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Purpose: To evaluate the factors associated with refractory macular edema (ME) secondary to branch retinal vein occlusion
(BRVO) after three times of intravitreal bevacizumab (IVB) injections.

Methods: Ninety eyes of Ninety patients, who were retrospectively reviewed, were treated with IVB of 1.25 mg (0.05 mL) for ME
secondary to BRVO, repeated three times at 4-week intervals and then followed-up for at least 4 months after the IVB. The pa-
tients were classified as refractory if there was an increase in the mean retinal thickness >150 um when measured 1 month after
the three injections. The patients were divided into two groups: a responsive group (46 eyes) and a refractory group (44 eyes).
Results: In univariate logistic regression analyses, age, diabetes mellitus, hypertension, visual acuity, maximal combined re-
sponse b wave amplitude (Max B amp), maximal combined response B/A ratio (Max B/A), cone response b wave amplitude,
subfoveal choroidal thickness (SFCT), and the number of hyperreflective foci (HF) were risk factors for refractory ME of BRVO (p
=0.045, p=0.010, p=0.037, p=0.034, p=0.003, p=0.004, p=0.001, p=0.001 and p=0.001, respectively). In backward mul-
tivariate logistic regression analyses, age, Max B amp, Max B/A, SFCT and number of HF were risk factors for refractory ME of
BRVO (p=0.024, p=0.004, p=0.047, p= 0.033 and p = 0.049, respectively).

Conclusions: Baseline age, Max B amp, Max B/A, SFCT and number of HF predicted the probability of refractory ME secondary
to BRVO after IVB.
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Figure 1. Horizontal sectional image of optical coherence to-
mography (OCT) in macular edema secodary to branch retinal
vein occlusion. The OCT shows sparse exudates. Yellow ar-
row shows exudate smaller than 20 pm, blue arrows show exu-
dates bigger than 40 um and red arrows show exudates 20 pm
to 40 pum, hyperreflective foci.

Table 1. Baseline characteristics of patients
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Group I (n = 46) Group II (n = 44) p-value
Gender 0.705%
Male 16 (34.8) 17 (38.6)
Female 30 (65.2) 27 (61.4)
Age (years) 61.72 + 9.88 66.57 + 12.19 0.041°7
DM 0.006"
Yes 4 (8.7 14 (31 .8)
No 42 (91.3) 30 (68.2)
HTN 0.035™
Yes 18 (39.1) 27 (61.4)
No 28 (60.9) 17 (38.6)
VA (IogMAR) 0.67 + 0.41 0.97 + 0.52 0.026""
SE (diopter) 2.01 +2.51 2.73 +2.47 0.100
Laterality 0.993*
Right 24 (52.2) 23 (52.3)
Left 22 (47.8) 21 (47.7)

Values are presented as mean + SD or n (%) unless otherwise indicated. The patients were classified as refractory if there was an increase in
the mean retinal thickness > 150 um when measured 1 month after the three injections. Baseline: At first visit. Group I: Responsive group,

Group II: Refractory group.

DM = diabetes mellitus; HTN = hypertension; VA = visual acuity; SE = spherical equivalents.
*p < 0.05; "Mean + standard deviation, Independent sample #-test p-value; 1[Chi-square test p-value.
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18.51, A &38| b} ZZL 3410 41533 + 39.03
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Table 2. Comparison of baseline parameters of standard ERG and mean retinal thickness

Group I (n = 46) Group II (n = 44) p-valueJr
Rod B amp (uV) 130.50 + 36.94 61.33 + 11.34 0.011°
Rod B/A 26.22 + 26.17 15.73 + 18.51 0.031"
Max B amp (uV) 415.33 £+ 39.03 284.16 + 60.07 0.023"
Max B/A 2.07 +£ 0.34 1.72 + 0.38 0.041°
OPs (uV) 43.1 +£21.3 27.9 +£23.7 0.011"
Cone B amp (1V) 108.77 + 18.89 90.65 + 25.86 0.015"
30 HZ amp (uV) 90.40 + 12.68 71.68 + 16.26 0.033"
MRT (um) 416.98 + 163.66 399.57 + 157.61 0.609

Values are presented as mean + SD unless otherwise indicated. The patients were classified as refractory if there was an increase in the mean
retinal thickness > 150 pm when measured 1 month after the three injections. Baseline: At first visit. Group I: Responsive group, Group II:
Refractory group.

