about 3 months if
given in a dosage of 4 mg (28-30). Systemic and local
side effects, reported so far, include cataract, secondary
ocular hypertension leading in some patients to sec-
ondary chronic open-angle glaucoma, and postinjection
infectious and noninfectious endophthalmitis (31-34). In-
terestingly, triamcinolone acetonide was not detected, or
found in traces only, in the serum of patients after an in-
travitreal injection of 20 mg triamcinolone acetonide (35). 

In previous studies, intravitreal triamcinolone acetonide
has additionally been applied as treatment of diabetic
retinopathy including diabetic macular edema (3-25). With
these studies on intravitreal triamcinolone acetonide in
general, it has been the first time that a treatment has
been shown to improve vision in patients with diffuse dia-
betic macular edema. Previous investigations applying
tissue destructive retinal laser coagulation were mainly fo-
cused on the prevention of further loss of vision (36-38).
In most of the studies using intravitreal triamcinolone ace-
tonide, a dosage of 4 mg of intravitreal triamcinolone ace-
tonide has been used, leading to an increase in visual
acuity for about 2 to 6 months, and leading to a tempo-
rary rise in intraocular pressure of about 2 to 6 months. In
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agreement with these studies on a visual acuity improving
effect of intravitreal triamcinolone acetonide, the present
study additionally gives some information about the dura-
tion of the effect of the high dosage of triamcinolone ace-
tonide and about the duration of the rise in intraocular
pressure. Compared with the baseline of the study, the vi-
sual acuity measurements were significantly higher at the
examinations performed up to 6 months after the injection
(Tab. I). At 9 months and 12 months after the intervention,
visual acuity significantly regressed and no longer varied
from the baseline values. This suggests that the duration
of the effect of intravitreal triamcinolone acetonide given
in a dosage of about 20 mg was about 6 to 8 months. 

The duration of the effect of the high dosage of intravit-
real triamcinolone acetonide in the present study with
about 6–8 months was longer than reported in studies us-
ing a dosage of 4 mg triamcinolone acetonide (5, 7, 10-
23). This is in agreement with a recent study directly com-
paring various dosages of intravitreal triamcinolone
acetonide (25). In that prospective, randomized, double
masked study, three patient groups were formed receiving
an intravitreal injection of triamcinolone acetonide of
about 2 mg (n = 8 eyes), 5 mg (n = 10), or 13 mg (n = 9),
re s p e c t i v e l y. The duration of the visual acuity impro v i n g
e ffect of intravitreal triamcinolone acetonide incre a s e d
significantly with the dosage of intravitreal triamcinolone
acetonide (r=0.45; p=0.014). The amount of the rise in in-
traocular pre s s u re was not significantly associated with
the dosage used (p=0.77). From a practical point of view,
this suggests that the high dosage needs fewer re i n j e c-
tions. Considering that the risk of an infectious endoph-
thalmitis may depend on the procedure of the injection it-
self and not on the dosage, the risk for a postinjection
endophthalmitis may be lower with the higher dosage. 

Parallel to the temporary increase in visual acuity, in-
traocular pre s s u re was significantly elevated for 6 to 8
months after the injection and returned to baseline values
at 9 months after the injection. Comparing studies using
different dosages of triamcinolone acetonide for intravitre-
al injection may suggest that the higher the dosage is, the
longer is the duration of the steroid-induced ocular hyper-
tension (5-7, 9, 10, 19-21, 27, 39-43). The frequency of
secondary ocular hypertension may not directly be corre-
lated with the dosage injected. About 40% of the eyes of
the present study developed an intraocular pressure high-
er than 21 mmHg. That number is comparable with the re-
sults of another previous study on the high-dosage use of
triamcinolone acetonide as well as with studies using the

low dosage of triamcinolone acetonide (5-7, 9, 10, 19-21,
27, 39-43). In the study performed by Smithen and collab-
orators with the intravitreal use of 4 mg triamcinolone
acetonide, a pressure elevation defined as a pressure of
24 mmHg or higher during follow-up was found in 36
(40.4%) of 89 patients at a mean of 101 ± 83 days after
the injection (42). In the study carried out by Park and col-
leagues on 60 patients receiving 4 mg intravitreal triamci-
nolone acetonide, the mean intraocular pressure peaked
at 2 months (p<0.001) after the injection (43). Twenty-six
eyes (43.3%) showed a significant elevation in intraocular
pressure. Interestingly, the frequency of a rise in intraocu-
lar pressure in a recent study on 32 eyes with a history of
recurrent noninfectious posterior uveitis and receiving the
i n t r a v i t real fluocinolone acetonide implant was 56.1%
over the follow-up period compared with 11.0% at base-
line of the study (44).

The present study may be too small to adequately ad-
d ress safety questions other than intraocular pre s s u re .
P revious investigations have shown, however, that side
e ffects include cataract, secondary ocular hypertension
leading in some patients to secondary chronic open-angle
glaucoma, and postinjection infectious endophthalmitis
(27, 31-34). Although not systematically evaluated in the
present study, the probability for cataract surgery within 1
year after an intravitreal injection of about 20 mg triamci-
nolone acetonide in elderly patients was recently estimat-
ed to be about 15% to 20% if the high dosage of triamci-
nolone acetonide was used (34, 45). Another safety issue
may be an injection-related infectious endophthalmitis,
particularly because diabetes mellitus leads to an in-
creased susceptibility to infection. The injection of an im-
m u n o s u p p ressive drug such as triamcinolone acetonide
may further increase the risk for an infectious endoph-
thalmitis. Recent studies have suggested, however, that if
the injection is carried out under sterile conditions, the
rate of an infectious endophthalmitis after an intravitre a l
injection of triamcinolone acetonide may be about 1:500
to 1:1,000 (27, 32, 33, 46).

There are limitations to the present study. The effect of
the treatment was not controlled by optical coherence to-
mography, which allows an objective determination of the
thickness of the macula as measure of macular edema.
Since, however, a decrease in macular thickness is not
necessarily associated with an increase in visual acuity,
the measurement of subjective visual acuity may be an al-
ternative to monitor the effect of the therapy. In a similar
manner, a change in the amount of lipid exudation into the
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retinal tissue in form of hard exudates was not systemati-
cally assessed (47). But again, the more important out-
come measure of the treatment may be an improvement
in function as assessed with visual acuity measurements
rather than an improvement in the appearance of the fun-
dus. Another limitation of the study is that, although in-
t r a v i t real triamcinolone will have increased the cataract,
the pro g ression in lens opacity was not routinely as-
sessed. Neither was cataract surgery performed during
follow-up. The vision reducing effect of pro g re s s i v e
cataract, however, might have hidden parts of a vision-im-
proving effect of triamcinolone. 

In conclusion, the data of the present study suggest
that intravitreal high-dosage triamcinolone acetonide may
i m p rove vision and increase intraocular pre s s u re of pa-
tients with diffuse diabetic macular edema for a period of
about 6 to 8 months. 

The authors have no proprietary interest.
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