
Eye (2021) 35:1384–1392
https://doi.org/10.1038/s41433-020-1054-2

ARTICLE

Microperimetry and mfERG as functional measurements in diabetic
macular oedema undergoing intravitreal ranibizumab treatment

Ana Rita Santos 1,2
● Miguel Raimundo3

● Dalila Alves 1
● Marta Lopes1 ● Sérgio Pestana4 ● João Figueira1,3,4 ●

José Cunha-Vaz1 ● Rufino Silva 1,3,4,5

Received: 3 February 2020 / Revised: 15 June 2020 / Accepted: 17 June 2020 / Published online: 2 July 2020
© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2020

Abstract
Purpose To evaluate Microperimetry (MP) and multifocal electroretinogram (mfERG) as whole-macula functional markers
of treatment response in naive diabetic macular oedema (DMO) patients undergoing ranibizumab treatment.
Methods An exploratory sub-analysis of a prospective study (NCT01947881-CHARTRES). Patients received three monthly
ranibizumab injections (loading dose) followed by pro re nata (PRN) regimen during 1 year. At baseline, during and after
treatment (Months 0, 3, 6 and 12), subjects were tested using BCVA, OCT, MP and mfERG. MP was performed in the
central 12°, and retinal sensitivity was measured overall (mean sensitivity (MS)), and in three concentric rings (R1–R3).
mfERG P1 amplitude and implicit time were measured over six concentric rings (R1–R6).
Results Thirty-two eyes were included. MP mean and rings sensitivity were significantly lower in DMO (p < 0.001).
After loading dose, a significant improvement in retina sensitivity was observed, particularly in good BCVA responders
(MS=+2.28 dB; R1=+2.33 dB, R2=+2.20 dB, R3=+2.25 dB; p= 0.049). Overall retinal sensitivity was significantly
correlated with BCVA improvement (r= 0.54; p= 0.026) and inversely correlated with OCT central subfield thickness
improvement (r=−0.39; p= 0.026). mfERG amplitude and implicit time were also lower in DMO (p < 0.011). An
improvement of mfERG P1 amplitude and implicit time in R1 was noted in good responders after ranibizumab loading dose
(+16.49 nV/deg2; p= 0.013 and −0.005 ms; p= 0.048, respectively). When changing to PRN treatment regimen, BCVA
was maintained during the 12 months of follow-up but worsening of the visual function was detected by MP and mfERG.
Conclusions Microperimetry and mfERG were able to demonstrate DMO functional improvement after treatment loading
dose, as well as early visual changes when treatment regimen was switched to PRN.

Introduction

Diabetic retinopathy (DR), namely diabetic macular oedema
(DMO), is a major cause of vision loss in working-age
people, with significant personal, social and economic
impact [1].

Anti-vascular endothelial growth factor (anti-VEGF)
agents, such as bevacizumab, ranibizumab and aflibercept,
have revolutionized treatment in DMO [2–4]. However, in
order to evaluate treatment response, most randomized
clinical trials still use best-corrected visual acuity (BCVA)
as a primary endpoint, and central retinal thickness (CRT)
reduction as a secondary endpoint. BCVA, a test that
identifies the number of letters read on a distant vision chart,
may not reflect the daily visual problems patients face,
which can lead to a significant impact in their quality of life.
Besides that, cut-off values of BCVA improvement fre-
quently considered clinically significant in the course of a
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therapy, have been widely discussed by Food and Drugs
Administration [5, 6] and investigators [7, 8] due to several
limitations, including subjectivity of the method. This leads
to the need of validating other functional evaluations as
methods for assessing diseases progression or treatment
efficacy.

