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Abstract 

Background  To identify longitudinal changes in each retinal layer thickness in central retinal vein occlusion (CRVO) 
patients with resolved macular edema (ME).

Methods  In this retrospective observational study, CRVO patients without a recurrence of ME for more than 3 years 
and normal controls were enrolled. Each retinal layer thickness of the parafoveal area, including ganglion cell com‑
plex (GCC), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL), photoreceptor layer 
(PRL), and retinal pigment epithelium (RPE) was measured. After the resolution of ME, three more examinations 
with a 1-year interval were analyzed.

Results  A total of 98 eyes were enrolled, 50 eyes for the control group and 48 eyes for the CRVO group. The baseline 
GCC thickness was 114.2 ± 15.6 μm and 104.2 ± 25.4 μm in the control and CRVO groups, respectively, which was sig‑
nificantly different (P = 0.022). The thicknesses of other layers including INL, OPL, ONL, PRL, and RPE were not signifi‑
cantly different at baseline. The reduction rate of GCC, INL, OPL, and ONL was − 3.92, − 1.33, − 0.91, and − 2.31 μm/year 
in the CRVO group, whereas no significant reductions were observed in the control group. Best-corrected visual acuity 
was significantly associated with changes in the GCC, OPL, and ONL in the CRVO group.

Conclusions  In patients with CRVO, even in the absence of recurrent ME, retinal damage progresses over time, 
evidenced by thinning of the inner retina and outer retina including OPL and ONL. These changes may be associated 
with alterations in visual function.
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Background
Central retinal vein occlusion (CRVO) is one of the most 
common retinal vascular diseases [1]. The prevalence 
has been reported to be 0.1% to 0.4%, and it is known 
to be more common in individuals with arteriosclerosis, 

diabetes, and hypertension [2–4]. The upregulation of 
vascular endothelial growth factor (VEGF) expression in 
the retinal non-perfusion area increases vascular perme-
ability, leading to macular edema (ME) and subsequent 
vision loss [5]. Since the development of anti-VEGF treat-
ments, various clinical trials have demonstrated their 
efficacy in CRVO accompanied by ME [6, 7]. Intravitreal 
steroid injections are also considered effective treatments 
for ME in CRVO patients [8].

Although anti-VEGF and steroid treatments may lead 
to the improvement of ME, CRVO-induced retinal dam-
age may not fully recover. Podkowinski et al. [9] reported 
neuroretinal atrophy in CRVO eyes with resolved ME 
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after ranibizumab therapy. Kim et al. [10] demonstrated 
a reduction of inner retinal layer thickness in ME eyes 
compared with non-ME eyes; the minimum ganglion 
cell-inner plexiform layer (GC-IPL) thickness was corre-
lated with the visual acuity in non-ischemic CRVO. Their 
findings suggested that inner retinal damage can result 
in permanent visual impairment after treatment. There-
fore, CRVO-induced retinal thinning, potentially associ-
ated with visual function, may manifest as retinal damage 
despite the absence of ME. However, to our knowledge, 
there is a lack of longitudinal studies regarding each reti-
nal layer thickness in CRVO patients with resolved ME.

The purpose of this study was to explore longitudinal 
changes in the thickness of each retinal layer in CRVO 
patients with resolved ME.

Methods
Patients
This retrospective, longitudinal, observational study 
adhered to the tenets of the Declaration of Helsinki; the 
study protocol was approved by the Institutional Review 
Board/Ethics Committee of Konyang University Hospital, 
Daejeon, Republic of Korea (No. 2024–03-008). Patients 
who attended our retinal clinic between March 2017 and 
December 2023 were screened for inclusion. The require-
ment for informed consent was waived by the Insti-
tutional Review Board/Ethics Committee of Konyang 
University Hospital due to the retrospective nature of the 
study. Patients with CRVO who had not experienced ME 
recurrence for ≥ 3 years after anti-VEGF treatment were 
included. To analyze the association between visual acu-
ity and retinal thickness changes, patients with ischemic 
CRVO (presence of ≥ 10 disc areas of retinal capillary 
nonperfusion on fundus fluorescein angiography) who 
typically experienced persistent severe visual impair-
ment were excluded [11]. The control group included 
patients who had been diagnosed with unilateral epireti-
nal membrane, macular hole, or intraocular lens disloca-
tion. Fellow eyes without any ophthalmic pathology were 
included for comparative analysis.

