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BACKGROUND: Anti-vascular endothelial growth factor (VEGF) treatments are the first-line treatment for Retinal Vein Occlusion
(RVO). Although effectiveness and safety of these treatments is well documented, knowledge regarding the effect of lapses in anti-
VEGF treatment among RVO patients is lacking. The purpose of this study is to analyse the anatomic and visual outcomes from a
lapse in anti-VEGF treatment in patients with RVO.
METHODS: This retrospective case-control study evaluated 136 patients diagnosed with RVO and treated with anti-VEGF between
January 2012 and June 2020 at Cole Eye Institute, Cleveland Clinic. Patients were divided into two cohorts: RVO patients with no
lapse in anti-VEGF treatment (control group) and RVO patients with a lapse ≥3 months (lapse group). Central subfield thickness
(CST) and best corrected visual acuity (BCVA) were collected pre-lapse, the first appointment post-lapse, and at 3-, 6-, and 12-month
follow-up appointments.
RESULTS: Lapse patients (n= 68) and control patients (n= 68) had similar pre-lapse CST (p= 0.466) and BCVA (p= 0.303). Lapse
patients experienced a significant increase in CST after discontinuing anti-VEGF therapy (lapse: 400.6 ± 192.1 µm, control: 333.0 ±
111.1 µm, p= 0.024). This persisted 12 months post-lapse after re-initiation of anti-VEGF agents (lapse: 381.6 ± 161.1 µm, control:
307.5 ± 95.4 µm, p= 0.030). Lapse patients also experienced a decrease in BCVA after lapse (lapse: 54.3 ± 25.1 ETDRS, control: 64.4 ±
17.8 ETDRS, p < 0.001) that recovered after 6 months of anti-VEGF treatment.
CONCLUSIONS: RVO patients with any lapse of anti-VEGF treatment are at risk for poorer anatomic and visual outcomes. Though
BCVA normalizes upon treatment resumption, patients experience a statistically significant increase in CST that does not recover.
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INTRODUCTION
Retinal vein occlusion (RVO) affects ~16.4 million people globally
and is the second leading cause of vision loss due to retinal
vascular disease [1]. The two major types of RVO are branch
retinal vein occlusion (BRVO) and central retinal vein occlusion
(CRVO), depending on the location of venous occlusion. When
retinal veins are blocked by a thrombus, the retina becomes
ischemic and upregulates vascular endothelial growth factor
(VEGF). VEGF induces endothelial cell growth, leading to
neovascularization. In pericyte-deprived vessels of the retina,
vascular leakage and macular oedema can occur and manifest as
vision loss.
Intravitreal anti-vascular endothelial growth factor injections

have become the first-line therapy for macular oedema in the
setting of RVO. Prior to the use of anti-VEGF injections, laser
photocoagulation was the primary RVO macular oedema
treatment. However, while laser photocoagulation has been
shown to be effective in treating BRVO related macular oedema,
there is no visual benefit in using laser photocoagulation in
cases of CRVO related macular oedema [2, 3]. Anti-VEGF
intravitreal injections of bevacizumab, ranibizumab, and afliber-
cept have supplanted laser in long-term efficacy and safety

given the results from several clinical trials such as BRAVO,
CRUISE, GALILEO and COPERNICUS [4–7].
A potential challenge for RVO patients is to maintain care with a

high frequency of intravitreal injections required for anti-VEGF
therapy. While some patients receive injections at extended intervals
(e.g. on a pro re nata basis or treat-and-extend protocol), it is
common for patients to require injections every 4–12 weeks [8].
With a demanding schedule as well as other healthcare barriers,
many RVO patients are lost to follow up (LTFU) [9–11].
The effect of lapses in anti-VEGF treatment has not been studied

