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Abstract

Purpose To detect and compare the vessel
diameter effect of intravitreal vs subtenon
injection of triamcinolone for diabetic
macular edema (DME).
Methods Sixty patients with DME who
underwent triamcinolone injection either
intravitreally (N= 30) or under the tenon
capsule (N= 30) were included. Non-injected
fellow eyes served as control. The main
outcome measures were central retinal artery
equivalent (CRAE), central retinal vein
equivalent (CRVE), and artery–vein
ratio (AVR).
Results In the intravitreal group, pre-
injection mean CRAE (147.07 μ) decreased to
141.03 μ at 1 week and to 139.43 μ at 1 month
(Po0.001) while baseline CRVE (209.61 μ)
decreased initially to 198.85 μ at 1 week then
to 198.49 μ at 1 month (Po0.001). In the
subtenon group, pre-injection CRAE (152.18 μ)
decreased to 149.49 μ at 1 week and to 147.47
μ at 1 month (P= 0.017), while baseline CRVE
(215.60 μ) decreased initially to 208.69 μ at
1 week then to 207.25 μ at 1 month (P= 0.003).
Pre-injection AVR values did not change at
1 week and at 1 month in both injection
groups (P= 0.66 and P= 0.196, respectively).
In the control group, none of the 3
parameters changed throughout the study
period compared to the baseline (P40.28).
Conclusion In eyes with DME, both
intravitreal and subtenon triamcinolone
injection led to a significant constriction of
retinal arteries and veins.
Eye (2017) 31, 1155–1162; doi:10.1038/eye.2017.46;
published online 24 March 2017

Introduction

Diabetes mellitus (DM) is the most important
systemic disease that gives rise to blindness, and
it is the leading cause of visual function loss in

people between 20 and 65 years of age.1 The
most common cause of vision loss in patients
with DM is diabetic maculopathy, and the most
common cause of visual acuity loss in diabetic
maculopathies is diabetic macular edema
(DME).2

The exact pathogenesis of diffuse DME
remains unclear. However, endogenous factors
released by ischemic retinas are thought to break
down the integrity of the blood–retina barrier.
Prostaglandins, which cause an increase in
vascular permeability, are the main endogenous
factors. Cystoid changes characterized by diffuse
intraretinal and subretinal macular fluid
accumulation due to an increase in vascular
permeability may also be observed in DME.
Focal macular edema occurs as the result of
leakage from microaneurysms and dilated
capillaries. Although the efficacy of laser
photocoagulation has been shown in focal
edemas, its effects are poor in diffuse DME.1,3–5

In addition to evidence showing that retinal
vein thickness is affected by systemic
inflammation, there are studies revealing that
the retinal vein thickness of patients with
diabetes and impaired fasting glucose is larger
than that of individuals with normal fasting
glucose.6–10 Inflammation and endothelial
dysfunction are thought to be associated with
enlargement of the retinal vein diameter in
patients with diabetes and impaired fasting
glucose.11 Diabetic retinopathy, hyperglycemia,
and hypoxia induce retinal vasodilatation and
lead to vascular hyperperfusion.12,13

Corticosteroids are effective in treating DME
due to their anti-inflammatory influence, by
reducing vascular endothelial growth factor
(VEGF) levels, and their stabilizing effect on the
blood–retina barrier.14 VEGF, which is known as
vascular permeability factor, shows this effect by
increased phosphorylation of tight junction
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proteins, leading to increased retinal vascular
permeability.15

The aim of this study is to compare the effect of a single
dose of intravitreal triamcinolone (IVT) injection with
subtenon triamcinolone (STT) injection on retinal vessel
diameters for the treatment of DME.

Materials and methods

The study was conducted in accordance with the
principles of the Declaration of Helsinki, and medical
ethics committee approval was received. Written
informed consent was obtained from each participant.