While DR is mainly considered a microvascular disease
[9], there is an increased recognition that neural changes
occur in diabetes [10–12]. Psychophysiological and
electrophysiological measurements of retinal function
might address this issue, evaluating the neural component
of DR in a larger retinal area, avoiding the subjectivity of
BCVA. Microperimetry (MP) in DR and DMO, has pro-
ven to be an effective functional method in the exam-
ination of retina sensitivity changes [13–15]. By
presenting multiple luminous stimuli of different inten-
sities in several locations of the central retina, it objec-
tively measures the achromatic luminance threshold in
foveal and parafoveal regions. By a built-in eye tracking
system and simultaneous imaging of the posterior pole, it
allows a direct and precise association between retinal
function and localized structural alterations. Multifocal
electroretinography (mfERG) [16], can also concurrently
extract retinal responses generated at multiple retinal
locations, enabling topographic mapping of retinal func-
tion in the central 40–50° of the retina and improving the
functional evaluation of retinal diseases. Studies have
shown that mfERG can show neuroretina changes in
diabetic patients without retinopathy [17], with retino-
pathy [12, 18] and with DMO [19–21]. In DMO, the most
consistent changes seem to be amplitude decrease and
implicit time increase of P1 (the positive peak that follows
a focal flash) [21].

To the best of our knowledge, no previous studies have
quantitatively evaluated improvement or lack of improve-
ment after anti-VEGF treatment with both MP and mfERG,
nor have they related these changes to improvements in
BCVA or CRT. Therefore, this study aims to evaluate
functional vision changes, determined by MP and mfERG,
in eyes with DMO at baseline and after ranibizumab loading
dose, as well as, after 6 and 12 months of follow-up. In
addition, we also investigated if these methods correlate
with visual acuity (VA) or optical coherence
tomography (OCT).

Materials and methods

Study design and participants

An exploratory sub-analysis of an observational, long-
itudinal and prospective study (ClinicalTrials.gov iden-
tifier NCT01947881-CHARTRES) [22] was performed at

the Association for Innovation and Biomedical Research
on Light and Image in collaboration with the Ophthal-
mology Department, Centro Hospitalar e Universitário de
Coimbra. Research and data collection were approved by
the local ethics committee and adhered to the tenets of the
Declaration of Helsinki. Informed consent was obtained
from all patients before being included in this sub-
analysis and after an explanation of the nature of
participation.

Adult patients with type 2 diabetes and treatment-naïve
centre-involving DMO were enroled, defined by central
subfield thickness ≥300 µm in the study eye, evaluated by
spectral-domain OCT (Spectralis OCT, Heidelberg Engi-
neering GmbH, Heidelberg, Germany), and with a BCVA
below 79 ETDRS letters. The study recruitment occurred
between January 2014 and January 2015. Exclusion cri-
teria were previous anti-VEGF or macular laser treatment
(in both eyes), other causes of macular oedema (in the
study eye), cataract precluding fundus observation, pro-
liferative DR, either active or treated in the previous
3 months, aphakia, uncontrolled glaucoma, arterio-
thrombotic event in the previous 6 months, pregnancy and
breastfeeding and glycated haemoglobin higher
than 11.0%.

Simultaneously, age-matched healthy subjects without
DM or any other diagnosed vitreoretinal disease were
included during the recruitment of the study, as a control
group for MP and mfERG results. The same exclusion
criteria were applied, and these subjects underwent a unique
visit with a full ophthalmic examination and the above
mentioned functional tests.

Study protocol

Study patients were submitted to a baseline full ophthalmic
evaluation, including BCVA, dilated fundus examination,
colour fundus photography and spectral-domain OCT
(Spectralis OCT, Heidelberg Engineering GmbH, Heidel-
berg, Germany). BCVA was measured and recorded as
letters read at 4 m on ETDRS charts. If less than 20 letters
were read at 4 m, BCVA was evaluated at 1 m. Final BCVA
letter score was calculated by adding the number of letters
read at 4 m plus 30 (or the number of letters read at 1 m).
Patients received a course of monthly intravitreal injections
of ranibizumab (Lucentis, 0.5 mg in 0.05 mL; Novartis
Europharm Limited, Camberley, UK) for 3 months, fol-
lowed by a period of 12 months of pro re nata (PRN),
according to the standard practice for DMO treatment and
the Summary of Product Characteristics, and underwent
mfERG and MP before the first injection (M0). One month
after the third injection (M3), BCVA measurements, OCT,
mfERG and MP were repeated, as well as at months 6 and
12 (M6 and M12).
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Microperimetry

