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Abstract: Purpose: To determine whether foveal thickness, foveal volume, visual acuity, and foveal sensitivity after
intravitreal injection of triamcinolone acetonide (IVTA) are influenced by the extent of occlusion (major versus macular
branch retinal vein occlusion (BRVO)).

Materials and Methodology: In this interventional case series, 22 eyes of 22 BRVO patients with macular oedema were
treated by IVTA. Patients were divided into 2 groups according to the site of occlusion, with the Major group having
occlusion of a major retinal vein and the Macular group having occlusion of a macular venule. Foveal sensitivity was
measured by microperimetry before IVTA and 3 and 6 months after IVTA. Visual acuity was converted to logarithm of
the minimal angle of resolution (logMAR) values. Foveal thickness and macular volume were measured by optical
coherence tomography before IVTA and 3 and 6 months after IVTA.

Results: Foveal thickness and foveal volume showed significant improvement from before to 3 and 6 months after IVTA
in both groups (all P<0.001). Visual acuity also showed significant improvement from before to 3 and 6 months after
IVTA in both groups (P=0.001 and P=0.022, respectively). Moreover, foveal sensitivity was significantly improved from
before to 3 and 6 months after IVTA in the Major group (P<0.001). Foveal sensitivity also increased from before to 3 and
6 months after IVTA in the Macular group, but not significantly. There were no significant differences in the trend
profiles of foveal thickness, foveal volume, visual acuity, and foveal sensitivity between the Major and Macular groups.

Conclusions: These results suggest that IVTA may be effective for improving foveal morphology, visual acuity, and
foveal sensitivity in BRVO patients regardless of the site of occlusion.
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INTRODUCTION

In patients with branch retinal vein occlusion (BRVO),
macular oedema is the complication that is most likely to
threaten vision [1]. An increase of pressure in the macular
capillaries leads to impairment of the endothelial blood-
retinal barrier and increases vascular permeability, resulting
in the onset of macular oedema [2]. Clinically, BRVO is
classified into major (first-order) and macular (second-order)
subtypes based on the site of occlusion [3, 4]. In many
respects, the clinical and angiographic findings of patients
with macular BRVO resemble those of patients with major
BRVO. The severity of major BRVO depends on the vein
that is occluded and there can be a wide range of
complications. While patients with macular BRVO are
unlikely to develop neovascularization because of the
smaller area of the retina affected, they frequently suffer
from macular oedema and visual impairment [5].
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Macular oedema in BRVO patients can be treated by the
intravitreal injection of anti-VEGF agents [6] or
triamcinolone acetonide (IVTA) [7], as well as by grid laser
photocoagulation [8] and pars plana vitrectomy (PPV) [9].
All of these methods have been reported to improve both
visual acuity and macular oedema. However, previous
studies evaluated visual function on the basis of visual acuity
alone, although macular oedema usually involves the macula
beyond the fovea, suggesting that an objective and
reproducible method of measuring retinal function could
provide more accurate assessment of the response to
treatment. The Micro Perimeter 1 (MP-1) is an instrument
that measures retinal sensitivity and it combines digital
fundus imaging with automated perimetry [10]. We
previously demonstrated that retinal thickness and retinal
volume are more closely associated with retinal sensitivity
than with best-corrected visual acuity (BCVA) in BRVO
patients who had macular oedema [11]. Thus, visual acuity
(which only reflects foveal function) may be an inadequate
parameter for evaluating the response of these patients to
treatment, and it is possible that the functional prognosis
could be better assessed by measuring retinal sensitivity with
the MP-1. However, little is known about the influence of

2012 Bentham Open



Foveal Sensitivity and Major/Macular BRVO

the site of occlusion on retinal sensitivity in BRVO patients
after IVTA. Accordingly, we investigated whether foveal
thickness, foveal volume, visual acuity, and foveal
sensitivity after IVTA were influenced by the site of
occlusion (major versus macular) in patients with BRVO.

MATERIALS AND METHODOLOGY

Patients

We studied 22 consecutive patients (22 eyes) who had
macular oedema with BRVO and were treated with IVTA.
Between July 2008 and August 2011, these 22 patients with
a mean age of 69.4 + 9.4 years (15 women and 7 men) were
prospectively enrolled in this uncontrolled study at the
Department of Ophthalmology of Tokyo Women’s Medical
University. Each patient received a comprehensive
ophthalmologic examination, including the measurement of
BCVA and intraocular pressure (IOP), indirect
ophthalmoscopy, and slit-lamp biomicroscopy with a contact
lens before IVTA and at 3 and 6 months after treatment. We
graded nuclear, posterior subcapsular, and cortical cataract
according to the new World Health Organization Simplified
Cataract Grading System, and subjects with cataract>grade 11
(nuclear, posterior subcapsular, or cortical) were defined as
having cataract [12]. This study was approved by the
Institutional Ethics Committee and adhered to the tenets of
the Declaration of Helsinki. Informed consent was provided
in writing by each patient.

