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Multimodal imaging to distinguish
microvascular and morphological changes
in retinal vein occlusion after intravitreal
ranibizumab with or without triamcinolone
acetonide injection
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Abstract

Background The study was designed to investigate microvascular and morphological changes in retinal vein
occlusion (RVO) using multimodal imaging after intravitreal ranibizumab (IVR) with or without triamcinolone
acetonide (IVTA) injections.

Methods This was a retrospective and observational study. Fifty patients (52 eyes) diagnosed with RVO were
enrolled. Best corrected visual acuity (BCVA), ophthalmoscopy, fundus fluorescein angiography (FFA), spectral domain
optical coherence tomography (SDOCT), and optical coherence tomography angiography (OCTA) were employed
sequentially both before treatment and at the last visit after treatment.

Results The mean logMAR VAs in BRVO eyes decreased significantly after treatment (P=0.029). OCTA showed there
was a significant difference in foveal avascular zone (FAZ) in BRVO eyes (P=0.024), superificial foveal vessel density in
both CRVO (P=0.0004) and BRVO eyes (P=0.02155). OCT showed the foveal thickness had significant differences after
treatment in both CRVO (P<0.0001) and BRVO eyes (P=0.0001). BCVA was associated most commonly with ellipsoid
zone integrity (P=0.022). The BCVA in eyes treated with IVR and IVTA was significantly decreased compared with IVR
only in BRVO group (P=0.021). However, the combination of VR + IVTA significantly improved intraocular pressure
(IOP) compared with IVR only in BRVO group (P=0.037).

Conclusion Both IVR and IVR+IVTA can significantly improve the central vision, macular structure, and functions in
BRVO group. Simultaneous IVR with IVTA can significantly increase BCVA compared with IVR only in BRVO group.
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Background

Retinal vein occlusion (RVO) is the second most com-
mon retinal vascular disease [1]. Obstruction can occur
in the central trunk or its branches and it occurs more
commonly with branch retinal vein occlusion (BRVO).
The main cause of vision loss is persistent macular edema
(ME). The first line treatment for ME caused by RVO is
anti-vascular endothelial growth factor (VEGF) therapy.
Anti-VEGF therapy has been shown to be effective in
restoring visual function and macular morphology.

However, there are some RVO patients who do not
respond sensitively to anti-VEGF drugs. Multiple studies
have shown that levels of inflammatory factors, such as
VEGE, interleukin-1 B, and interleukin-6, are associated
with the severity of ME [2]. Dexamethasone treatment
reduces proinflammatory cytokine levels in the aqueous
humor of patients with RVO [3]. An intravitreal steroid
injection may be beneficial for these RVO patients who
do not respond sensitively to anti-VEGF drugs. Intravit-
real triamcinolone acetonide has been used to treat ME
secondary to RVO for many years [4]. Its mechanisms
include anti-inflammatory effects [5, 6], inhibition of
VEGF [7], improvement of diffusion [8], and reconstruc-
tion of the blood-retinal barrier by reducing permeability
[9, 10]. Due to well-known complications such as cata-
racts and increased intraocular pressure (IOP), intravit-
real steroid administration is reserved as second-line
therapy if anti-VEGF is ineffective [11-13].

The cost of repeated anti-VEGF therapy is high, which
brings an economic burden to patients. Due to financial
limitations, in general clinical practice in China, oph-
thalmologists aim to improve the therapeutic effect by
reducing the number of anti-VEGF injections. Retinal
specialists suggest that it is important to develop a mul-
timodal approach to the treatment and management of
ME. These multi-mode therapies mainly focus on anti-
VEGF therapy combined with triamcinolone acetonide
injection, laser photocoagulation, or vitrectomy [14].
Previous studies have reported that the combination of
ranibizumab and triamcinolone acetonide injection in
the treatment of central branch retinal vein occlusion
(CRVO) induced ME can reduce the number of repeated
injections [15]. Intravitreal ranibizumab (IVR) and triam-
cinolone acetonide injections (IVTA) have also been used
clinically to treat ME caused by RVO.