in detail for RVO. A retrospective cohort study by Gao and Obeid
found that 25.4% of 3400 RVO patients were LTFU [9]. The OCEAN
study also found that after 12 months, 26% of RVO patients
discontinued ranibizumab treatment and after 24 months, 44%
discontinued treatment [10]. However, these studies did not
investigate retinal or visual changes of patients who eventually
returned for further anti-VEGF treatment. This study aims to examine
retinal and visual changes resulting from discontinuation of anti-
VEGF treatment (≥3 months) in macular oedema secondary to BRVO
and CRVO. Retinal thickness and visual acuity (VA) are evaluated
immediately post-lapse and after a year of follow up with anti-VEGF
treatment to evaluate the effect of resumption of treatment.
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METHODS
This retrospective case-control study was approved by the Cleveland Clinic
Investigational Review Board. Because of the retrospective nature of the
study, written informed consent was not required. This study examined
treatment-naïve patients 18 years or older receiving anti-VEGF injections
for macular oedema secondary to BRVO or CRVO between January 2012
and June 2020. Patients with a lapse in evaluation and anti-VEGF treatment
of 3 months or greater were included. Patient with a concomitant
maculopathy (e.g. diabetic retinopathy, age-related macular degeneration,
angioid streaks), treatment at an outside institution, lapse per provider
recommendation (i.e. pro re nata or treat-and-extend protocol), or a
complete loss to follow up were excluded. Only the earliest lapse and the
first eligible eye per patient were evaluated.
A comprehensive chart review was performed. Baseline demographics

including age, race, gender, and eye laterality were collected. Visual
outcomes were measured by Snellen best corrected visual acuity (BCVA),
and retinal thickness was measured by central subfield thickness (CST) on
spectral domain optical coherence tomography. Snellen BCVA was
converted to Early Treatment Diabetic Retinopathy Study (ETDRS) letters
using the equation 85+ 50*log10 (Snellen BCVA). BCVA and CST were
evaluated at five time points for each patient – pre-lapse (visit date
preceding lapse in care/baseline visit), post-lapse (visit date following
return from lapse), and follow-up visits at 3, 6 and 12 months. Additionally,
the lapse length, reason for lapse, specific type of anti-VEGF injection, and
total number of injections between the post-lapse and 12-month follow up
were noted for each patient.
Patients with a lapse in anti-VEGF treatment were matched one-to-one

with control patients who did not lapse in care but met all other inclusion
and exclusion criteria. Importantly, control patients had a simulated lapse
length equal to the lapse length of patients who experienced a true lapse.
Thus, control patients were still assessed on visit dates that were consistent
with lapse patients. Lapse and control patients were paired based on the
following criteria: (1) Time between first ever anti-VEGF injection and pre-
lapse visit; (2) Pre-lapse BCVA. Matching these values ensured similar
baseline factors between groups including visual acuity and number of
anti-VEGF injections as established in previous studies [12, 13]. The type of
anti-VEGF injection and total number of injections were also recorded for
controls. A total of 68 control patients were matched with 68 lapse
patients. The selection process for patients included in the study is shown
in Fig. 1.
Statistical analysis was conducted using R Statistical Software (version

3.6.1, Vienna, Austria). Continuous variables were expressed as means and
standard deviations and compared using paired t tests and independent
sample tests. Categorical variables were expressed as counts and
percentages and compared using Pearson’s chi-squared (χ2) and Fisher’s
exact test. Non-parametric equivalent tests (i.e. Wilcoxon signed rank test)
were completed for continuous variables that did not demonstrate a
normal distribution. Linear mixed model regressions were fitted to analyse
the effect of individual variables on BCVA and CST among lapse and
control patients. The variables in these models were: group (lapse vs
control), time point, and group/time point interaction as fixed effects. Pre-
lapse BCVA and CST were not used as independent terms but as additional
time points, allowing for a more natural representation of the data. Patient
identification numbers were included as a random effect to account for
repeated measures among patients.

RESULTS
A total of 136 eyes for 136 patients were included in this study
with 68 lapse patients and 68 control patients. Baseline
demographics for the two groups can be found in Table 1. The
mean age of the patients was 69.3 ± 11.0 in the lapse group and
73 ± 12.4 in the control group (p= 0.035). In both groups, most
patients were white and female. The total number of anti-VEGF
injections post-lapse was significantly higher in the control group
at 5.4 ± 3.2 than in the lapse group at 3.9 ± 2.6 (p= 0.003). The
lapse length in the lapse group was 7.8 ± 10.5 months while the
simulated lapse length in the control group was 7.8 ± 10.5 (p=
0.660). Lapse lengths experienced by patients in the lapse group
are shown in Supplementary Fig. 1.
Confounding variables were controlled for by a one-to-one