The inclusion criteria were eyes with a foveal thickness
greater than 300 um and a visual acuity equal to or less than
20/33.3. The following 8 exclusion criteria were employed:
prior ocular surgery, diabetes mellitus with diabetic
retinopathy, prior macular laser photocoagulation, prior
intravitreal treatment with anti-VEGF agents or prior IVTA,
prior ocular inflammation, severe retinal haemorrhage
(including bleeding that involved the intrafoveal or
subfoveal spaces), coexisting epiretinal membrane or
glaucoma, and retreatment during the 6-month follow-up
period. Patients with severe retinal haemorrhage were
excluded because of possible bias when assessing visual
function. Among the 22 patients, 13 had superior BRVO and
9 had inferior occlusion. The patients were divided into 2
groups according to the site of venous occlusion; Major
group (occlusion of one of the major branch retinal veins)
and Macular group (occlusion of one of the macular venules)
[3, 4].

Treatment by IVTA

In all 22 patients, IVTA was delivered under local
anaesthesia. Each patient received 4.0 mg of triamcinolone
acetonide in a volume of 0.1 ml. Both groups were assessed
according to the same study protocol. Injection was done
through the pars plana (3-4 mm posterior to the limbus) with
a sterile technique, and prophylactic topical antibiotics were
applied for 1 week afterward. Patients were followed for at
least 6 months. Recurrence of macular edema was defined as
an increase of foveal thickness by >100 um compared with
that at 3 months after IVTA in patients whose foveal
thickness had decreased to <300 um at 3 months [13].
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Macular oedema recurred in 4/22 eyes (18%) from the Major
group, but these 4 patients refused further treatment.

Fundus Examination

At Dbaseline ophthalmoscopy and biomicroscopic
examination using a slit-lamp with a fundus contact lens
were performed. Patients also underwent standard fundus
color photography and fluorescein angiography, using a
Topcon TRC-50EX fundus camera, image-net system
(Tokyo Optical Co. Ltd., Japan), and preset lens with a slit-
lamp.

To assess ischaemic retinal vascular occlusion, the
ischaemic area of the retina was measured angiograms by a
masked grader using Scion Image public domain software
[14-16]. In brief, the optic disc was outlined with a cursor
and its area was measured. Then the nonperfused part of the
retina was outlined and its area was determined, after which
the nonperfused area was divided by the disc area to
calculate an index of retinal ischaemia. Thus, we used the
disc area as a unit to evaluate the ischemic area.

Measurement of BCVA

Each patient underwent measurement of BCVA in
decimal units on a Landolt chart by an orthopticist using an
SC-2000 System (Nidek, Gamagori, Japan). Chart brightness
was set at 80-320 cd/m” and contrast was set at more than
74%. Data were converted to the logarithm of the minimum
angle of resolution scale (logMAR).

Optical Coherence Tomography

An OCT 3000 Zeiss or Cirrus HD-OCT instrument (Carl
Zeiss Meditec, Dublin, CA, USA) was used to measure the
foveal thickness. Measurement was done in the vertical
cross-section with the instrument centered on the fovea and
in the fast macular thickness mode. The foveal thickness was
defined as the distance between the inner surface of the
neurosensory retina and the retinal pigment epithelium.
Foveal thickness and foveal volume were respectively
calculated as the average retinal thickness and volume within
a circle of 500 um radius centered on the fovea. These
measurements were automatically performed by computer
software.

Microperimetry

Fundus-monitored microperimetry was done with an MP-
1 system (Nidek, Gamagori, Japan), using an infrared fundus
camera controlled by software that automatically tracked
movement of the fundus (evaluating shifts in the x and y
directions with respect to a reference frame obtained at the
start of examination). In all examinations, Goldmann III
stimuli were randomly presented according to a 4-2-1 double
staircase strategy. Stimulus intensity was varied from 0 to 20
decibels (dB) (0 dB corresponded to the strongest signal
intensity of 127 cd/m?) in 1-dB increments, and the stimulus
duration was set at 200 ms. The size of the target for fixation
was varied according to the patient's visual acuity.
Background illumination was set at 1.27 cd/m’. Foveal
sensitivity was calculated as the average retinal sensitivity
within a circle of 500 um radius centered on the fovea, and



106 The Open Ophthalmology Journal, 2012, Volume 6

was determined at five locations covering the central 4° field

[11].