ERG = electroretinogram; Rod B amp = rod response b wave amplitude; Rod B/A = rod response B/A ratio; Max B amp = maximal com-
bined response b wave amplitude; Max B/A = maximal combined response B/A ratio; OPs = average of oscillatory potentials; Cone B amp

= cone response b wave amplitude; 30 HZ amp = 30 HZ flicker response amplitude; MRT = mean retinal thickness.
*p < 0.05; "Mean + standard deviation, Independent sample #-test p-value.

Table 3. Comparison of subfoveal choroidal thickness, hyperreflective foci

Variable Group I (n = 46) Group II (n = 44) p-vaﬂueT

SFCT (um)
Baseline 224.39 + 21.51 250.87 + 32.19 0.010"
IVB 3 199.52 + 20.22 219.76 + 28.31 0.007"
p-value? 0.003° 0.002°

No. of HF
Baseline 16.20 + 7.37 20.91 + 6.89 0.002"
IVB 3 9.13 +5.08 14.73 + 6.09 0.013"
p-value? 0.003° 0.005

ELM disruption length (pm)
Baseline 611.20 + 455.60 638.32 + 489.21 0.059
IVB 3 466.51 + 401.98 488.77 + 387.47 0.074
p-value? 0.021° 0.015°

IS/0OS disruption length (pum)
Baseline 625.13 + 491.43 637.37 + 479.71 0.055
IVB 3 460.58 + 411.73 482.91 + 418.31 0.052
p-value? 0.040° 0.046

Values are presented as mean + SD unless otherwise indicated. The patients were classified as refractory if there was an increase in the mean
retinal thickness > 150 um when measured 1 month after the three injections. Baseline: At first visit. IVB 3: When 1 month after 3 times of
intravitreal bevacizumab injections. Group I: Responsive group, Group II: Refractory group.

SFCT = subfoveal choroidal thickness; No. of HF = number of hyperreflective foci; ELM = external limiting membrane; IS/OS = junction
of inner and outer photoreceptor segments.

*p < 0.05; "Mean + standard deviation, Independent sample r-test p-value; *Paired r-test p-value.
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Table 4. Comparison of baseline hyperreflective foci, subretinal fluid

Variable Group I (n = 46) Group Il (n = 44) p—valueT
No. of HF 0.442
Outer retinal layer (ELM-RPE) 30 (65.2) 32 (72.7)
Inner retinal layer (NFL-ONL) 16 (34.8) 12 (27.3)
No. of SRF 0.015"
Yes 4 (8.7) 17 (38.6)
No 42 (91.3) 27 (61.4)

Values are presented as n (%) unless otherwise indicated. The patients were classified as refractory if there was an increase in the mean retinal
thickness >150 pm when measured 1 month after the three injections. Baseline: At first visit. Group I: Responsive group, Group II:
Refractory group.

No. of HF = number of hyperreflective foci; ELM = external limiting membrane; RPE = retinal pigment epithelium; NFL = nerve fiber
layer; ONL = outer nuclear layer; No. of SRF = number of patients who have subretinal fluid; Yes = patients who have subretinal fluid;
No = patients who don't have subretinal fluid.

*p < 0.05; TChi—squalre test p-value.