Patients

The data of this study were obtained from 120 eyes of 60
patients (mean age 59.8± 8.3 years), consisting of 23
(38.3%) males and 37 (61.7%) females. The injected eyes
were the study group while the fellow eyes served as the
control group.
DME was detected with biomicroscopic fundus

examinations and confirmed by fundus fluorescein
angiography and optical coherence tomography (OCT).
Patients who had not received retinal laser treatment
within the last 6 months were included in the study. Eyes
with a central macular thickness (CMT) of 300 μ or greater
and with best-corrected visual acuity (BCVA) of 20/40 or
less were selected as the injection group. The exclusion
criteria were as follows: Patients with other ocular
pathologies, such as uveitis, vitreomacular traction,
stretched and attached posterior hyaloid, retinal vein
occlusion, epiretinal membrane, and age-related macular
degeneration that could lead to macular edema, and
patients with uncontrolled glaucoma and hypertension
(4160/90 mmHg) despite medical therapy, smokers
(current smoker or having smoked 4100 cigarettes in the
patient’s lifetime),16 high myopia (o− 6.0 diopters), high
hyperopia (4+4.0 diopters), a history of refractive
surgery, and only-eye patients were excluded from
this study.
All patients underwent a complete ophthalmologic

examination prior to injections. Visual acuity was
determined based on the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart, and intraocular
pressure (IOP) values were measured with Goldmann
applanation tonometry. Slit lamp biomicroscopic
examinations of the anterior segment were performed.
Posterior segments were examined using indirect
ophthalmoscopy and a +90 diopter lens, and the findings
were recorded. Following the pharmacologic pupillary
dilation, color fundus photographs (Digital Fundus
Camera Canon CF-60DS, Canon Inc., New York, NY,
USA) and OCT images (Cirrus HD-OCT 4000 model,

software version 5.1.1.6 Carl Zeiss Meditec, Dublin, CA,
USA) were obtained.

Triamcinolone acetonide injection

IVT injection was performed by an experienced physician
in sterile conditions. Topical anesthetic was applied to the
ocular surface, followed by preparation with 5%
povidone iodine for at least two minutes. A total of 2 mg/
0.05 ml of triamcinolone acetonide was injected into the
mid vitreous with a 27-gauge needle 4 mm behind the
limbus in patients who had not undergone cataract
surgery, and 3.5 mm behind the limbus in patients who
had undergone cataract surgery. Immediately after the
needle was pulled back following injection, short-term
pressure was gently applied with a cotton-tipped
applicator to the injection point to prevent vitreous
leakage and conjunctival hemorrhaging. A topical
antibiotic was prescribed four times a day for 7 days after
the injection.
For the posterior STT injection, following the same

procedures as IVT in sterile conditions, a small incision
(8 mm posterior to the limbus) was made through the
conjunctiva and tenon capsule to bare sclera using a
scissors. A total of 1 ml of a 40 mg/ml of triamcinolone
acetonide was injected in the infero-temporal quadrant
using a curved blunt cannula connected to a 2.5-ml
syringe. After injection, a topical antibiotic drop was
prescribed four times a day for 7 days.
All patients were invited to the clinic the next day, and

biomicroscopic slit lamp examinations were performed
and visual acuity and IOP values were measured. Earliest
color fundus images for vessel diameter measurements
were obtained 1 week after injections, as previously
suggested.17

Patients were examined at 1 week and 1 month in the
post-injection period. The same parameters were studied
by performing detailed ophthalmological examinations in
all visits, and OCT images and IOP measurements were
repeated. Topical glaucoma treatment was started in
patients with IOP measuring over 21 mmHg. After
assessment of IOP, pupils were dilated and color fundus
photographs were obtained. Identified complications
were recorded.