matching process of lapse and control patients. The two matching
criteria included: time elapsed from their first anti-VEGF injection

to their pre-lapse visit and pre-lapse BCVA. The time to lapse was
11.9 ± 14.1 months in both the lapse group and the control group
(p= 1.00). The initial pre-lapse BCVA (ETDRS) in the lapse group
was 63.3 ± 17.8 on average while it was 63.6 ± 19.1 (p= 0.303). CST
values pre-lapse were not matched, but values were similar for
both groups at the pre-lapse visit. The lapse group had an average
retinal thickness of 346.6 ± 128.4 μm and the control group had an
average of 364.2 ± 140.0 μm (p= 0.466).
The mean values for BCVA and CST at each time point were

compared between the lapse and control groups (Fig. 2,
Supplementary Table 1). Immediately post-lapse, the lapse group
had a BCVA of 54.3 ± 25.1 ETDRS while the control group had a
BCVA of 64.4 ± 17.8 (P < 0.001). The difference was noted at
3 months (p= 0.004) but was no longer significant at 6 months or
12 months. There were also significant differences in CST between
the two groups. The lapse group had an average retinal thickness
of 400.6 ± 192.1 µm immediately post-lapse while the control
group had an average retinal thickness of 333.0 ± 111.1 µm (p=
0.024). This increase persisted at 6 months (p= 0.042) and
12 months post-lapse (p= 0.030).
Linear mixed model regressions for BCVA and CST values

matched raw analysis findings. According to the model, the lapse
group had a −9.25 ± 5.49 ETDRS letter decrease at post-lapse
compared to the control group (P < 0.001). However, although the
raw analysis detected a difference in BCVA of −5.70 letters (p=
0.004) between the two groups at 3 months, the linear mixed
model regression did not detect this. The model was consistent
with the raw analysis demonstrating regained visual acuity
6 months and 12 months post-lapse in the lapse group (Table 2).
For CST values, a mixed model validated the results seen in the
raw analysis, displaying a significant increase in macular thickness
immediately post-lapse that persisted at 6 months and 12 months
in the lapse group but not in the control group (Table 3).
Secondary analysis assessed whether RVO type has an effect on

BCVA and CST values. Patients were stratified by CRVO (n= 33)
and BRVO (n= 35) diagnosis. Both CRVO and BRVO linear mixed
model regressions show that both subgroups follow the trends of
the pooled data. Lapse CRVO patients demonstrated a significant
decrease in vision of −8.76 ± 8.69 ETDRS letters immediately post-
lapse (p= 0.048) (Supplementary Table 2). This group also
demonstrated an increase in CST at 6 months post-lapse (p=
0007) and 12 months post-lapse (P < 0.001) with a significant
increase immediately post-lapse (p= 0.011) (Supplementary
Table 3). Similarly, BRVO lapse patients demonstrated a significant
decrease of −10.27 ETDRS letters immediately post-lapse (p=
0.001) (Supplementary Table 4). These patients showed no
significant change in CST values at any time point (p= 0.015).
(Supplementary Table 5).

DISCUSSION
The results of this study demonstrate the negative impacts of an
unintended lapse (≥3 months) in anti-VEGF treatment for macular
oedema in RVO patients. Both the raw data analyses and mixed
model regressions show significantly decreased visual acuity and
increased retinal thickness immediately post-lapse. Nearly two
lines of vision, −9.25 ± 5.49 ETDRS, are lost, and retinal thickness,
on average, increases over 67 μm in patients who lapse in care.
Upon resuming anti-VEGF treatment, visual acuity recovers
although retinal thickness remains increased at 6 months and
12 months post-lapse.
The discrepancy between visual and anatomical recovery in