Recently, multimodal imaging has been used to show
the morphology and structure of the retina blood ves-
sels at different levels and to quantify blood flow density
[16-18]. On the one hand, multimodal imaging technol-
ogy contributes to the diagnosis of fundus diseases. On
the other hand, in the process of exploring the nature
of diseases, it can provide a new understanding of the
pathological mechanism of diseases, which contrib-
utes to accurate diagnosis and dynamic monitoring of
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ophthalmic diseases, and provides a good reference for
the selection of treatment for ophthalmic diseases. How-
ever, there was little report about using multimodal imag-
ing to evaluate the efficacy of IVR with or without IVTA.
In our study, multimodal imaging was used to observe
the microvascular and foveal changes before treatment,
and at the last visit after IVR with or without IVTA in
patients with RVOs.

Methods
This study was a retrospective cohort study and it was
approved by the Second.

Xiangya Hospital Ethics Committee. Patients under-
going IVR (0.5 mg) and IVTA (1 mg) injections for
RVO were included in the study. The diagnosis of RVO
was confirmed with fundus fluorescein angiography
(FFA), spectral domain optical coherence tomography
(SDOCT), and optical coherence tomography angiog-
raphy (OCTA). Exclusion criteria included previous
treatment for RVO, previous retinal surgery, age-related
macular degeneration, diabetic retinopathy, and other
retinal vascular diseases. Visual acuity, central foveal
thickness, duration of edema, severity of inflammation,
personal experience of the physician, and patient’s treat-
ment preference are all key considerations in choosing
IVR with or without IVTA. All patients received at least
once IVR with or without IVTA. Additional IVR with or
without IVTA were required when any of the following
conditions occurred: (1) macular effusion; and (2) central
retinal thickness increased greater than 100 um com-
pared with previous measurements. All patients were
followed up at 1 day, 1 week, and 1 month after the first
intravitreal injection. Postoperative follow-up was per-
formed once a month. The best corrected visual acuity
(BCVA), IOPD, slit lamp, and indirect ophthalmoscopy,
fundus photography, FFA (Optos 200Tx Imaging System;
Optos PLC, Dunfermline, Scotland), SDOCT (Carl Zeiss
Meditec, Jena, Germany), and OCTA (RT Vue XR Avanti,
AngioVue; Optovue, Inc., Fremont, CA, USA) were per-
formed before the intravitreal injection and at the last
visit. All patients were followed up monthly from the
beginning of the first treatment to at least 6 months after
the first treatment.

Optical coherence tomography angiography
OCTA works with Avanti RTVue XR AngioVue software
(Optovue Inc., Fremont,

CA, USA). The scanning area of macular angiography
was 6 X6 mm, and four.

images were automatically generated by the instru-
ment. They were of the shallow retina, deep retina, outer
retina, and choroid capillary layer. The FAZ area was
measured with the non-flow function in OCTA software.
The mesh consisted of two circles: an inner circle and an
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Table 1 Clinical and demographic data from the study
population

Characteristic CRVO BRVO P
Value
No. of eyes 25 27 —
Age, y (SD) 555+14.774 57.5+£12.625 0.608
Sex, male/female 8/16 15/11 0.084
Hypertension (%) 11(46) 17(65) 0.164
Diabetes (%) 521 8(31) 0.424
Hyperlipidemia (%) 8(32) 8(30) 022
Duration of macular 256+0917 2926+1.328 0.257

edema (month)

BRVO, Branch Retinal Vein Occlusion; CRVO, Central Retinal Vein Occlusion. Age
is expressed as the mean+SD

outer circle. The foveal thickness was calculated from the
inner circle with a diameter of 1 mm.

Spectral domain optical coherence tomography

SDOCT was used to detect the foveal thickness, macular
foveal hyperreflective dots (near the fovea, less than 50
microns in size, with reflectivity similar to that of the ret-
inal nerve fiber layer and without background shadows),
epimacular membrane or vitreomacular traction, ellip-
soid zone interrupted, disorganization of the retinal inner
layers (DRIL), external limiting membrane interrupted.

Fluorescein angiography
FFA was used to evaluate disruption of the perifoveolar
capillary arcade, late macular leakage, macular ischemia,
and peripheral ischemia.
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Statistical analysis
SPSS 27.0 software was used for statistical analysis. The
BCVA was converted to logMAR for statistical evalua-
tion. A lower logMAR vision was a better Snellen equiva-
lent. Multivariable regression (a in =0.05, a out =0.10)
was used to identify the most critical factors for BCVA.
The injection number, changes of.

logMAR VA, FAZ, foveal thickness, and superficial
foveal vessel density between IVR and IVR with IVTA
were compared with t-test. The changes of OCT features,
OCTA features, and FFA features between IVR and IVR
with IVTA were compared with chi-square test. P<0.05
was considered statistically significant.

