
ORIGINAL RESEARCH

Three Monthly Injections Versus One Initial Injection
of Ranibizumab for the Treatment of Macular Edema
Secondary to Branch Retinal Vein Occlusion:
12-Month Results of a Prospective Randomized Study

Wenyi Tang . Jingli Guo . Gezhi Xu . Wei Liu . Qing Chang

Received: August 30, 2022 /Accepted: September 28, 2022 / Published online: October 12, 2022
� The Author(s) 2022

ABSTRACT

Introduction: To compare three monthly
injections versus one initial injection of intrav-
itreal ranibizumab (IVR) followed by pro re nata
(PRN) dosing to treat macular edema secondary
to branch retinal vein occlusion (BRVO).

Methods: Seventy-four patients were random-
ized (1:1) to the 3 ? PRN or 1 ? PRN groups.
Patients underwent monthly evaluations and
additional IVR injections were administered if
the retreatment criteria were met. The func-
tional and anatomical outcomes were recorded.
The factors associated with the improvement in
best-corrected visual acuity (BCVA) were
analyzed.
Results: Sixty-nine patients (93.2%) completed
the study. At 12 months, the mean gain in
BCVA was 12.9 letters in the 3 ? PRN group and
14.3 letters in the 1 ? PRN group, which was
not significant (P = 0.59). The mean reduction
in central macular thickness was 297.8 lm in
the 3 ? PRN group and 300.2 lm in the
1 ? PRN group (P = 0.96). The macular vascular
density changes of the superficial and deep
capillary plexuses were not significantly differ-
ent between the two groups (P = 0.99 and 0.70,
respectively). The mean number of IVR injec-
tions was 5.0 in the 3 ? PRN group and 4.2 in
the 1 ? PRN group (P = 0.17). The incidence of
retinal neovascularization was similar in both
groups (P = 0.67). The baseline BCVA, but not
the treatment regimen, was significantly asso-
ciated with the change in BCVA (P\ 0.01).
Conclusion: Significant gains in BCVA and
maintenance of macular perfusion were
achieved in BRVO eyes treated with the
3 ? PRN or 1 ? PRN regimens. Baseline BCVA
was a prognostic factor for the visual
improvement.
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Trial Registration: A prospective randomized
controlled trial to compare the 1 ? PRN and
3 ? PRN regimen in the treatment of macular
edema secondary to branch retinal vein occlu-
sion (ChiCTR2000038086).

Keywords: Branch retinal vein occlusion;
Ranibizumab; Macular edema; Treatment; RCT

Key Summary Points

Few prospective randomized studies have
compared the efficacy of the 3 ? PRN and
1 ? PRN regimens and corresponding
vascular density changes revealed by SS-
OCTA.

We showed that the 1 ? PRN and 3 ? PRN
treatment regimens resulted in rapid and
sustained improvements in anatomy and
function at 12 months, with similar
intravitreal frequency.

The macular perfusion of eyes with BRVO
shown on SS-OCTA was preserved at
month 12 when following the 3 ? PRN or
1 ? PRN regimen.

The 1 ? PRN and 3 ? PRN regimens are
effective and affordable for visual acuity
improvement without worsening of
macular ischemia.

Baseline BCVA can be helpful in
predicting BCVA improvement after anti-
VEGF treatment in patients with macular
edema due to BRVO.

INTRODUCTION

Branch retinal vein occlusion (BRVO) is a major
cause of vision impairment worldwide and fre-
quently causes macular edema (ME). Anti-vas-
cular endothelial growth factor (VEGF) therapy
can achieve a rapid reduction in ME and
improve visual function, and is thus accepted as
first-line therapy for most patients with ME
secondary to BRVO [1].