Table 5. Comparison of position of hyperreflective foci in group I, II

IVB 3
Variable Baseline Outer retinal layer Inner retinal layer p—valuef
(ELM-RPE) (NFL-ONL)
Group I (n = 46) Outer retinal layer (ELM-RPE) 22 (95.7) 8 (34.8) 0.039"
Inner retinal layer (NFL-ONL) 14.3) 15 (65.2)
Group II (n = 44) Outer retinal layer (ELM-RPE) 23 (92.0) 9 (47.4) 0.048"
Inner retinal layer (NFL-ONL) 2 (8.0) 10 (52.6)

Values are presented as n (%) unless otherwise indicated. The patients were classified as refractory if there was an increase in the mean retinal
thickness > 150 pum when measured 1 month after the three injections. Baseline: At first visit. [IVB 3: When 1 month after 3 times of intravitreal
bevacizumab injections. Group I: Responsive group, Group II: Refractory group.

ELM = external limiting membrane; RPE = retinal pigment epithelium; NFL = nerve fiber layer; ONL = outer nuclear layer.

*p < 0.05; "McNemar test p-value.
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Table 6. Regression analyses of baseline characteristics for refractory macular edema secondary to branch retinal vein occlusion after
3 times of intravitreal bevacizumab injections

Univariate Multivariate'
OR (CI) p-value OR (CI) p-value

Gender

Male 1.2 (0.5-2.8) 0.705

Female 1
Age (years) 1.0 (1.0-1.1) 0.045" 1.0 (0.9-1.0) 0.024"
DM

Yes 4.9 (1.5-16.4) 0.010" 2.5 (0.5-13.1) 0.293

No 1
HTN

Yes 2.5(1.1-5.8) 0.037 4.2 (1.1-16.4) 0.061

No 1
VA (logMAR) 4.1(1.1-15.2) 0.034"
SE (diopter) 3.9(1.2-14.5) 0.057
Laterality

Right 1.0 (0.4-2.3) 0.993

Left 1
Rod B amp (nV) 524.3 (0.0-1.0) 0.976
Rod B/A 1.0 (1.0-1.1) 0.054
Max B amp (uV) 1.1(1.0-1.1) 0.003" 1.1(1.0-1.2) 0.004"
Max B/A 17.4 (4.0-75.7) 0.004" 1.0 (1.0-1.0) 0.047"
OPs (uV) 1.0 (1.0-1.1) 0.067
Cone B amp (uV) 1.0 (1.0-1.1) 0.001" 1.0 (1.0-1.0) 0.312
30 HZ amp (V) 1.1(1.0-1.1) 0.073
MRT (um) 1.0 (1.0-1.0) 0.498
SFCT (um) 1.0 (0.9-1.0) 0.001" 1.0 (1.0-1.1) 0.033"
No. of HF 1.2 (1.1-1.3) 0.001" 0.9 (0.8-1.0) 0.048"
Position of HF

ORL 1.3 (0.6-3.0) 0.517

IRL 1
ELM disruption length (um) 1.4 (0.6-3.3) 0.469
IS/OS disruption length (um) 1.7 (0.7-4.2) 0.235

Baseline: At first visit.

OR = odds ratio; CI = confidence interval; DM = diabetes mellitus; HTN = hypertension; VA = visual acuity; SE = spherical equivalents;
Rod B amp = rod response b wave amplitude; Rod B/A = rod response B/A ratio; Max B amp = maximal combined response b wave ampli-
tude; Max B/A = maximal combined response B/A ratio; OPs = average of oscillatory potentials; Cone B amp = cone response b wave ampli-
tude; 30 HZ amp = 30 HZ flicker response amplitude; MRT = mean retinal thickness; SFCT = subfoveal choroidal thickness; HF = hyper-

reflective foci; ORL = outer retinal layer (ELM-retinal pigment epithelium [RPE]); IRL = inner retinal layer (nerve fiber layer [NFL]- outer
nuclear layer [ONL]); ELM = external limiting membrane; IS/OS = junction of inner and outer photoreceptor segments.
"p < 0.05; "Multivariate logistic regression analysis with backward method.
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(Table 6).
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