Results

The basic clinical information for the included patients is
shown in Table 1. A total of 50 patients with a history of
RVO were enrolled in this study (27 females, 23 males,
mean age 56.54113.594 years). Twenty-eight patients
had hypertension, thirteen had hyperglycemia. There
were no significant differences in age, sex, hypertension,
and diabetes between the CRVO and BRVO groups.

The mean logMAR visual acuities in BRVO eyes
decreased significantly after treatment (0.904+0.574
vs. 0.585+0.464, P=0.029, Table 2). OCTA revealed
significant differences in the FAZ (0.411+0.126 vs.
0.505+0.168, P=0.024) in the BRVO group. Foveal ves-
sel density decreased in both the CRVO (30.875+7.313
vs. 23.091£7.142, P=0.0004) and BRVO (33.289+8.66 vs.
28.047+7.557, P=0.02155) groups after treatment. OCT

Table 2 Multimodal imaging data of patients with RVO at baseline and final follow-up. BCVA, best-corrected visual acuity; IOP,
intraocular pression; OCTA, optical coherence tomography angiography; OCT, optical coherence tomography; FAZ, foveal avascular
zone; DRIL, disorganization of the retinal inner layers; FFA, fundus fluorescein angiography

Variables CRVO BRVO

First visit Last visit P-value First visit Last visit P-valve
BCVA 1.088+0.463 0.864+£0.505 0.109 0904+0.574  0.585+0464 0.029
(LogMAR) 1554842325  16736+1938 0056 16933+£2247 1811542336 0064
IOP(mmHg)
OCTA features
FAZ(mm?) 0.455+0.187 0.556+0.247 0.112 0411+£0.126 0.505+0.168 0.024
Superificial Foveal Vessel Density(%) 30.875+7.313 23.091+7.142 0.0004 33.289+866  28.047+7557 0.02155
OCT features
Foveal Thickness (um) 530.92+£132.249 33284494848 <0.0001 429+131.833 309.926+65.365 0.0001
Macular foveal hyperreflective dots n (%) 9(36) 6 (24) 0.538 14(52) 8 (30) 0.166
Epimacular membrane or vitreomacular traction, n (%) 3 (12) 2(8) 1 3(11) 2(7) 1
Ellipsoid zone interrupted n (%) 16(64) 8(32) 0.046 17(63) 12(44) 0.275
DRIL n (%) 17(68) 9(36) 0.056 23(85) 14(52) 0018
External limiting membrane interrupted n (%) 12(48) 7(28) 0.244 17(63) 11(41) 0173
FFA features
Disruption the perifoveal capillary arcade n (%) 25(100) 20(80) 0.05 21(78) 17(63) 0372
Late macular leakage n (%) 24(96) 8(32) <0.001 23(85) 2(7) <0.001
Macular ischemia n (%) 21(84) 19(76) 0.725 12(44) 11(41) 1
Peripheral ischemia n (%) 25(100) 25(100) 1 26(96) 23(85) 0.351
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scans showed a significant decrease in foveal thickness
in both the CRVO (530.92+132.249 vs. 332.841+94.848,
P<0.0001) and BRVO (429+131.833 vs. 309.926 +65.365,
P=0.0001) groups post-treatment; interruption of the
ellipsoid zone was significantly different in the CRVO
group after treatment (P=0.046), while DRIL decreased
significantly in the BRVO group (P=0.018). FFA demon-
strated significant improvement in late macular leakage
after treatment in both the CRVO (P<0.001) and BRVO
(P<0.001) groups. All initial and final data obtained from
OCTA, SD-OCT, and FFA are presented in Table 2. Fig-
ure 1 depicts the enlargement of the FAZ, the reduc-
tion in foveal vessel densities, and the decrease in foveal
thickness in a representative patient.