retinal disease is not uncommon. Previous studies have found that
retinal thickness only accounts for a small proportion of change in
visual acuity post anti-VEGF therapy in other conditions. The
results of a randomized control trial by Ying et al. evaluating the
use of anti-VEGF for treatment of choroidal neovascularization
secondary to age-related macular degeneration showed poor
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correlation between VA and CST [14]. Similarly, a study on anti-
VEGF treatment of diabetic macular oedema noted no association
between VA and CST [15]. Although VA and CST likely have little
association due to the multifactorial nature of increased retinal
thickness, their relationship in RVO remains to be investigated
[16]. The results of this study indicate that while decreased visual
acuity can be reversed by resuming anti-VEGF therapy, increased
retinal thickness from a lapse in care can persist long-term.
Few studies examine how a lapse in anti-VEGF treatment affects

visual outcomes when comparing treatment for macular oedema in
the setting of CRVO and BRVO. While the two types of retinal vein
occlusion present with a different pathophysiology, Brown et al. and
Campochiaro et al. showed anti-VEGF effectively treats macular
oedema and restores vision loss in both [4, 5]. BRVO and CRVO differ
in that BRVO patients who delayed anti-VEGF treatment for six
months were able to recover with additional follow up, but CRVO
patients were not [17, 18]. There may be several reasons as to why

our study differs from these findings. In previous studies, patient
populations differed significantly in patient demographics including
age, race, and baseline BCVA. The patients in this study had prior
anti-VEGF injections while patients in Campochiaro et al. were
excluded if they had anti-VEGF 3 months prior to the study. Previous
studies have also found that patients with RVO who began anti-
VEGF therapy 6 months after diagnosis were less likely to achieve
clinically significant visual gains than patients who immediately
began treatment [15, 16]. This observation likely results from
prolonged oedema and irreversible retinal damage caused by
undertreatment. This study’s results expand on previous literature in
that lapses as short as 3 months resulted in ocular effects some of
which persisted to the end of our study.
The number of anti-VEGF injections and average age of the two

groups are potential confounding factors. The lapse group had an
average age of 69.3 ± 11.0 years while the control group had an
average age of 73 ± 12.4 years (p= 0.035). Despite the lapse group

Fig. 1 PRISMA flow diagram. Flow Diagram showing the inclusion and exclusion criteria for the study.
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being 4 years younger on average than the control group, they
experienced worse visual and anatomical outcomes than the
control group. Within the 12-month post-lapse period, control
patients received significantly more anti-VEGF injections than

control patients (control= 5.4 ± 3.2, lapse= 3.9 ± 2.6, p= 0.003).
While this would not affect the immediate post-lapse results, it
could affect values obtained during follow-up visits at 3, 6, and
12 months. One would hypothesize that less intensive anti-VEGF

Fig. 2 BCVA and CST by time point. Visual representation of the mean CST (a) and BCVA (b) values at each study time point. A statistically
significant difference between the lapse and control group is denoted by an asterisk.

Table 1. Patient demographics.

Factor Overall (N= 136) Lapse Group Control Group P value

N Statistics (N= 68) (N= 68)

Age, Mean ± SD 136 71 ± 11.8 69.3 ± 11.0 73 ± 12.4 0.035a

Baseline BCVA (ETDRS), Mean ± SD 136 64 ± 18.7 63.3 ± 17.8 65 ± 20.0 0.366a

Baseline CST (μm), Mean ± SD 136 355.4 ± 134.2 346.6 ± 128.4 364.2 ± 140.0 0.466a

Time from First Ever Injection to Baseline (Months), Mean ± SD 136 11.9 ± 14 11.9 ± 14.1 11.9 ± 14.1 1.00

Lapse Length (Months), Mean ± SD 136 7.8 ± 10.4 7.8 ± 10.5 7.8 ± 10.5 0.660a

Race, No. (%) 136 0.032c

White 103 (75.7) 47 (69.1) 56 (82.4)

Non-White 33 (24.3) 21 (30.9) 12 (17.6)

Gender, No. (%) 136 0.504b

Female 76 (55.9) 37 (55.1) 39 (57.4)

Male 60 (44.1) 31 (45.6) 29 (42.6)

Eye Laterality, No. (%) 136 0.458b

Right 78 (57.4) 37 (54.4) 41 (60.3)

Left 58 (42.6) 31 (45.6) 27 (39.7)

RVO subtype 136 0.110b

Central RVO 72 (52.2) 33 (48.5) 36 (52.9)

Branch RVO 66 (47.8) 35 (51.5) 32 (47.0)