There is a lack of consensus on the best
treatment regimen for anti-VEGF dosing for ME
secondary to BRVO. The BRAVO study, which
was the first prospective, randomized, multi-
center study of this type of treatment with
ranibizumab, assessed the efficacy and safety of
a dosing regimen comprising six monthly
intravitreal ranibizumab (IVR) injections fol-
lowed by six pro re nata (6 ? PRN) injections
[2]. The study showed favorable visual and
anatomical outcomes after 12-month follow-up,
and the mean number of IVR injections was 8.4
[3]. The BRIGHTER study, which was also a
prospective, randomized, multicenter study,
reported favorable functional and anatomical
outcomes of a regimen comprising three load-
ing doses followed by PRN (3 ? PRN) adminis-
tration [4]. Over a period of 1 year in clinical
practice, Brynskov et al. reported that the mean
number of IVR injections was five using the
3 ? PRN regimen, and they demonstrated the
efficacy of this regimen in the real world [5].
Nevertheless, frequent injections for treatment-
naive patients with BRVO are insubstantial in
real clinical settings, and multiple continuous
injections may increase the risk of ocular and
systemic adverse effects [6, 7]. The prospective
MARVEL study demonstrated that intravitreal
administration of bevacizumab or ranibizumab
using a regimen comprising one dose plus PRN
(1 ? PRN) also led to meaningful improvements
in visual acuity in patients with ME secondary
to BRVO [8]. Furthermore, Miwa et al. and Bayat
et al. compared the 1 ? PRN and 3 ? PRN regi-
mens for ME caused by BRVO and reported that
the visual functional outcomes were compara-
ble for the two regimens [9, 10].

To the best of our knowledge, there are no
published prospective randomized studies
comparing the efficacy of 1 ? PRN versus
3 ? PRN regimens for treating ME secondary to
BRVO. In this prospective randomized study, we
compared the 12-month visual and anatomical
outcomes between these two treatment regi-
mens using multimodal imaging, including
swept-source optical coherence tomography
angiography (SS-OCTA).
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METHODS

Study Design

This was an investigator-initiated, prospective,
randomized controlled trial (registered at www.
chictr.org.cn, accession number
ChiCTR2000038086) sponsored by Novartis
Pharma AG (Basel, Switzerland). The institu-
tional review board of the Eye and ENT Hospital
of Fudan University approved the study (No.
2018037-1) and each participant provided
written informed consent. The study adhered to
the Declaration of Helsinki. Patients were
recruited from January 2019 to December 2020
at the Eye and ENT Hospital of Fudan Univer-
sity, Shanghai, China.

Patients

BRVO was diagnosed based on the results of
fundus examination and fluorescein angiogra-
phy (FA) performed by vitreoretinal specialists
(L.W. and C.Q.). Key eligibility criteria inclu-
ded: (1) treatment-naive patients
aged C 18 years; (2) baseline best-corrected
visual acuity (BCVA) of C 19 letters (approxi-
mate Snellen chart equivalent of 20/400)
according to the Early Treatment Diabetic
Retinopathy Study (ETDRS) scale; (3) spectral-
domain optical coherence tomography (SD-
OCT) central macular thickness
(CMT) C 250 lm caused by ME secondary to
BRVO; and (4) time since diagnosis
of\ 6 months for the study eye. Key exclusion
criteria included: (1) ME caused by other ocular
pathologies, such as diabetic retinopathy or
neovascular age-related macular degeneration;
(2) severe media opacities affecting fundus
examination; (3) previous intravitreal injection
of corticosteroids or anti-VEGF therapies; (4)
history of laser photocoagulation or vitreoreti-
nal surgery; and (5) hemi-central or central
retinal vein occlusion.

Therapeutic Regimen

Patients were randomly assigned to 3 ? PRN or
1 ? PRN groups using a random numbers

table generated by Microsoft Excel (Microsoft,
Redmond, WA, USA). Each injection comprised
0.5 mg/0.05 mL ranibizumab (Novartis Pharma
AG, Basel, Switzerland). Patients in the 1 ? PRN
group were treated with one injection of IVR
followed by PRN dosing, and patients in the
3 ? PRN group were treated with three consec-
utive monthly injections of IVR followed by
PRN dosing. Further IVR injections were only
administered if any of the following retreat-
ment criteria were met: macular thickening,
intraretinal or subretinal fluid, or an increase in
CMT of[ 50 lm versus the previous thinnest
measurement. Patients were followed up
monthly for 12 months after the first dose.
Rescue laser treatment of the affected peripheral
retinal sector in eyes with retinal neovascular-
ization (NV) was allowed during the follow-up
based on FA or SS-OCTA findings according to
the doctor’s judgement.