As show in Table 3, this study confirmed that patients
with ellipsoid zone or external limiting membrane
integrity had lower BCVA values compared to those
without an ellipsoid zone or external limiting mem-
brane integrity (0.663+£0.344 vs. 1.182+0.524 log-
MAR, P<0.001; 0.809+0.505 vs. 1.138+0.505 logMAR,
P=0.024). Patients with DRIL had higher BCVA val-
ues (0.955+0.429 vs. 0.608+0.223 logMAR, P=0.01).
The effects of macular foveal hyperreflective dots, an
epimacular membrane, or vitreomacular traction and
serous retinal detachment on visual acuity were not sta-
tistically significant (1.004£0.679 vs. 0.983+0.378 log-
MAR, P=0.892; 1.217+0.542 vs. 0.963+0.524 logMAR,
P=0.272; 1.12+0.454 vs. 0.941£0.551 logMAR, P=0.27,
respectively). Figure 2 showed alleviated macular edema,

Baseline
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reduced foveal thickness, and rebuilt ellipsoid zone in
three typical cases after treatment.

The multivariable regression identified the factors most
relevant to BCVA (Table 4). BCVA was associated most
commonly with ellipsoid zone integrity (P=0.022).

The BCVA in eyes treated with IVR and IVTA was
significantly decreased compared with IVR only in
BRVO group (P=0.021). However, the combination of
IVR+IVTA significantly improved intraocular pres-
sure (IOP) compared with IVR only in BRVO group
(P=0.037). The combination of IVR+IVTA significantly
decreased macular foveal hyperreflective dots compared
with IVR only in BRVO group (P=0.02). There were no
significant differences in secondary catract between the
IVR and IVR+IVTA groups in both CRVO and BRVO.
The details were shown in Table 5.

Supplemental Fig. 1 showed the mean change of BCVA
and IOP over time for the groups treated.

Discussion

In this study, we chose ranibizumab as an anti-VEGF
agent. Ranibizumab has been approved by the State
Medical Products Administration for the treatment of
visual impairment caused by ME secondary to RVO,
including BRVO or CRVO, and has become the only anti-
VEGF drug with indication for RVO in China. By choos-
ing ranibizumab as the treatment for RVO, patients can
enjoy certain medical insurance reimbursement in China.
Previous studies have reported that some RVO patients

Fig. 1 OCTA and OCT images of a typical case of ME secondary to RVO before therapy and final visit after therapy are shown. The upper row represents
the enlargement of FAZ and the reduction of foveal vessel densities; the lower row represents the decrease of foveal thickness. OCTA, optical coherence
tomography angiography; OCT, optical coherence tomography; ME, macular edema; RVO, Retinal Vein Occlusion; FAZ, foveal avascular zone
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Table 3 The influence of macular foveal hyperreflective dots,
epimacular membrane or vitreomacular traction, ellipsoid zone
integrity, DRIL, external limiting membrane interrupted and
serous retinal detachment on the BCVA of ME

Variables BCVA (LogMAR)  P-value
RVO type 0211
CRVO 1.088+0.463

BRVO 0.904+0.574

Macular foveal hyperreflective dots 0.892
Yes 1.004+0.679

No 0.983+0.378

Epimacular membrane or 0.272
vitreomacular traction, n (%)

Yes 1.217£0.542

No 0.963+£0.524

Ellipsoid zone integrity <0.001
Yes 0.663+£0.344

No 1.182+£0.524

DRIL 0.01
Yes 0.955+£0.429

No 0.608+0.223

External limiting membrane integrity 0.024
Yes 0.809+0.505

No 1.138+£0.505

Serous retinal detachment 0.27
Yes 1.12+0454

No 0.941+£0.551

Disruption the perifoveal capillary arcade 0.35
Yes 0.967+0.537

No 1.183+£0.436

Late macular leakage 0.574
Yes 0.979+0.524

No 1.12+£0.597

Macular ischemia 0.849
Yes 1.003+£0.459

No 0.974+0.641

RVO, Retinal Vein Occlusion; BRVO, Branch Retinal Vein Occlusion; CRVO, Central
Retinal Vein Occlusion; BCVA, best-corrected visual acuity; DRIL, disorganization
of the retinal inner layers