Measurement system of retinal vascular caliber

IVAN (with permission from Knudtson MD, University
of Wisconsin, Madison, WI, USA) is a semi-automated
system used to measure the width of retinal vessels using
a digital retinal image (Nicole J. Ferrier, College of
Engineering, Fundus Photography Reading Center,
University of Wisconsin, Madison, WI, USA).18,19 Three
concentric rings centered on the optical disc were placed
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to determine the vascular measurement field, and thus
two zones were formed. Zone A was defined as the area
from the disc margin to half-disc diameter, and zone B
was defined as the area from half-disc diameter to 1 disc
diameter (from the disc margin). All retinal vessel
diameters were measured by another masked researcher
through zone B. Central retinal artery equivalent (CRAE)
and central retinal vessel equivalent (CRVE)
measurements were performed using the formula created
by Hubbard19 and later revised by Knudtson20 (Figure 1).
Before obtaining the study parameters, blood pressure,

pulse rate, and respiration rate of the participants were
measured after 5 min resting in a sitting position during
every visit. Fundus imaging and IOP assessments were
postponed unless the patients had blood pressure, pulse
rate, and respiration rate values similar to those noted at
the baseline.

Statistical analysis

To assess the results obtained in this study, SPSS
(Statistical Package for Social Sciences) for Windows 18.0
software was used for statistical analysis. Continuous
variables were expressed as ‘mean± SD.’ Eligibility of all
quantitative variables to normal distribution was assessed
by the Kolmogorov–Smirnov test for statistical analysis.
Because data conformed to a normal distribution, a
‘repeated variance analysis’ test was used to compare the
many repeated measurements within the groups. The
Bonferroni test was used as a post hoc test. Intergroup
analyses were performed using an ‘independent samples
t-test.’ Pearson’s test was used to discover possible linear

correlations between vessel size parameters and CMT as
well as IOP. Fisher’s exact test was used to determine
possible nonrandom associations between two categorical
variables. Po0.05 was considered to represent statistical
significance.

Results

IVT group

There were 30 patients, consisting of 15 (50%) males and
15 (50%) females in the IVT group. Eighteen (60%) eyes
were phakic and 12 (40%) eyes were pseudophakic in the
study group, and 19 (63.3%) eyes were phakic and 11
(36.3%) eyes were pseudophakic in the non-injected
fellow eyes (control group).
Baseline BCVA (0.86± 0.55, logMAR) improved

immediately to 0.76± 0.52 at 1 week and to 0.71± 0.51 at
1 month (P= 0.009), and pre-injection CMT
(507.87± 124.87 μ) decreased to 323.27± 76.17 μ at 1 week
and to 354.80± 108.48 μ at 1 month after the injection
(Po0.001).
Baseline CRAE, CRVE and AVR levels in the study

group were similar to those of the control group
(P= 0.976, P= 0.969 and P= 0.929). IVT injection caused a
significant decrease of baseline CRAE and CRVE and
unaltered AVR values throughout the study period,
whereas no alteration of these parameters was observed
in the non-injected fellow eyes (Table 1).
After IVT injection, 21 mmHg or higher IOP was

observed in 3 eyes at 1 week and 4 eyes at 1 month.
Baseline IOP (16.6± 2.9 mmHg) elevated to
18.5± 3.4 mmHg at 1 week and 18.9± 3.6 mmHg at

Figure 1 Digitized retinal photograph. Zone A is a half-disc diameter from the optic disc margin and Zone B is a half-disc to one and a
half-disc diameter from the optic disc margin. Retinal vessel diameter measurements are performed by IVAN in Zone B.
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1 month (Po0.001) while no significant change of baseline
IOP (16.8± 2.8 mmHg) was observed in the control group
during the study period (16.8± 3.2 mmHg and
15.57± 3.0 mmHg, P= 0.061).
In IVT-injected eyes, CRVE showed a positive

correlation with CMT at 1 week (r= 0.50, P= 0.005) and at
1 month (r= 0.37, P= 0.045). At 1 week, CRVE was
negatively correlated with IOP (r=− 0.39, P= 0.034).