Examinations

The patients’ baseline demographic character-
istics and medical history were collected. All
patients underwent complete ophthalmic
examinations, including measurement of BCVA
using the standardized ETDRS refraction proto-
col, measurement of intraocular pressure (IOP),
slit-lamp biomicroscopy, SD-OCT (Spectralis
HRA ? OCT, Heidelberg Engineering, Heidel-
berg, Germany), SS-OCTA (PLEX Elite 9000;
Carl Zeiss Meditec, Oberkochen, Germany),
fundus photography, and wide-field FA (Optos
200Tx imaging system, Optos Plc., Dun-
fermline, UK). At each follow-up visit, the
patients underwent routine ophthalmic exami-
nations, including measurement of BCVA and
IOP, slit-lamp biomicroscopy, SD-OCT, and SS-
OCTA. Follow-up wide-field FA was performed
at 6 and 12 months. Standardized refraction was
performed by certified optometrists and BCVA
(EDTRS letters) was determined at a distance of
4 m by examiners blinded to the treatment
group. Post-mydriatic SD-OCT images were
obtained by certified operators. CMT, defined as
the average retinal thickness within the 1-mm
ETDRS circle centered on the fovea, was mea-
sured using built-in software (Spectralis HRA ?
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OCT). Macular ischemia was evaluated on wide-
field FA and SS-OCTA, and it was defined as
disruption and enlargement of the foveal avas-
cular zone or a remarkable region of capillary
non-perfusion located within one disk diameter
of the fovea [11]. The resolution of ME was
defined as the absence of both intraretinal and
subretinal fluid on SD-OCT at 12 months. The
macular vascular densities (VDs) of the superfi-
cial capillary plexus (SCP) and deep capillary
plexus (DCP) were measured on 3 9 3 mm SS-
OCTA images using Fiji ImageJ software (http://
fiji.sc/Fiji), as previously reported [12]. The SCP
was defined as 70% of the thickness between the
inner limiting membrane and the outer plexi-
form layer, and the DCP was defined as
extending from the outer boundary of the SCP
to 110 lm above the retinal pigment epithe-
lium. Manual adjustments were conducted
before analysis if the automatic segmentation
was inaccurate; only good-quality SS-OCTA
images were used.

Outcomes

The primary outcome measure was the mean
change in BCVA from baseline to 12 months in
both groups. The secondary outcomes included
the mean changes in CMT and VD of the SCP
and DCP, the mean number of IVR injections,
and the safety profiles in both groups over
12 months.

Statistical Analysis

Continuous variables are presented as the
mean ± standard deviation (SD). The sample
size was calculated to be 37 in each group at an
a error of 5% and power of 80% with an
approximate difference of one in the number of
IVR injections and an SD of 1.5 in the two
groups [9]. Fisher’s exact test was used to com-
pare categorical variables between the 1 ? PRN
and 3 ? PRN groups. The unpaired t-test was
used to compare continuous variables, includ-
ing BCVA and CMT, between the two groups.
The paired t-test was used to analyze the longi-
tudinal changes in continuous variables within
each group. Univariate and multivariate linear

regression analyses with a stepwise variable
selection method were performed to determine
which baseline factors were significantly asso-
ciated with the change in BCVA from baseline
to 12 months. P\0.05 was considered to indi-
cate statistical significance. Data analysis was
performed using SPSS Statistics (version 21,
SPSS, Chicago, IL, USA).

RESULTS

Patients

A total of 74 patients were enrolled, of which 37
were randomized to the 3 ? PRN regimen and
37 were randomized to the 1 ? PRN regimen.
The disposition of patients is shown in the
Online Supplementary Fig. S1. Overall, 69
patients [93.2%; 35 patients (94.6%) in the
3 ? PRN group and 34 patients (91.9%) in the
1 ? PRN group, P = 0.64] completed the
12-month visit. At baseline, there were no sig-
nificant differences between the two groups in
terms of patient demographics, systemic dis-
eases, or ocular characteristics (all P[ 0.05,
Table 1).

Functional Outcomes

There were rapid improvements in BCVA at
1 month in the 3 ? PRN and 1 ? PRN groups,
with further gradual improvements over time
(Fig. 1). The change in BCVA from month 1 to
month 12 was not significantly different
between the two groups (Fig. 1A), irrespective of
the macular ischemia status (Fig. 1B,C). The
mean change in BCVA from baseline to month
12 was 12.9 ± 10.6 letters in the 3 ? PRN group
and 14.3 ± 10.6 letters in the 1 ? PRN group
(P = 0.59, Table 2). At month 12, the final BCVA
was 65.3 ± 11.7 letters in the 3 ? PRN group
and 66.0 ± 12.6 letters in the 1 ? PRN group
(P = 0.82). The percentage of patients with a
BCVA of[ 70 letters (Snellen equivalent 20/40)
or a BCVA of\35 letters (Snellen equivalent
20/200) at month 12 were similar in both
groups (Table 2). The percentage of patients
with a gain in BCVA of C 15 letters at month 12
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was 42.9% and 47.1% in 3 ? PRN and 1 ? PRN
groups, respectively (P = 0.78).