do not respond sensitively to anti-VEGF drugs [19]. For
RVO patients who are not sensitive to anti-VEGF drugs,
intravitreal steroid injections may be beneficial. Triam-
cinolone acetonide has been widely used in the treat-
ment of ME [20]. Previous studies have shown that IVTA
0.4 mg had little difference in visual acuity improvement
in patients with ME, while 4 mg had an increased risk of
ocular hypertension [21]. We chose 1 mg as the therapeu-
tic dose. In addition, no patient had elevated intraocular
pressure in our study, so 1 mg is a relatively safe dose that
is not likely to cause elevated IOP. Our study confirmed
that the effectiveness of IVR with or without IVTA in the
treatment of ME caused by RVO, and visual acuity and
the macular structure were significantly improved after
treatment.
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In the current study, we measured the FAZ area and
foveal vessel densities with OCTA in RVO patients to
evaluate the effect of IVR with or without IVTA on
retinal vascular perfusion. The FAZ area was enlarged
after IVR with or without IVTA. This was similar to
other reports. Suzuki et al. reported enlargement of the
FAZ region after 6 months of intravitreal bevacizumab
or aflibercept treatment [22]. We speculated that FAZ
remodeling might indicate the dynamic changes of intra-
ocular vascular flow in BRVO patients, but the mecha-
nism of FAZ enlargement after anti-VEGF therapy has
not been definitively determined. After anti-VEGF
therapy, intravitreal anti-VEGF drugs can only delay the
release of VEGE, but the situation of retinal ischemia and
hypoxia and retinal vessel reperfusion still exists, so even
after anti-VEGF therapy, the FAZ is still expanded. Cam-
pochiaro et al. [23] also found that monthly injections of
anti-VEGF drugs could only delay the release of VEGE,
but could not prevent the process in the long term. This
also suggested that blood perfusion in the macular area
may also be a feature of RVO’s transition to hypoxia with
the progression of RVO [24].

We also found that the foveal vessel density was
decreased after treatment. This result is similar to previ-
ous reports, which reported that anti-VEGF therapy may
aggravate retinal ischemia due to decreased superficial
blood flow density [25, 26]. However, some studies have
shown that anti-VEGF therapy has a positive effect on
retinal vascular perfusion and can slow down the retinal
deterioration of vascular hyperfusion [27], but there is
no unified conclusion on the effect of anti-VEGF therapy
on the blood flow state of the posterior pole of the ret-
ina. RVO causes retinal ischemia and induces increased
release of VEGF factors, which in turn aggravates retinal
ischemia and hypoxia, which is also a positive feedback
loop in the pathological process of RVO. Anti-VEGF
therapy can block the positive feedback loop, slow down
the progression of anperfusion, and stabilize the macular
blood flow state, but it does not significantly improve the
macular blood flow state in most RVO patients. Mane et
al. [28] showed that although capillaries existing above
the cystic space could appear in OCTA after edema sub-
sided, it was unlikely that capillaries in the macular area
would undergo reperfusion after anti-VEGF treatment.
Winegarner et al. [29] also showed that the retinal cap-
illary perfusion status would not be restored in patients
with RVO, even if ME was recovered.

In addition, SSADA software is able to detect red blood
cells of blood vessels, but only those that move within a
certain range of speed. If the blood flow is too slow or
too fast, the vessels will not show up in OCT images. The
blood flow rate in these non-perfused areas is very slow
and is lower than the detection limit of OCTA 0.3 mm/s.
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Baseline

Final visit

Fig. 2 The OCT images of three typical cases before therapy and final visit after therapy showed macular microstructure. OCT images of RVO (a, ¢, €)
manifested macular edema, increased foveal thickness and ellipsoid zone interrupted. IVR and IVTA treatment (b, d, f) successfully alleviated macular
edema, reduced foveal thickness, and rebuilt ellipsoid zone. OCT, optical coherence tomography; RVO, Retinal Vein Occlusion; IVR, intravitreal ranibi-

zumab; IVTA, intravitreal triamcinolone acetonide

Table 4 Multivariate regression was performed to identify the
most critical factors for BCVA

Factors Beta (95% CI) P-value
Foveal thickness -0.096(-0.002, 0.001) 0.584
Parafoveal vessel density -0.122(-0.03,0.014) 0.46
Foveal avascular zone -0.117(-1.496,0.716) 048
Macular foveal hyperreflective dots  0.234(-0.079, 0.571) 0.134
Epimacular membrane or vitreo- 0.083(-0.33, 0.602) 0.559
macular traction

Ellipsoid zone interrupted 0.499(0.083,0.997) 0.022
DRIL 0.299(-0.049,0.789) 0.082
External limiting membrane -0.014(-0.408, 0.378) 0.940
interrupted

Serous retinal detachment 0.076(-0.281, 0.456) 0.633
Disruption the perifoveolar capil- ~ -0.111(-0.882,0.52) 0.605
lary arcade

Late macular leakage -0.025(-0.726, 0.636) 0.895
Macular ischemia -0.112(-0.519,0.277) 0.542
Peripheral ischemia 0.029(-0.951,1.168) 0.837

BCVA, best-corrected visual acuity; DRIL, disorganization of the retinal inner
layers

Therefore, a partial vascular signal was not detected [23,
25, 30, 31].