Statistical Analysis

All analyses were performed with SAS System 9.1
software (SAS Institute Inc., Cary, North Carolina, USA).
Results are presented as the mean + SD or as the frequency.
One-way or two-way repeated measures ANOVA and a
post-hoc #-test with Bonferroni’s correction were used to
evaluate changes of foveal thickness and volume, visual
acuity, and foveal sensitivity. Two-tailed P values of less
than 0.05 were considered to indicate statistical significance.

RESULTS

The characteristics of the Major and Macular groups are
summarized in Table 1. Among the 22 patients with BRVO,
15 were assigned to the Major group and 7 to the Macular
group. The mean age, female/male ratio, prevalence of
hypertension, systolic blood pressure, diastolic blood
pressure, prevalence of hyperlipidaemia, and duration of
BRVO were similar in the Major and Macular groups
(P=0.230, P=0.448, P=0.823, P=0.131, P=0.839, P=0.899,
and P=0.094, respectively), but the nonperfused area was
significantly larger in the Major group than the Macular
group (P=0.006).

Table 1. Baseline Clinical Features of the Two Groups
Findings Mijor Mac_ular P

(N=15) (N=7) Value

Age (years) 67.749.4* | 73.0£9.0* | 0.230
Gender (female/male) 11/4 4/3 0.448
Hypertension 10 5 0.823
Systolic blood pressure (mmHg) 133+13¢ 143£15* | 0.131
Diastolic blood pressure (mmHg) 84+12* 85+13* 0.839
Hyperlipidemia 9 4 0.899
Duration of BRVO (months) 3.6+1.6" | 5.4+33% | 0.094
Nonperfused area (disc areas) 50.6£37.0° | 6.2£12.0° | 0.006

BRVO=branch retinal vein occlusion; ‘Mean * standard deviation (SD).

In both groups, foveal thickness and foveal volume
showed a significant decrease from before IVTA to 3 and 6
months after IVTA (all P<0.001, one-way repeated measures
ANOVA). Foveal thickness and volume decreased
significantly from before IVTA to 3 or 6 months after IVTA
in both groups (all P<0.01, post-hoc #-test with Bonferroni’s
correction) (Fig. 1A, B). However, foveal thickness and
volume both increased from 3 to 6 months after IVTA in the
Major group, although not significantly (P=0.152 and
P=0.135, respectively, post-hoc f-test with Bonferroni’s
correction) (Fig. 1A, B). There were no significant
differences in the trend profiles of foveal thickness and
volume between the Major group and the Macular group
(P=0.457 and P=0.476, respectively, two-way repeated
measures ANOVA) (Fig. 1A, B).
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Fig. (1). Trend profiles of foveal thickness and volume after
intravitreal injection of triamcinolone acetonide (IVTA) in
BRVO patients with macular oedema. (A) In the Major group
and the Macular group, the foveal thickness decreased significantly
from before IVTA to 3 and 6 months after IVTA (P<0.001 and
P<0.001, respectively). There was no significant difference in the
trend profile of foveal thickness between the two groups (P=0.457).
(B) In the Major group and the Macular group, the foveal volume
decreased significantly from before IVTA to 3 and 6 months after
IVTA (P<0.001 and P<0.001, respectively). There was no
significant difference in the trend profile of foveal volume between
the two groups (P=0.476).

In the Major group and the Macular group, visual acuity
showed significant improvement from before IVTA to 3 and
6 months after IVTA (P=0.001 and P=0.022, respectively,
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one-way repeated measures ANOVA) (Fig. 2A). In the
Major group, foveal sensitivity also showed a significant
increase from before IVTA to 3 and 6 months after IVTA
(P<0.001, one-way repeated measures ANOVA). Although
foveal sensitivity increased from before IVTA to 3 and 6
months after IVTA in the Macular group as well, the
changes were not significant (P=0.456, one-way repeated
measures ANOVA) (Fig. 2B). There were no significant
differences in the trend profiles of visual acuity and foveal
sensitivity between the Major and Macular groups (P=0.640
and P=0.502, respectively, two-way repeated measures
ANOVA) (Fig. 2A, B).

Up to 6 months after IVTA, two of the 22 patients (9%)
showed an increase of IOP, but this could be controlled by a
change of medication. Neovascular glaucoma was not
detected in any of the patients. At baseline before treatment,
none of the patients had cataract>grade II. There were also
no new cases of cataract or progression of existing cataracts
and no infectious endophthalmitis after [IVTA.