Anatomical Outcomes

The mean CMT decreased dramatically between
baseline and month 1, and then decreased
gradually thereafter, with similar trends in the
3 ? PRN and 1 ? PRN groups (Fig. 2A). The
mean reduction in CMT between baseline and
month 12 was -297.8 ± 187.1 lm in the
3 ? PRN group versus -300.2 ± 216.5 lm in
the 1 ? PRN group (P = 0.96, Table 2). At
month 12, the CMT was 260.8 ± 52.2 lm in the

3 ? PRN group and 263.0 ± 51.0 lm in the
1 ? PRN group (P = 0.86). During the 12-month
observation period, the changes in CMT over
time were similar in patients with and without
macular ischemia, regardless of the treatment
regimen (Fig. 2B, C). The percentage of patients
with resolution of ME at month 12 was 85.7%
and 79.4% in the 3 ? PRN and 1 ? PRN groups,
respectively (P = 0.49). The mean VDs of the
SCP and DCP at month 12 were not signifi-
cantly different between the 3 ? PRN and
1 ? PRN groups (SCP: P = 0.28; DCP: P = 0.89).
Furthermore, the changes in VD between base-
line and month 12 were not significantly

Table 1 Baseline characteristics of treatment-naive eyes with BRVO according to the treatment regimen (3 ? PRN or
1 ? PRN)

Total
(n = 69)

3 1 PRN
(n = 35)

1 1 PRN
(n = 34)

P-value (3 1 PRN
versus 1 1 PRN)

Males (%) 43 (60.9) 25 (71.4) 17 (50.0) 0.08

Age (years) 60.0 ± 9.8 61.6 ± 9.4 58.3 ± 10.0 0.16

Hypertension (%) 22 (31.9) 10 (28.6) 12 (35.3) 0.55

Right eye involved (%) 45 (65.2) 26 (74.2) 19 (55.9) 0.11

IOP (mmHg) 14.4 ± 3.3 14.1 ± 3.6 14.7 ± 3.0 0.43

Refractive error (SE, diopter) - 0.27 ± 1.57 - 0.03 ± 1.61 - 0.51 ± 1.52 0.20

Symptom duration (month) 1.77 ± 1.49 1.59 ± 1.32 1.95 ± 1.66 0.33

BCVA letters (Snellen equivalent) 52.1 ± 16.2

(20/100)

52.4 ± 16.4

(20/100)

51.7 ± 16.2

(20/100)

0.86

C 70 letters (Snellen equivalent

20/40, %)

10 (14.5) 5 (14.3) 5 (14.7) 0.77

B 35 letters (Snellen equivalent

20/200, %)

9 (13.0) 5 (14.3) 4 (11.8) 0.96

CMT (lm) 560.9 ± 189.1 558.6 ± 175.3 563.2 ± 205.0 0.91

Macular ischemia (%) 22 (31.9) 10 (28.6) 12 (35.3) 0.55

VD of SCP (%) 39.4 ± 4.3 38.8 ± 4.0 39.9 ± 4.6 0.31

VD of DCP (%) 36.6 ± 5.3 36.8 ± 5.6 36.4 ± 5.2 0.75

Values are mean ± standard deviation or n (%)
BRVO branch retinal vein occlusion, PRN pro re nata, IOP intraocular pressure, SE spherical equivalent, BCVA best-
corrected visual acuity, CMT central macular thickness, VD vascular density, SCP superficial capillary plexus, DCP deep
capillary plexus
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different between the two groups (SCP:
P = 0.99; DCP: P = 0.70).

Injection Frequency

Over 12 months, the mean number of ranibi-
zumab injections was 5.0 ± 2.2 in the 3 ? PRN
group and 4.2 ± 2.4 in the 1 ? PRN group
(P = 0.17). During the PRN period, additional
injections were required in 24 of 35 eyes
(68.5%) in the 3 ? PRN group and 32 of 34 eyes
(94.1%) in the 1 ? PRN group. The mean
number of additional injections was 2.9 ± 2.0
in the 3 ? PRN group and 3.4 ± 2.3 in the
1 ? PRN group, and was not significantly dif-
ferent between the two groups (P = 0.38).