With SD-OCT, some structural improvements in the
retina were detected after IVR with or without IVTA.
The foveal thickness decreased after IVR with or with-
out IVTA. The structure of retinal inner layers, ellipsoid
zone, and external limiting membrane were also signifi-
cantly improved. Previous studies have shown that the
retinal inner layers, the ellipsoid zone, and the external
limiting membrane are predictive factors for visual out-
comes after anti-VEGF therapy for RVO [32].

Our study found significant improvement in visual
acuity after treatment and further confirmed that these
structural improvements were closely related to visual
outcomes. The influence of ME on visual function is
mainly due to the damage to photoreceptors, the dam-
age to neurons in the retinal inner layers, and the impair-
ment of light signal transmission caused by ME itself. The
state of macular anperfusion is related to vision, and the
state of photoreceptors is also involved in the process of
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Table 5 Comparison of injection number, VA improvement, IOP elevation, and the changes of OCTA, OCT, FFA between IVR group and

IVR+IVTA group

IVR CRVO BRVO P-value
IVR+IVTA P-value IVR IVR+IVTA

Injection number 3+0.707 2625+0518 0.195 2333+£0675 2.067+0.258 0.234
BCVA (LogMAR) 0.247+0.255 0.175+£0.282 0.529 0.15+0.278 0.453+0.346 0.021
IOP (mmHg) 1.129+1.183 1.313+£2612 0.809 0467 +1.609 1.753+£1.425 0.037
Secondary cataract 5(29) 4(50) 0.394 4 (33) 7(474) 0.696
OCTA features
Area of FAZ (mm?) 0.097+0.11 0.108+0.331 0.906 0.085+0.166 0.101+£0.158 0.803
Superificial Foveal Vessel Density(%) 8.449+7.884 6.369+8.226 0.55 6.28+5.137 4411+5.08 0353
OCT features
Foveal Thickness (um) 224.824+159.7 87 1412548217 0179 122254123996  116.533+99.828  0.895
Macular foveal hyperreflective dots n (%) 3(18) 0(0) 0.527 0(0) 6(40) 0.02
Ellipsoid zone interrupted n (%) 6 (35) 1(13) 0.362 3(25) 3(20) 1
DRIL n (%) 7(41) 2 (25) 0.661 2(17) 6(40) 0.236
External limiting membrane interrupted n (%) 4(24) 0(0) 0.269 1(8) 6(40) 0.091
FFA features
Disruption the perifoveal capillary arcade n (%) 3 (18) 1(13) 1 2(17) 5(33) 0.408
Late macular leakage n (%) 10(59) 7(88) 0.205 9(75) 11(73) 1
Macular ischemia n (%) 1(6) 0(0) 1 1(8) 1(7) 1
Peripheral ischemia n (%) 0(0) 0(0) 1 0(0) 2(13) 0.487

BCVA, best-corrected visual acuity; CFT, central foveal thickness; IOP, introcular pression; IVR, intravitreal ranibizumab; IVTA, intravitreal triamcinolone acetonide;
FAZ, foveal avascular zone; DRIL, disorganization of the retinal inner layers; OCT, optical coherence tomography; OCTA, optical coherence tomography angiography;

FFA, fundus fluorescein angiography

visual impairment [33]. Severe BRVO-ME can lead to a
breakdown of the retinal blood barrier, increased fluid
leakage, and irreversible photoreceptor damage. There-
fore, anti-VEGF treatment will not improve visual acuity
even after a decrease in ME. DRIL refers to the inability
to recognize the ganglion cell-inner plexus complex and
any boundary between the inner and outer plexus layers.
DRIL is a useful biomarker for visual acuity in patients
with RVO-ME.