After ME resolution, three additional examina-
tions at 1-year intervals were performed and analyzed. 
The exclusion criteria were a history of ocular surgery 
except cataract extraction, ocular diseases other than 
CRVO, intraocular pressure (IOP) > 21  mmHg, axial 
length ≥ 26  mm, and optic disc pathology. Patients who 
previously received or required photocoagulation treat-
ment during the study period were also excluded.

Optical coherence tomography (OCT)
OCT measurements were performed by a skilled exam-
iner with spectral-domain OCT (SD-OCT; Spectralis; 
Heidelberg Engineering, Heidelberg, Germany), using 

a volume scan of 25 horizontal line scans (512 A-scans 
per B-scan, 245  μm interscan distance) with automatic 
real-time mode averaging six images. Retinal thickness 
map analyses were used to establish numeric averages of 
the measurements for the nine Early Treatment Diabetic 
Retinopathy Study (ETDRS) subfields in assessments of 
retinal layer thickness. To examine changes in each reti-
nal layer thickness over time in detail, we analyzed the 
parafoveal area (intermediate ring of ETDRS subfields, 
ranging from 1 to 3  mm from the subfoveal region), 
which is characterized by a relatively thicker inner reti-
nal layer. Automated retinal layer segmentation was 
performed using the built-in software, Heidelberg Eye 
Explorer ver. 6.9a (Heidelberg Engineering, Heidelberg, 
Germany). The thicknesses of the ganglion cell com-
plex [GCC, including retinal nerve fiber layer, ganglion 
cell layer, and inner plexiform layer (IPL)], inner nuclear 
layer (INL), outer plexiform layer (OPL), outer nuclear 
layer (ONL), photoreceptor layer (PRL), and retinal pig-
ment epithelium (RPE) were measured (Fig. 1). Two inde-
pendent investigators (M.W.L. and J.H.J.) checked OCT 
images, and manual adjustment was performed when an 
obvious segmentation error was found. Images with a 
quality score below 15 were excluded; images with decen-
tration, misalignment, or severe segmentation errors 
were also excluded.

Statistical analysis
Baseline demographic characteristics and ocular param-
eters were compared using independent t-tests. For cat-
egorical variables, the Chi-squared test was employed 
to compare two groups. To compare each retinal layer 
thickness with the previous measurements in the CRVO 
group, paired t-tests were used. P values were adjusted 
using Bonferroni correction. Linear mixed models were 
used to identify significant changes in each retinal layer 
over time for each group, along with the reduction rate of 
each retinal layer thickness. Each retinal layer thickness 
was fitted with linear mixed models with best-corrected 
visual acuity (BCVA) and follow-up duration as fixed 
effects. A random intercept was included at the eye level. 
In the CRVO group, generalized linear mixed models 
were used to identify factors associated with changes in 
each retinal layer thickness over time. Statistical analyses 
were performed using the SPSS Statistics software (ver-
sion 18.0; IBM Corp., Armonk, NY, USA).

Results
Demographics
In total, 98 eyes were included – 50 in the control 
group and 48 in the CRVO group. BCVA values were 
0.05 ± 1.0 logMAR and 0.46 ± 0.57 logMAR in the 
control and CRVO groups, respectively (P < 0.001; 
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Table  1). The remaining baseline characteristics, 
including age, sex, diabetes, hypertension, spherical 
equivalent, IOP, and axial length, did not significantly 
differ between the two groups. All data were confirmed 
to follow a normal distribution using the Shapiro–Wilk 

test. In the CRVO group, the duration from CRVO 
onset to baseline was 12.3 ± 7.8  months. The mean 
interval between the final intravitreal injection and 
baseline was 5.6 ± 10.7 months, and the mean number 
of previous intravitreal injections was 3.7 ± 2.9.