STT group

STT group data were obtained from 8 (26.7%) males and
22 (73.3%) females. Eighteen (60%) eyes were phakic
while 12 (40%) were pseudophakic in the study group,
and 17 (56.7%) phakic eyes and 13 (43.3%) pseudophakic
eyes were present in the non-injected fellow eyes (control
group).
Baseline BCVA (0.66± 0.55) improved to 0.59± 0.41 at

1 week and 0.49± 0.35 at 1 month (P= 0.005), whereas
pre-injection CMT (443.56± 108.56 μ) decreased to
393.63± 88.46 μ at 1 week and to 374.80± 95.97 μ at
1 month after the injection (Po0.001).
Baseline CRAE, CRVE, and AVR in the study group

was similar to that of the control group (P= 0.296,
P= 0.732, and P= 0.289, respectively). STT injection
caused a significant decrease in baseline CRAE and CRVE
while AVR values were unchanged throughout the study
period. No alteration of these parameters was observed in
the non-injected fellow eyes (Table 2).
After STT injection, 21 mmHg or higher IOP was

observed in 5 eyes at 1 week and 2 eyes at 1 month.
Baseline IOP (15.2± 3.2 mmHg) elevated to
18.7± 3.9 mmHg at 1 week and 17.7± 3.1 mmHg at
1 month (P= 0.02) while no significant change of baseline
IOP (14.7± 3.2 mmHg) was observed in the control group
during the study period (15.4± 3.5 mmHg and
15.6± 3.9 mmHg, P= 0.765).
In STT-injected eyes, AVR was negatively correlated

with CMT at 1 week (r=− 0.37, P= 0.044). At 1 month,

CRAE was positively correlated with IOP (r= 0.37,
P= 0.047).

IVT vs STT

There were no differences in the values of CRAE, CRVE,
and AVR in the IVT and STT study groups at baseline,
1 week, and 1 month after injection (P40.12; Table 3).
After IVT and STT injections, there were no differences
between topical glaucoma medication users at 1 week
(3 eyes vs 5 eyes respectively, P= 0.706) and at 1 month
(4 eyes vs 2 eyes respectively, P= 0.433).

Discussion

Vasodilatation occurs in response to inflammation and
plays an especially important role in DME formation.6

There are studies indicating that the retinal vein diameters
of patients with diabetes are larger than those of
individuals with normal fasting glucose.8,9 In addition,
some studies have shown that both artery and vein
diameters are larger in patients with diabetes.7–12 The
biological mechanism underlying the relationship of DM
with the enlargement of retinal vein diameters is not yet
clear, but it is thought that inflammation and endothelial
dysfunction are associated with the enlargement of retinal
vein diameters in diabetic retinopathy.10,11

Corticosteroids are widely used for the treatment of
DME. For this purpose, IVT, and STT injections are
performed. Similar clinical results have been obtained
with both administrations,21–24 although there is some
evidence from a systematic review and meta-analysis
showing that IVT injection is more effective for short-term
management of refractory diffuse DME than STT
injection.25

The mechanism of action of intravitreal triamcinolone is
proposed to be changes in retinal vessel diameters and
perfusion regulations.26–31 Corticosteroids are effective in
DME due to their anti-inflammatory effects, by reducing
VEGF levels, and their stabilization effects on the blood–

Table 1 Alteration of study parameters within the intravitreal triamcinolone-injected eyes (IVT study group, n= 30) and the non-
injected fellow eyes (control group, n= 30)

Groups Parameters Pre-injection 1 week 1 month P-value

CRAE 147.07± 22.33 141.03± 21.61 139.43± 19.17 o0.001a

IVT CRVE 209.61± 26.84 198.85± 28.32 198.49± 27.20 o0.001a

AVR 0.70± 0.08 0.72± 0.08 0.71± 0.08 0.66
CRAE 146.91± 18.84 148.61± 20.12 147.54± 21.79 0.72

Control CRVE 209.90± 30.58 209.02± 30.96 209.88± 32.72 0.99
AVR 0.71± 0.07 0.71± 0.09 0.72± 0.09 0.30

Abbreviations: AVR, artery to vein ratio; CRAE, central retinal artery equivalent (μ); CRVE, central retinal vein equivalent (μ); IVT, intravitreal
triamcinolone. a Statistically significant with analysis of variance test, data were expressed as mean± SD.
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retina barrier.14 It is thought that VEGF carries out its
vascular effects via nitric oxide, which is a potent
vasodilator.32 Nitric oxide plays an important role in
retinal arteriolar tone and retinal blood flow
autoregulation via its vasodilator effect.33