Overall, 73.5% of patients in the 1 ? PRN group
received three consecutive monthly injections
of IVR, including the first initial dose.

Factors Associated with Change in BCVA
from Baseline to Month 12

Table 3 provides the results of univariate and
multivariate analyses of factors, including the
treatment regimen (3 ? PRN or 1 ? PRN), that
were potentially associated with the primary
endpoint; i.e., the change in BCVA from base-
line to month 12. Univariate linear regression
analysis showed that the duration of symptoms
(P = 0.03), baseline BCVA (P\ 0.01), and VD of
the DCP (P = 0.01) were significantly correlated

Fig. 1 Functional outcomes. Changes in the mean BCVA
in terms of ETDRS letter scores from baseline through to
month 12 in the 3 ? PRN (black line) and 1 ? PRN
(dotted line) groups (a). The mean change in BCVA
between baseline and month 12 was 12.9 letters in the
3 ? PRN group and 14.3 letters in the 1 ? PRN group,
and was not significantly different between the two groups.

In subgroups of patients with (b) or without (c) macular
ischemia, the mean changes in BCVA at months 1–12
from baseline were not significantly different between the
3 ? PRN and 1 ? PRN groups. Values are mean ± s-
tandard error of the mean. BCVA best-corrected visual
acuity, ETDRS Early Treatment Diabetic Retinopathy
Study, PRN pro re nata
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with the change in BCVA from baseline to
month 12. However, in the multivariate
regression, only the baseline BCVA was inde-
pendently and significantly associated with the
change in BCVA from baseline to month 12
(P\0.01).

Safety

Retinal NV was reported in two eyes (5.7%) in
the 3 ? PRN group and in three eyes (8.8%) in
the 1 ? PRN group, of which one (2.9%)
developed mild vitreous hemorrhage, which
resolved gradually after scatter retinal photo-
coagulation and IVR. The incidence of retinal
NV was similar in both groups (P = 0.67). The
mean duration until the development of NV
was 6.6 ± 4.2 months from the initial visit and

3.6 ± 2.7 months from the last ranibizumab
injection. These patients received 4.0 ± 1.0 IVR
injections through to month 12, which was not
significantly different compared with the num-
ber of injections (4.7 ± 2.3) in patients without
retinal NV (P = 0.53). During the study period,
the incidence of ocular adverse events was
similar in both groups (Online Supplementary
Table S1), and there were no serious non-ocular
adverse events.

DISCUSSION

In this prospective randomized study of
patients with BRVO, we found that the 1 ? PRN
regimen and 3 ? PRN regimen using IVR
improved visual acuity effectively and safely
during the 12-month study period.

Table 2 Comparison of visual and anatomical outcomes between eyes with BRVO treated with the 3 ? PRN or 1 ? PRN
regimens

3 1 PRN (n = 35) 1 1 PRN (n = 34) P-value

Change in BCVA letters 12.9 ± 10.6 14.3 ± 10.6 0.59

BCVA letters at 12 months (Snellen equivalent) 65.3 ± 11.7 (20/50) 66.0 ± 12.6 (20/50) 0.82

C 70 letters (Snellen equivalent 20/40, %) 15 (42.9) 18 (52.9) 0.38

B 35 letters (Snellen equivalent 20/200, %) 1 (2.9) 0 (0.0) 0.99

Patients gaining in BCVA letters

C 15 15 (42.9) 16 (47.1) 0.78

C 10 21 (60.0) 21 (61.8) 0.99

C 5 28 (80.0) 27 (79.4) 0.99

Change in CMT (lm) -297.8 ± 187.1 -300.2 ± 216.5 0.96

CMT at 12 months (lm) 260.8 ± 52.2 263.0 ± 51.0 0.86

Resolution of macular edema at 12 months (%) 28 (80.0) 25 (73.5) 0.52

VD of SCP at 12 months (%) 39.2 ± 4.0 40.4 ± 5.3 0.28

Change in VD of SCP (%) 0.5 ± 1.4 0.5 ± 2.2 0.99

VD of DCP at 12 months (%) 37.2 ± 5.3 37.0 ± 5.5 0.89

Change in VD of DCP (%) 0.5 ± 1.3 0.6 ± 1.8 0.70

Values are mean ± standard deviation or n (%)
BRVO branch retinal vein occlusion, PRN pro re nata, BCVA best-corrected visual acuity, CMT central macular thickness,
VD vascular density, SCP superficial capillary plexus, DCP deep capillary plexus
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Furthermore, the macular perfusion was pre-
served at 12 months in eyes with BRVO treated
with either regimen.