Anti-VEGF Injections in Post-Lapse Period, Mean ± SD (n) 136 4.5 ± 3.7 3.9 ± 2.6 5.4 ± 3.2 0.003a

Bevacizumab 83 2.3 ± 2.6 2.4 ± 2.3 2.2 ± 2.8 0.816a

Aflibercept 56 2 ± 2.9 1.3 ± 2.1 2.8 ± 3.4 0.008a

Ranibizumab 8 0.4 ± 1.7 0.3 ± 1.2 0.5 ± 2.1 0.468a

Values bolded are significant at an alpha level of 0.05.
Note: ‘Lapse Length’ for control group represents the period of time corresponding to study group lapse length selected for during matching process (control
group received uninterrupted care).
p values signify a 95% confidence interval.
aPaired t test.
bPearson’s Chi-squared.
cFisher’s Exact Test.
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therapy in the lapse patients may have contributed to the
persistent increase in retinal thickness at 6 months and 12 months.
However, when constrained mixed model regressions were
constructed, the number of anti-VEGF injections were not found
to have a significant effect on either CST or BCVA, further
demonstrating that a lapse in treatment of 3 months has severe
consequences in this routine clinical practice study.
This study helps provide a more complete picture of the variety

and magnitude of the effects of a lapse in treatment of RVO patients
with anti-VEGF injections. A 2019 retrospective cohort study by Gao
et al. found that out of 3400 patients with RVO, 25.4% were LTFU,
and of those, 8.6% eventually returned for treatment [9]. With 16.4
million patients with RVO worldwide, this translates to over 1.4
million potential patients experiencing a lapse in treatment. These
results suggest that visual deficits and retinal damage result from a
lapse in care and stress the importance of early intervention and
frequent anti-VEGF treatment for RVO.
Strengths of this study include its one-to-one patient matching

protocol and well-defined criteria for a lapse in treatment. The
effects of confounding variables were reduced by matching lapse
and control patients based on baseline visual acuity and treatment
timeline. Additionally, this study defined a lapse as ≥3 months of
discontinuation of anti-VEGF treatment against provider recom-
mendation. A study by Greenlee et al. utilized similar methods in
measuring visual acuity and CST outcomes in the discontinuation
of anti-VEGF treatment in neovascular age-related macular
degeneration [13]. They found patients who discontinued anti-
VEGF treatment for ≥3 months experienced diminished VA and
increased retinal thickness immediately post-lapse, as did this
study in RVO patients. Unlike this study, they found that VA
persisted 12-months post-lapse and that retinal thickness
decreased upon resumption of treatment.

This study is limited by its retrospective nature, a relatively small
sample size, and evaluation of only each patient’s first lapse. As a
retrospective chart review, this study was unable to control for all
possible confounding factors. The one-to-one matching process
ensured that control and lapse patients had similar baseline
characteristics and were assessed at similar time points, thereby
eliminating possible confounders. However, this matching process
also has the potential to introduce selection bias into the control
group. These effects were reduced by randomly selecting control
patients and solely using the three matching criteria while
adhering to the same inclusion and exclusion criteria as lapse
patients. Additionally, patients in the lapse group were not
screened for a second lapse. However, given the normalization of
VA after resuming treatment, it is unlikely that patients with
multiple lapses skewed the data significantly.
Classification of type of RVO was conducted by investigator

review of the chart. In a small number of cases, wide-field
fluorescein angiography was used to determine the type of RVO
as well as the ischemic status. Due to the small sample size, a
comparison of ischemic status would likely not yield significant
results nor was the study powered to show a difference between
these groups. Nonetheless, from recent studies it appears that
ischemic status does not influence response to treatment. The
VIBRANT study did evaluate this is a prospective fashion and found
little difference in the final visual acuity or anatomy in patients by
perfusion status [19]. On the contrary, a study by Spooner et al.
showed that anti-VEGF treatment resulted in greater VA gains in
patients with non-ischemic CRVO than ischemic CRVO at 8 years
post occlusion [20]. This data suggests that non-ischemic CRVO and
ischemic CRVO may be affected differently by a lapse in anti-VEGF
treatment. Thus, the true effect of perfusion status on lapse
outcomes is not known and might result in either an over or
underestimate of the impact of final vision and anatomic outcomes.