DISCUSSION

This study showed that foveal thickness and foveal
volume were significantly improved from before IVTA 3
and 6 months after IVTA in both the Major group and the
Macular group. Triamcinolone acetonide is thought to
improve macular oedema by decreasing retinal capillary
permeability via its effect on tight junctions [17], or it may
inhibit the signaling cascade for VEGF and the VEGF
receptor that increases microvascular permeability [18, 19].
Corticosteroids also prevent the production of various
inflammatory molecules [20, 21] that promote leukocyte
adhesion and breakdown of the blood-retinal barrier [22].
Accordingly, IVTA may have led to a decrease of retinal
capillary permeability. However, the foveal thickness and
foveal volume of the Major group both increased from 3 to 6
months after IVTA, although not significantly. This may
have been because the Major group included four patients
with recurrence of macular oedema. In addition, the
nonperfused area of the retina was significantly larger in the
Major group than the Macular group. We previously
reported that vitreous fluid levels of VEGF and sICAM-1
were significantly higher in major BRVO compared with
macular BRVO [23]. Therefore, it is possible that higher
levels of cytokines in the Major group reduce the response to
IVTA over time so that foveal thickness and volume
increased from 3 to 6 months in these patients. Because there
were no significant differences in the trend profiles of foveal
thickness and foveal volume between the Major and Macular
groups, our results suggest that the response of foveal
thickness and volume to IVTA is similar in patients with
either major or macular BRVO. Thus, IVTA seems to
improve foveal thickness and volume in BRVO patients
regardless of site of the occlusion.

We also found that visual acuity showed significant
improvement from before IVTA to 3 and 6 months after
IVTA in both groups, and that foveal sensitivity also
improved significantly at these times in the Major group. As
mentioned above, IVTA may decrease macular oedema, so
that visual acuity and foveal sensitivity also improve.
However, foveal sensitivity was not significantly increased
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Fig. (2). Trend profile of visual acuity and foveal sensitivity
after intravitreal injection of triamcinolone acetonide (IVTA) in
BRVO patients with macular oedema. (A) In the Major group
and the Macular group, visual acuity improved significantly from
before IVTA to 3 and 6 months after IVTA (P=0.001 and P=0.022,
respectively). There was no significant difference in the trend
profile of visual acuity between the two groups (P=0.640). (B) In
the Major group, the foveal sensitivity increased significantly from
before IVTA to 3 and 6 months after IVTA (P<0.001). Although
foveal sensitivity increased from before IVTA to 3 and 6 months
after IVTA in Macular group as well, the changes were not
significant (P=0.456). There was no significant difference in the
trend profile of foveal sensitivity between the two groups
(P=0.502).

from before IVTA to 3 or 6 months after IVTA in the
Macular group. This may have been because of the small
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number of patients or else may have been due to a lesser
change of foveal sensitivity, because the region involved is
small in the Macular group. Interestingly, there were no
significant differences in the trend profiles of visual acuity
and foveal sensitivity between the Major and Macular groups
after IVTA. These results suggest that visual acuity and
foveal sensitivity showed a similar response to IVTA in
patients with both major BRVO and macular BRVO. Thus,
visual acuity and foveal sensitivity were improved by IVTA
regardless of the site of occlusion. The improvement of
visual acuity and foveal sensitivity in both groups may have
been related to restoration of the integrity of the inner
segment/outer segment (IS/OS), because Ota et al. reported
that integrity of the foveal photoreceptor layer is associated
with visual acuity after the resolution of macular oedema
[24]. However, we could not evaluate the relation between
visual acuity or foveal sensitivity and the IS/OS ratio
because we used Stratus OCT in 21 patients and spectral
domain OCT in only 1 patient. Accordingly, a larger
prospective and randomized study is needed to clarify the
relation between visual acuity or foveal sensitivity and
photoreceptor layer integrity in BRVO patients with macular
oedema.

Other limitations of this study were a short follow-up
period, small sample size, and lack of a control group.
Cataract progression may not have occurred because the
follow up period was too short in the present study, so a
longer follow up period might reveal progression of cataract
with an influence on macular function. Thus, further
investigations will be needed to clarify the relationship
between foveal function and the site of venous occlusion
(major versus macular) in patients with BRVO.

CONCLUSIONS

There were no significant differences in the trend profiles
of foveal thickness, foveal volume, visual acuity, and foveal
sensitivity between the Major and Macular groups. These
results suggest that IVTA can improve foveal morphology,
visual acuity, and foveal sensitivity regardless of the site of
occlusion in BRVO patients with macular oedema.
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