The mean change in BCVA was comparable
between the 3 ? PRN and 1 ? PRN groups (12.9
versus 14.3 letters, respectively). Overall, 42.9%
and 47.1% of patients in the 3 ? PRN and
1 ? PRN groups, respectively, showed a gain in
BCVA of C 15 letters at 12 months. These
results may appear inferior to those of the
BRAVO and BLOSSOM studies using ranibizu-
mab [3, 13]. In the BRAVO study, patients
treated with a 6 ? PRN regimen showed an
average gain of 18.3 letters and 60.3% had a
gain of C 15 letters [3]. In patients treated with
a 3 ? PRN regimen in the BLOSSOM study, the

mean BCVA gain was 16.4 letters, and the pro-
portion of eyes gaining C 15 letters was 55.6%
[13]. The differences in BCVA gain among these
studies may be explained at least partly by the
greater number of injections (7–9) administered
to patients enrolled in those RCTs [3, 13]. Fur-
thermore, the variations in inclusion criteria
and retreatment criteria among the studies may
also contribute to the differing results [3, 13].
We found that the 3 ? PRN and 1 ? PRN regi-
mens significantly improved morphological
parameters determined by OCT in patients with
BRVO, without significant differences in the
final CMT or the improvement in CMT between
the two groups. Miwa et al. reported that the
CMT at 12 months in the 3 ? PRN group

Fig. 2 Anatomical outcomes. Changes in the mean CMT
from baseline through to month 12 in the 3 ? PRN
(black line) and 1 ? PRN (dotted line) groups (a). The
mean change in CMT from baseline to month 12
was -297.8 lm in the 3 ? PRN group and -300.2 lm
in the 1 ? PRN group, and was not significantly different

between the two groups. In subgroups of patients with
(b) or without (c) macular ischemia, the mean changes in
CMT at months 1–12 from baseline were not significantly
different between the 3 ? PRN and 1 ? PRN groups.
Values are mean ± standard error of the mean. CMT
central macular thickness, PRN pro re nata
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(286.1 lm) was significantly thinner than that
in the 1 ? PRN group (337.0 lm), but the
changes in CMT from baseline to month 12
were not significantly different between the
3 ? PRN (-206.9 lm) and 1 ? PRN
(-170.5 lm) regimens [9]. The reduction in
CMT in our study (approximately -300 lm)
was greater than that reported by Miwa et al.
[9], which might be explained by our higher
baseline CMT.

Ito et al. reported that the 1 ? PRN regimen
could be safer and less invasive owing to a lower

number of bevacizumab injections (2.1 ± 0.8)
compared with the 3 ? PRN regimen
(4.3 ± 1.4), while matching the improvements
in vision achieved by bevacizumab [14]. In
contrast, Miwa et al. found that the mean
number of IVR injections was not significantly
different between the 1 ? PRN (3.8 ± 1.8) and
3 ? PRN (4.6 ± 1.4) groups [9]. Similarly, in the
present study, the number of IVR injections in
the 1 ? PRN group (4.2 ± 2.4) was not signifi-
cantly less than that in the 3 ? PRN group
(5.0 ± 2.2). Surprisingly, most of the patients
(73.5%) in the 1 ? PRN group received three
consecutive monthly injections of IVR in the
first 3 months under the same retreatment cri-
teria as the 3 ? PRN group. Because the func-
tional and anatomical outcomes and the
treatment burden at 12 months were similar for
both regimens, three loading doses may be
preferable as an intensive treatment regimen in
terms of improving and stabilizing BCVA.

To date, few studies have compared the
microvascular changes assessed using SS-OCTA
between single injections versus monthly
injections of ranibizumab for the treatment of
ME secondary to BRVO. Sellam et al. reported
slight, although not statistically significant,
decreases in the VDs of the SCP and DCP in
patients with retinal vein occlusion treated with
intravitreal injections of anti-VEGF drugs dur-
ing a mean follow-up period of 19 weeks [15].
More recently, using projection-resolved OCTA,
Tsuboi et al. reported that the VDs of the SCP
and DCP in eyes with BRVO treated with a
1 ? PRN regimen remained unchanged over a
12-month follow-up period [16]. One highlight
of our study is that we used SS-OCTA to com-
pare the microvascular changes in eyes treated
with different dosing regimens. We detected no
significant differences in the VD changes in the
SCP and DCP from baseline to month 12
between the 1 ? PRN and 3 ? PRN regimens,
confirming that anti-VEGF therapy in 1 ? PRN
or 3 ? PRN regimens helps maintain macular
capillary perfusion in eyes with BRVO.