Vinten et al28 indicated that a single-dose 4 mg/0.1 ml
IVT injection demonstrated a statistically significant
reduction in both retinal arteriole and venule diameters in
patients with DME 1 week after the injection. Our study
showed significant vasoconstriction of retinal vessels even
with half (2 mg) of the drug dose used in their study.
Similar to our study’s design, Vinten et al28 applied IVT
injections to 1 eye of 7 patients and considered the other
(non-injected) eye as the control group. In addition, the
authors also evaluated blood–retina barrier permeability:
there was a significant decrease in the permeability of the
blood–retina barrier consistent with the decrease in the

diameters of the retinal arteries and veins. Non-injected
fellow eyes showed no alteration.28 Sander et al29 reported
that the increase in the permeability of the blood–retina
barrier is coherent with retinal thickness and retinal vessel
diameter changes in patients with DME.
Wickremasinghe et al30 demonstrated a reduction in the

diameters of both arterioles and venules 3 months after a
single-dose 4 mg/0.1 ml IVT injection in patients with
refractory DME. There were 13 eyes in the injection group
and 15 eyes in the placebo group, and the significant
changes obtained in the injection group were not
observed in the placebo group.
Some studies have indicated that injection of IVT has a

significant effect on ocular hemodynamics. Çekiç et al26

observed a significant reduction in end-diastolic arterial
blood velocity of posterior ciliary arteries in patients with
DME 1 month after the injection of IVT. However, they
reported that these changes returned to baseline values
within 3 months. Anayol et al34 indicated that peak
systolic velocity increased in ophthalmic arteries, whereas
it decreased in central retinal arteries in patients with
DME 1 month after IVT injection. Shahin et al35

demonstrated that IVT resulted in a decrease of end-
diastolic velocity in ophthalmic arteries and central retinal
arteries, and a reduction of peak systolic velocity in
posterior ciliary arteries at 1 day and 1 week after
injection.
Although some studies have examined the effects of

IVT on retinal vessel calibers, to our knowledge, no study
has yet documented the effect of STT on retinal vessel size
or the comparative effects of IVT vs STT injections on
retinal vessel diameters in diabetics.
In our study, statistically significant reductions in

CRAE and CRVE values were obtained following both
IVT and STT injections. We think that correlation of these
values with reductions in CMT after IVT and STT
injections will be useful in understanding DME and the
action mechanism of triamcinolone. IVT and STT
injections were proposed to lead to a decline in vascular
permeability and leakage as a result of a decrease in

Table 2 Alteration of study parameters within the subtenon triamcinolone-injected eyes (STT study group, n= 30) and the non-injected
fellow eyes (control group, n= 30)

Groups Parameters Pre-injection 1 week 1 month P-value

CRAE 152.18± 18.10 149.49± 20.56 147.47± 20.53 0.017a

STT CRVE 215.60± 32.05 208.69± 36.87 207.25± 35.34 0.003a

AVR 0.715± 0.095 0.730± 0.099 0.726± 0.105 0.196
CRAE 146.24± 25.02 152.50± 23.40 148.68± 20.43 0.768

Control CRVE 212.87± 29.42 217.10± 33.11 214.11± 31.36 0.283
AVR 0.689± 0.090 0.692± 0.076 0.699± 0.084 0.394

Abbreviations: AVR, artery to vein ratio; CRAE, central retinal artery equivalent (μ); CRVE: central retinal vein equivalent (μ); STT, subtenon triamcinolone.
a Statistical analysis was calculated by analysis of variance test, data were expressed as mean± SD.