Fig. 1  Macular regions analyzed by spectral-domain optical coherence tomography scan in the retinal thickness map analysis. a The thickness 
of the parafoveal area (red circle) ranging from 1 to 3 mm from the subfoveal region was analyzed. Representative B-scan images of the control 
group (b) and the CRVO group (c). The boundaries of the fundus structure were segmented by an automated algorithm. CRVO, central retinal vein 
occlusion; NFL, nerve fiber layer; GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer 
nuclear layer; PRL, photoreceptor layer; RPE, retinal pigment epithelium

Table 1  Baseline demographic characteristics

Data are shown as the mean ± SD unless otherwise indicated

Values in boldface (P < 0.050) are statistically significant

CRVO = central retinal vein occlusion; BCVA = best-corrected visual acuity; CMT = central macular thickness

Parameter Control group (n = 50) CRVO group (n = 48) P value

Age (year) 67.4 ± 13.5 68.9 ± 15.2 0.230

Sex (male, %) 34 (68.0) 25 (52.1) 0.108

Laterality (right, %) 24 (48.0) 26 (54.2) 0.542

Diabetes (n, %) 12 (24.0) 8 (16.7) 0.368

Hypertension (n, %) 8 (16.0) 14 (29.2) 0.060

Lens status (pseudophakic, %) 8 (16.0) 7 (14.6) 0.846

Spherical equivalent (diopter) − 0.60 ± 2.36 − 0.44 ± 1.77 0.715

Intraocular pressure (mmHg) 13.9 ± 3.4 14.4 ± 4.0 0.492

Axial length (mm) 24.0 ± 1.4 24.1 ± 1.3 0.862

BCVA (logMAR) 0.05 ± 0.10 0.46 ± 0.57 < 0.001
CMT (μm) 268.7 ± 24.2 265.8 ± 32.2 0.608
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Each retinal layer thickness at each visit
In the control group, the quality score of OCT images 
was 33.1 ± 2.1, 33.2 ± 2.0, 32.9 ± 2.3, and 33.0 ± 2.2  dB 
and the central macular thickness was 268.8 ± 24.2, 
271.5 ± 22.7, 269.3 ± 23.4, and 269.3 ± 23.4  μm at base-
line, 1 year, 2 years, and 3 years, respectively (P = 0.642). 
In the CRVO group, the quality score was 32.8 ± 2.0, 
33.2 ± 1.9, 32.9 ± 2.1, and 33.1 ± 2.3  dB and the cen-
tral macular thickness was 265.8 ± 32.2, 263.1 ± 35.7, 
260.4 ± 36.7, and 250.1 ± 34.3  μm, respectively 
(P = 0.005). Thus, there was a significant reduction over 
time only in the CRVO group. Baseline GCC thick-
nesses were 114.2 ± 15.6 and 104.2 ± 25.4 μm in the con-
trol and CRVO groups, respectively (P = 0.022; Table 2). 
The thicknesses of the remaining layers, including INL, 
OPL, ONL, PRL, and RPE, did not significantly differ 
at baseline. The GCC, INL, OPL, and ONL thicknesses 
significantly decreased over time in the CRVO group, 
but not in the control group. The PRL and RPE thick-
nesses did not significantly change over time in either 
group (Fig. 2).

Reduction rate and associated factors for each retinal layer 
reduction in the CRVO group
The reduction rates for GCC, INL, OPL, and ONL 
were − 3.92, − 1.33, − 0.91, and − 2.31  μm/year, respec-
tively, in the CRVO group; these rates significantly dif-
fered from rates in the control group (Table  3). The 
reduction rates for PRL and RPE were −  0.05 and 
0.67  μm/year, respectively, in the CRVO group; these 
rates were not statistically significant. Age (B = − 0.63, 
P = 0.003) and BCVA (B = − 7.78, P = 0.009) were sig-
nificantly associated with GCC reduction in the CRVO 
group (Table  4). Additionally, BCVA was significantly 
associated with reductions in OPL (B = − 1.81, P = 0.047) 
and ONL (B = − 7.68, P < 0.001). None of the investigated 
factors were significantly associated with the changes in 
PRL and RPE thicknesses.

Discussion
Retinal thinning is frequently observed in patients who 
exhibited persistent CRVO without recurrent ME. Pre-
vious studies also revealed inner retinal layer thinning 
among CRVO patients [9, 10]. However, longitudinal 
analyses of changes in the inner retinal layer have rarely 
been reported, and no analyses of outer retinal layer 
thickness have been reported thus far. The present study 
investigated longitudinal changes in each retinal layer 
thickness in patients with CRVO without recurrent ME 
over 3  years, revealing significant reductions over time 
in the GCC, INL, OPL, and ONL. Additionally, changes 

in the GCC, OPL, and ONL were significantly associated 
with BCVA.