Furthermore, we investigated the impact of
several baseline characteristics, including the
SS-OCTA parameters, on the visual outcomes
after anti-VEGF therapy. Most of the variables,
including CMT measured using SD-OCT, VDs

Table 3 Factors Associated with the Change in BCVA
from Baseline to Month 12 after IVR Therapy for ME
Secondary to BRVO

Variables Univariate Multivariate

r P-value b P-value

Age -0.08 0.51 -0.11 0.25

Sex 0.18 0.15 0.14 0.15

Hypertension \ 0.01 0.98 0.02 0.82

IOP 0.02 0.87 0.07 0.48

Duration of

symptom

0.27 0.03 \ 0.01 0.99

Baseline BCVA -0.67 \ 0.01 -0.65 \ 0.01

Baseline CMT 0.02 0.89 -0.07 0.53

Macular ischemia -0.17 0.17 -0.07 0.53

Baseline VD of

SCP

-0.19 0.11 -0.15 0.12

Baseline VD of

DCP

0.30 0.01 -0.01 0.92

Number of IVR

injections

-0.22 0.07 -0.22 0.06

Treatment

regimena
-0.07 0.58 -0.03 0.74

BRVO branch retinal vein occlusion, IVR intravitreal
ranibizumab, ME macular edema, BRVO branch retinal
vein occlusion, IOP intraocular pressure, CMT central
macular thickness, VD vascular density, SCP superficial
capillary plexus, DCP deep capillary plexus, PRN pro re
nata
a3 ? PRN or 1 ? PRN
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measured using SS-OCTA, macular ischemia
classification, number of IVR injections, and the
treatment regimen (3 ? PRN or 1 ? PRN), were
not associated with the gain in BCVA at
12 months. However, worse visual function at
baseline was strongly associated with a greater
gain in vision after treatment for BRVO. This
finding is consistent with the results of previous
retrospective studies by Sakanishi et al. [17] and
Khayat et al. [18], indicating that baseline BCVA
is a good prognostic factor for visual improve-
ment after anti-VEGF treatment in patients with
BRVO.

Previous studies have reported that 20% of
patients with BRVO developed retinal NV in the
natural course of the disorder, of which 60–90%
developed vitreous bleeding [19, 20]. The land-
mark Branch Vein Occlusion Study (BVOS)
study revealed that, although sectoral retinal
photocoagulation for patients with ischemic
BRVO failed to prevent NV development, it
significantly reduced the risk of vitreous hem-
orrhage [21]. In our study, anti-VEGF treatment
did not prevent the development of retinal NV
in either group. Retinal NV was detected in
7.2% of eyes with BRVO during the 12-month
follow-up, which appears to be lower than that
reported in BVOS (15%) [21]. Scatter photoco-
agulation reduced the risk of vitreous hemor-
rhage and did not affect treatment burden in
patients with BRVO who received ongoing anti-
VEGF therapy. A recent study revealed that the
BRVO eyes with resolved ME, which meant the
last anti-VEGF injections were within 6 months
from the baseline, had more NV at the 1-year
visit [22]. Consistently, three eyes (60.0%) of
the five eyes with NV were classified as resolved
ME in our study according to their classification
criteria [22]. Therefore, retinal NV and NV-as-
sociated complications should be carefully
monitored, even in eyes with resolved ME, after
anti-VEGF therapy using the 3 ? PRN and
1 ? PRN regimen.

This study had several limitations. This was a
single-center study and was not double masked.
Furthermore, it is unknown whether BCVA,
CMT, or macular capillary perfusion remain
stable over a follow-up period longer than that
of the current study (12 months). Larger

longitudinal studies are needed in the future to
confirm our results.

CONCLUSION

Our prospective randomized study has shown
that the 3 ? PRN and 1 ? PRN regimens effec-
tively reduced macular thickness, improved
BCVA, and preserved macular perfusion as
determined by SS-OCTA. The 3 ? PRN regimen
may be preferable as an intensive treatment
regimen in terms of improving and stabilizing
BCVA.
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