Table 3 Alteration of study parameters comparing the sub-
tenon triamcinolone-injected eyes (STT study group, n= 30) and
the intravitreal triamcinolone-injected eyes (IVT study group,
n= 30)

Parameters IVT STT P-value

CRAE
Pre-injection 147.07± 22.33 152.18± 18.10 0.335
1 week 141.03± 21.61 149.49± 20.56 0.126
1 month 139.43± 19.17 147.47± 20.53 0.123

CRVE
Pre-injection 209.61± 26.84 215.60± 32.05 0.436
1 week 198.85± 28.32 208.69± 36.87 0.251
1 month 198.49± 27.20 207.25± 35.34 0.286

AVR
Pre-injection 0.703± 0.083 0.715± 0.095 0.631
1 week 0.716± 0.080 0.730± 0.099 0.569
1 month 0.707± 0.082 0.726± 0.105 0.450

Abbreviations: AVR, artery to vein ratio; CRAE, central retinal artery
equivalent (μ); CRVE, central retinal vein equivalent (μ); IVT, intravitreal
triamcinolone; STT, subtenon triamcinolone. Statistical analysis was
calculated by analysis of independent samples t-test, data were expressed
as mean± SD.
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retinal vessel diameters.36 Moreover, it is known that
triamcinolone effects vascular permeability via VEGF
inhibition, in addition to its anti-inflammatory effect.37

In our study, some correlations were detected between
vessel size and CMT after triamcinolone injection. We
believe that the significant constriction of retinal vessels
with IVT and STT probably contributed to certain clinical
outcomes, such as the decrease in CMT, which also
yielded an improvement in BCVA. However, it should be
kept in mind that vessel size alteration is not the only
cause for CMT: variable metabolic and local factors act in
a concerted manner in the etiopathogenesis of DME.
It has been reported that an IOP increase was observed

in 20–80% of patients injected with IVT.37–40 An IOP
increase has also been indicated after STT injection.41 In
the study conducted by Byun and Park42 to evaluate the
complications and safety profile of STT, 18 of 159 eyes
required glaucoma medication due to increased IOP after
injection, but the IOP in all eyes was well controlled with
the use of glaucoma medication. High IOP (26 mmHg)
was observed in only 1of 22 eyes in the study conducted
by Özkurt et al,43 and it was controllable by medication.
Kawamura et al44 demonstrated that repeated injections of
STT increase the incidence of IOP elevation. Moreover,
the elevation of IOP is more pronounced after IVT
injections compared to STT injections.25 Similar IOP
elevation was observed following both forms of
triamcinolone injection in our study. However, there was
no difference in the number of topical glaucoma
medication users after IVT and STT injections during the
study period. Normotensive values were achieved
without the need for glaucoma surgery.
Retinal vessel diameters are also important in terms of

glaucoma. There are some reports that have
demonstrated a relationship between glaucoma and
retinal vessel calibers.45–47 Retinal vessel diameter studies
may also allow us to better understand the behavioral
patterns of vessel calibers at various IOP levels after
triamcinolone administrations. Our study revealed a
negative correlation between IOP and CRVE in IVT-
injected eyes at 1 week, and a positive correlation
between IOP and CRAE after STT-injected eyes at
1 month.
The current study revealed relatively short-term effects

of IVT or STT injection on retinal vessel calibers. Further
studies to examine drug effects on vessel size for longer
periods of time, with a much higher number of
participants and also preferably accompanied by the
detection of retinal hemodynamics, are warranted.
In summary, similar anatomic and functional

improvements occurred after both IVT and STT
administrations in diabetic eyes. Significant
vasoconstriction in the retinal vessels was demonstrated
following either method of triamcinolone injection. This

study also revealed some correlations between retinal
vessel size and central macular thickness as well as
intraocular pressure values following triamcinolone
injection.

Summary

What was known before
K Retinal vein thickness is affected by systemic

inflammation, there are studies revealing that the retinal
vein thickness of patients with diabetes and impaired
fasting glucose is larger than that of individuals with
normal fasting glucose.

What this study adds
K In eyes with DME, both intravitreal and subtenon

triamcinolone injection led to a significant constriction of
retinal arteries and veins. Also some correlations between
retinal vessel size and central macular thickness as well as
intraocular pressure values following triamcinolone
injection.
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