At baseline, GCC thickness was significantly thinner in 
the CRVO group than in the control group. Because of its 
high vascularity, the GCC is expected to rapidly respond 
to anti-VEGF treatment, exhibiting drastic changes in 

Table 2  Parafoveal thickness in each retinal layer at each visit

Values in boldface (P < 0.050) are statistically significant

CRVO = central retinal vein occlusion; GCC​ = ganglion cell complex; INL = inner 
nuclear layer; OPL = outer plexiform layer; ONL = outer nuclear layer; PRL = 
photoreceptor layer; RPE = retinal pigment epithelium
* Independent t-test for baseline values
† Linear mixed model

Parameter Control group CRVO group P value*

GCC (μm)

  Baseline 114.2 ± 15.6 104.2 ± 25.4 0.022
  First year 112.7 ± 15.6 98.3 ± 22.1

  Second year 112.9 ± 12.6 95.8 ± 24.2

  Third year 113.1 ± 11.2 90.6 ± 20.8

P value† 0.695 < 0.001
INL (μm)

  Baseline 40.7 ± 3.7 41.6 ± 8.3 0.466

  First year 40.7 ± 3.6 39.4 ± 8.4

  Second year 40.4 ± 3.6 38.3 ± 9.5

  Third year 40.0 ± 3.7 37.2 ± 9.1

P value† 0.084 < 0.001
OPL (μm)

  Baseline 33.3 ± 4.7 35.5 ± 7.8 0.080

  First year 32.1 ± 4.2 33.6 ± 7.7

  Second year 32.8 ± 4.5 32.5 ± 7.7

  Third year 33.2 ± 4.8 32.3 ± 7.1

P value† 0.783 < 0.001
ONL (μm)

  Baseline 69.3 ± 9.7 69.9 ± 15.9 0.817

  First year 70.3 ± 9.8 65.6 ± 13.9

  Second year 69.7 ± 10.2 62.6 ± 12.5

  Third year 68.8 ± 10.8 62.0 ± 14.2

P value† 0.295 < 0.001
PRL (μm)

  Baseline 66.8 ± 2.5 66.5 ± 1.9 0.566

  First year 66.6 ± 2.4 66.7 ± 2.5

  Second year 65.9 ± 5.4 66.7 ± 2.8

  Third year 66.6 ± 2.3 66.6 ± 3.1

P value† 0.318 0.863

RPE (μm)

  Baseline 15.4 ± 1.9 15.3 ± 4.2 0.814

  First year 15.5 ± 2.0 15.5 ± 3.5

  Second year 15.5 ± 2.4 16.3 ± 5.5

  Third year 15.5 ± 1.9 16.1 ± 6.3

P value† 0.991 0.092
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thickness. The rich vasculature of this layer is presumed 
to play an important role in its formation and structural 
maintenance; CRVO-induced hypoperfusion may contrib-
ute to its thinning. Additionally, its high oxygen demand 
increases vulnerability to hypoxic damage, leading to early 
retinal thinning. In contrast, the INL, OPL, and INL in the 
CRVO group tended to display increased thickness com-
pared with the control group, although these findings were 
not statistically significant. Because these layers exhibit 
less vascularity or avascularity, they may require longer 
intervals to recover baseline thickness compared to the 
GCC. The PRL and RPE, which receive a portion of their 

oxygen supply from the choroid, did not exhibit significant 
differences between the two groups or changes over time.

The GCC, thinner in the CRVO group than in the con-
trol group from a relatively early stage after ME reso-
lution, continued to display significant thinning over 
3 years. Previous longitudinal studies have demonstrated 
sustained inner retinal damage due to vascular diseases, 
such as diabetes or hypertension [12, 13]. However, con-
tinued inner retinal damage in CRVO has rarely been 
reported. CRVO-affected retinas appear to experience 
continuous inner retinal damage, despite the absence of 
ME recurrence. Therefore, these changes should be con-
sidered when analyzing inner retinal layer thickness in 
CRVO patients. Notably, Roh et  al. [14] reported that 
parafoveal inner retinal thinning after ME resolution by 
anti-VEGF treatment was predictive of a lower risk of ME 
recurrence in CRVO. Since we included patients who did 
not experience ME recurrence for an extended interval, 
many patients with advanced inner retinal thinning may 
have been present among the CRVO patients in this study.