On FFA, disruption of the perifoveal capillary arcade
and macular ischemia was not significantly decreased
after treatment, which was consistent with the enlarged
FAZ and decreased foveal vessel densities. Treatment
with ranibizumab and triamcinolone acetonide injections
was not sufficient to completely prevent the progression
of posterior retinal ischemia. Peripheral ischemia was not
significantly decreased after treatment, which suggested
that retinal photocoagulation was necessary.

In the present study, the result of multivariable regres-
sion demonstrated that BVCA post [IVR+IVTA was
associated with ellipsoid zone integrity. Previous studies
have reported that the close relationship between ellip-
soid zone integrity and BCVA in various ocular diseases
including proliferative diabetic retinopathy, macular hole
and epiretinal membrane [34-36]. The restoration of
ellipsoid zone integrity suggested that the improvement
of photoreceptor cells and visual acuity.

Our research has identified that patients with CRVO
and BRVO exhibit different responses to treatment.

The main differences in the pathological mechanisms
between BRVO and CRVO lie in the sites and severity of
onset, as well as the way and extent to which they affect
different regions of the retina. CRVO involves the block-
age of the central retinal vein, leading to restricted blood
circulation in a wide area of the retina. This can result in
extensive retinal edema, hemorrhage, and ischemia, ulti-
mately causing severe impairment of retinal function. On
the other hand, BRVO typically occurs at the branching
points between the central retinal artery and one or mul-
tiple branches of the retinal vein, obstructing blood flow
in that specific region. BRVO often manifests as retinal
hemorrhage, edema, and ischemic changes at the bifurca-
tion of the central retinal artery and vein, leading to func-
tional impairment in the affected retinal area. Therefore,
the pathology induced by CRVO is more severe, result-
ing in a poorer response to treatment with intravitreal
anti-VEGF injections with or without intravitreal triam-
cinolone acetonide compared to BRVO. In our study, the
IOP of the eyes after intraocular injection did not rise
(=25mmHg) and required immediate treatment.

The combination of IVR+IVTA significantly improved
visual acuity compared with IVR only in BRVO group.
Fan C et al. reported that there was no significant differ-
ence of mean BVCA between IVR+IVTA group and IVR
group in CRVO patients [15]. The findings of our study
differ from previous research, and we believe the poten-
tial reasons for this discrepancy are as follows: firstly, our
study is retrospective in nature, which may introduce
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some selection bias in the choice of patients who received
intravitreal ranibizumab with or without triamcinolone
acetonide. Secondly, the sample size is relatively small,
which might not be representative enough and could
impact the accuracy of the study’s conclusions. We found
there were no significantly difference in the changes of
OCT features, OCTA features, and FFA features between
IVR and IVR with IVTA. In terms of the lens status in
patients at baseline and the last visit, we have taken into
account the potential impact of corticosteroid treatment,
specifically triamcinolone acetonide (TA), on cataract
progression. We have assessed the lens status at both
baseline and the last visit for all patients in our study.
Some patients had pre-existing cataracts to a certain
extent before treatment. During the six-month follow-up
treatment period, no significant worsening of cataracts
was observed in any of the patients.

In conclusion, both IVR and IVR+IVTA can signifi-
cantly improve the central vision, macular structure, and
functions. Simultaneous IVR with IVTA can significantly
decrease the injection number compared with IVR only.
There was no significant difference in efficacy between
the two treatments group.

The limitations of this study were the small number of
patients enrolled and the limited flow density and FAZ
analysis area (6xX6 mm). In addition, signal blocking due
to retinal surface hemorrhaging, motion artifacts due to
solid vision dysplasia, projection artifacts, and failure
to completely eliminate segmentation errors may affect
the results of the observation indicators. In addition, we
evaluated only superificial foveal vessel density related
parameters, but not the deep and intermediate capillary
plexuses. Therefore, studies using different devices and
algorithms as well as larger sample sizes are needed to
further verify the results of this study, so there can be a
more comprehensive understanding of the microvascular
changes in RVO patients.

Conclusions

In summary, our research found that both IVR and
IVR+IVTA can significantly enhance central vision,
macular anatomy, and function. Simultaneous IVR with
IVTA can significantly reduce the number of injections
compared to IVR alone. There was no significant differ-
ence in effectiveness between the two treatment groups.
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BRVO Branch retinal vein occlusion
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