Table 2. VA mixed effects model mixed regression results, pooled.

Factor Estimates 95%
Confidence
Interval

P value

Intercept 32.16 19.90–44.41 <0.001

Lapse Group (vs Control) 0.09 −3.90–4.08 0.964

Diagnosis, CRVO (vs BRVO) 0.79 −1.69–3.26 0.534

Anti-VEGF Injections, post-lapse −0.06 −0.47–0.34 0.76

Age −0.04 −0.15–0.07 0.491

Time Point

Post-Lapse (vs Baseline) 0.22 −3.67–4.11 0.912

3 Months (vs Baseline) 1.09 −2.80–4.97 0.583

6 Months (vs Baseline) −1.62 −5.52–2.29 0.417

12 Months (vs Baseline) 0.26 −3.63–4.14 0.896

Lapse Group and Time Point Interaction

Lapse Group vs Control at Post-
lapse vs Baseline

−9.25 −14.73– −3.76 0.001

Lapse Group vs Control at 3 Months
vs Baseline

−3.79 −9.42–1.84 0.187

Lapse Group vs Control at 6 Months
vs Baseline

−0.62 −6.28– −5.04 0.83

Lapse Group vs Control at 12
Months vs Baseline

−1.87 −7.59–3.84 0.521

Random Effects

σ2 132.52

τ00 StudyID 103.17

ICC 0.44

N StudyID 68

Observations 639

Marginal R2/Conditional R2 0.345/0.632

Values bolded are significant at an alpha level of 0.05.

Table 3. CST mixed effects model mixed regression results, pooled.

Factor Estimates 95% Confidence
Interval

P value

Intercept 219.11 137.65–300.57 <0.001

Lapse Group (vs Control) −10.29 −54.51–33.93 0.648

Diagnosis, CRVO (vs BRVO) 10.35 −11.83–32.54 0.36

Anti-VEGF Injections, post-lapse 1.69 −1.98–5.36 0.367

Age −0.46 0.37–0.54 0.354

Time Point

Post-Lapse (vs Baseline) −26.01 −69.84–17.82 0.245

3 Months (vs Baseline) −21.74 −65.22–21.75 0.327

6 Months (vs Baseline) −28.8 −72.98–15.38 0.201

12 Months (vs Baseline) −63.54 −107.36– −19.71 0.004

Lapse Group and Time Point Interaction

Lapse Group vs Control at Post-
lapse vs Baseline

79.57 17.59–141.55 0.012

Lapse Group vs Control at 3
Months vs Baseline

16.47 −47.08–80.02 0.611

Lapse Group vs Control at 6
Months vs Baseline

66.95 2.93–130.97 0.04

Lapse Group vs Control at 12
Months vs Baseline

95.53 29.82–161.24 0.004

Random Effects

σ2 16737

τ00 StudyID 600.741

ICC 0.03

N StudyID 68

Observations 619

Marginal R2/Conditional R2 0.200/0.228

Values bolded are significant at an alpha level of 0.05.
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This retrospective case-control study in a routine clinical
practice demonstrates RVO patients who experience a lapse in
care are susceptible to an immediate decrease in visual acuity and
a long-lasting increase in retinal thickness. Furthermore, the time
required for a lapse in anti-VEGF treatment to cause a long-term
change in retinal thickness can be short. These findings, in
conjunction with previous literature, underscore the importance of
creating treatment plans for RVO patients as well as educating
them on this condition and its prognosis. Future studies could
focus on the effects of treatment lapse on outcomes years after
the initial lapse. Additionally, the effect of multiple lapses against a
singular lapse and no lapse should be explored.

SUMMARY

What was known before

Anti-vascular endothelial growth factors are the primary
treatment for retinal vein occlusion.
The effectiveness and safety of these treatments is well
documented, but knowledge about the effect of lapses in
treatment is unknown.

What this study adds

This study looks at anatomical and visual outcomes after lapses
in anti-VEGF treatment in patients with retinal vein occlusion.
This study will provide insight on the impact of lapses in
treatment and resumption of treatment.
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