A previous study showed that 12.6% of CRVO patients 
exhibited retinal atrophy, predominantly in the IPL to 
ONL, 6  months after ME resolution [9]. Although the 
study revealed thinning of the IPL, INL, OPL, and ONL 
in a small subset of patients, the examination period was 
short. In contrast, the present study demonstrated signif-
icant decreases in INL, OPL, and ONL thicknesses over 
3 years. These decreases may be involved in the process 
of ME recovery but could also result from retinal damage 

Fig. 2  Scatter plots and line graphs showing the means and standard deviations of each retinal layer thickness at each visit. The thickness 
of ganglion cell complex (GCC) (P < 0.001), inner nuclear layer (INL) (P < 0.001), outer plexiform layer (OPL) (P < 0.001), and outer nuclear layer (ONL) 
(P < 0.001) significantly decreased over time in the central retinal vein occlusion (CRVO) group but not in the control group. The photoreceptor layer 
(PRL) and retinal pigment epithelium (RPE) thicknesses did not significantly change in either group. * Indicates statistically significant differences

Table 3  Rates of change in each retinal layer thickness, 
calculated using linear mixed models

Values in boldface (P < 0.050) are statistically significant

CRVO = central retinal vein occlusion; GCC​ = ganglion cell complex; INL = inner 
nuclear layer; OPL = outer plexiform layer; ONL = outer nuclear layer; PRL = 
photoreceptor layer; RPE = retinal pigment epithelium
* Interaction between group and duration in linear mixed models

Parameter Control group CRVO group *P value

GCC​ 0.13 (− 0.54 to 0.80) − 3.92 (− 5.53 to − 2.30) < 0.001
INL − 0.22 (− 0.47 to 0.03) − 1.33 (− 1.83 to − 0.83) 0.001
OPL 0.05 (− 0.29 to 0.39) − 0.91 (− 1.36 to − 0.46) 0.021
ONL − 0.20 (− 0.57 to 0.17) − 2.31 (− 3.45 to − 1.17) < 0.001
PRL − 0.08 (− 0.24 to 0.08) − 0.05 (− 0.34 to 0.23) 0.939

RPE − 0.01 (− 0.10 to 0.10) 0.67 (− 0.12 to 1.46) 0.159
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because thickness changes were negatively associated 
with BCVA. Thinning of these layers may be associated 
with severe impairment of the deep retinal capillary 
plexus in CRVO eyes due to hypoxic damage caused by 
impaired deep retinal capillary plexus [15]. These layers 
exhibited slower and less pronounced changes compared 
with the GCC. Notably, the rate of thickness reduction in 
these layers decreased each year. Unlike the continuously 
decreasing GCC thickness, these layers appeared to par-
tially plateau after thinning. Therefore, although the INL, 
OPL, and ONL were also affected by CRVO, the GCC is 
likely to experience the greatest long-term impact.

Previous studies have demonstrated significant asso-
ciations between inner retinal layer thickness and visual 
acuity in CRVO patients. Cicinelli et  al. [16] found that 
reduced inner retinal thickness was correlated with worse 
visual acuity after ME resolution in RVO patients. Similarly, 
Zheng et al. [17] identified a significant association between 
mean GC-IPL thickness and visual acuity in RVO eyes with 
resolved ME. Consistent with these findings, our study 
demonstrated that changes in the GCC were significantly 
associated with BCVA. Changes in the OPL and ONL also 
were significantly associated with BCVA; these relation-
ships have not been previously reported. These results 
indicate that the continuous thinning of each retinal layer 
due to sustained damage by CRVO, despite ME resolution, 
may adversely affect visual function. Because the OPL and 
ONL tend to stabilize after 2 years, continued thinning in 
the GCC may have more pronounced long-term impacts 
on visual function. Further longitudinal studies with over 
extended intervals are required to confirm this hypothesis.

This study had several limitations. First, its retrospec-
tive nature inevitably led to selection bias. Secondly, the 
absence of assessments (e.g., visual field tests, color vision 
evaluations, and contrast sensitivity analyses) limited our 
ability to comprehensively evaluate changes in visual func-
tion associated with altered retinal layer thicknesses. Third, 
due to a substantial amount of missing data, we were una-
ble to conduct a comparative analysis with the contralat-
eral eyes of the CRVO group. Fourth, we were unable to 
assess the microvasculature status of each retinal capillary 
plexus using OCT angiography, which could be associ-
ated with changes in retinal thickness. Nevertheless, the 
strength of the present study lies in its longitudinal analy-
sis, which revealed sustained damage to each retinal layer 
over 3 years in patients with resolved ME after CRVO; this 
phenomenon has not previously been reported.

Conclusions
In conclusion, even after ME resolution in CRVO 
patients, the GCC, INL, OPL, and ONL continued to 
thin over a 3-year period, indicating persistent retinal 
damage in the absence of ME recurrence. Furthermore, 
changes in the thicknesses of the GCC, OPL, and ONL 
were significantly associated with visual acuity. Although 
the OPL and ONL tended to stabilize by the 3-year fol-
low-up, the GCC exhibited continued thinning, suggest-
ing that changes in the GCC have the greatest long-term 
effects on visual acuity. These findings should be consid-
ered when assessing retinal thickness changes in CRVO 
patients.

Table 4  Linear mixed-effect model determination of factors associated with retinal layer thickness changes, showing significant 
reduction over time in the CRVO group

Values in boldface (P < 0.050) are statistically significant

CRVO = central retinal vein occlusion; GCC​ = ganglion cell complex; INL = inner nuclear layer; OPL = outer plexiform layer; ONL = outer nuclear layer; DM = diabetes 
mellitus; HTN = hypertension; In.No. = number of previous injections; Duration = duration from CRVO onset to baseline; SE = spherical equivalent; IOP = intraocular 
pressure; AXL = axial length; BCVA = best-corrected visual acuity

Parameter GCC​ INL OPL ONL

B (95% CI) P value B (95% CI) P value B (95% CI) P value B (95% CI) P value

Age − 0.63 (− 1.02, − 0.23) 0.003 − 0.07 (− 0.23, 0.08) 0.359 − 0.11 (− 0.25, 0.03) 0.111 0.10 (− 0.13, 0.34) 0.387

Sex 9.65 (− 3.57, 22.88) 0.148 − 0.58 (− 5.27, 4.11) 0.804 3.12 (− 0.99, 7.23) 0.133 3.30 (− 3.77, 10.36) 0.353

DM 10.13 (− 6.99, 27.56) 0.239 2.62 (− 3.62, 8.86) 0.403 0.44 (− 5.21, 6.09) 0.876 0.51 (− 9.09, 10.11) 0.915

HTN − 0.62 (− 14.62, 13.38) 0.929 2.95 (− 1.94, 7.85) 0.231 1.15 (− 3.30, 5.59) 0.606 2.94 (− 4.54, 10.43) 0.433

In.No − 0.30 (− 3.35, 2.75) 0.843 0.73 (− 0.09, 1.57) 0.082 − 0.02 (− 0.77, 0.73) 0.952 − 0.62 (− 1.88, 0.64) 0.327

Duration − 0.08 (− 0.53, 0.36) 0.703 0.055 (− 0.11, 0.21) 0.502 0.01 (− 0.14, 0.15) 0.931 0.03 (− 0.21, 0.27) 0.800

SE 0.84 (− 3.18, 4.87) 0.675 − 1.04 (− 2.38, 0.29) 0.123 − 0.73 (− 1.94, 0.48) 0.232 − 0.57 (− 2.66, 1.51) 0.583

IOP − 0.24 (− 1.92, 1.43) 0.773 0.48 (− 0.09, 1.05) 0.094 0.12 (− 0.41, 0.64) 0.659 − 0.48 (− 1.36, 0.40) 0.275

AXL 7.84 (− 24.11, 39.80) 0.492 − 0.56 (− 4.95, 3.85) 0.748 0.45 (− 5.70, 6.61) 0.857 − 6.88 (− 18.66, 4.90) 0.193

BCVA − 7.78 (− 13.62, − 1.97) 0.009 2.07 (− 0.03, 4.16) 0.054 − 1.81 (− 3.59, − 0.02) 0.047 − 7.68 (− 11.13, − 4.23) < 0.001
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