MP was performed using MP1 Microperimeter (Nidek,
Gamagori, Japan) in all patients and control subjects. A
customized radial grid of 45 stimuli in the central 12° was
used with stimuli size Goldman III and 200 ms of pro-
jection time. The fixation target was a 1° red cross and
stimulation was performed in a white, monochromatic
background at 4 asb. The starting stimulus light attenua-
tion was set at 10 dB and a 4–2 double staircase strategy
was used with an built-in automatic eye tracker that
compensates for eye movements. All subjects (patients
and controls) underwent MP with dilated pupils. A 5-min
mesopic visual adaptation and a pre-test training were
performed in all subjects before starting the test. Overall
mean sensitivity (MS) of the entire 12° area was analysed
as well as the MS of three concentric rings in the same
area: (R1-2°; R2-4°; R3-6°), covering ~1, 3 and 6 mm,
respectively, of the central retina area.

Multifocal ERG

mfERG was recorded monocularly using a CRT monitor
(Retiscan; Roland Consult, Wiesbaden, Germany), accord-
ing to International Society for Clinical Electrophysiology
of Vision guidelines [23] in all patients and controls. The
projected stimulus consisted of 103 scaled hexagons. The
recordings were performed under room light conditions and
before CFP or OCT to avoid retinal cells saturation. Study
eye pupil was fully dilated and fellow eye was occluded by
a pad. Summed responses from six concentric ring/annuli
defined as R1 <3°, R2 3–7.8°, R3 7.8–15°, R4 15–24°, R5
24–31° and R6 31–42°, were used for analysis. These
were described as P1 amplitude density (nV/deg2)
and implicit time (ms). The P1 amplitude was measured
from N1 through to P1 peak, whereas the P1 implicit time
was the time from the onset of the light stimulus to the
P1 peak.

Statistical analysis

Baseline (M0) MP MS and baseline (M0) mfERG P1
amplitude and implicit time were compared between the
enroled DMO patients and a sample of 62 age-matched
control subjects. Repeated-measures ANOVA was per-
formed to analyse changes at four timepoints (M0, M3, M6
and M12) of MP MS and mfERG P1 amplitude and implicit
time in all DMO patients, and subdivided by BCVA
response to anti-VEGF treatment categories: poor respon-
ders (decrease/increase < 5 letters), responders (increase ≥ 5
and <10 letters) and good responders (increase ≥ 10 letters).
BCVA response groups were based on the type of response
to ranibizumab treatment reported by previous studies

[3, 24, 25]. OCT CRT at M0, M3, M6 and M12 was also
used for correlation analysis between retinal structure and
functional MP and mfERG parameters. Continuous vari-
ables were described by mean and standard deviation.
Categorical values were described by absolute frequencies
and percentages. Two-independent samples t-test and paired
samples t-test were used, after checking for normality with
Shapiro–Wilk test. Spearman correlation analysis was per-
formed. A receiver operating characteristic (ROC) analysis
was performed to identify the best predictors (MP MS and
mfERG P1 amplitude and implicit time) for a BCVA
improvement >10 ETDRS letters. All analyses were per-
formed using STATA®, version 13.1 (StataCorp, College
Station, EUA). A p value < 0.05 was considered statistically
significant and all tests were two-sided.

Results

Study sample characterization

We included 32 eyes of 32 subjects with treatment-naïve
centre-involving DMO that underwent a course of monthly
intravitreal injections of ranibizumab for 3 months and were
followed for a total of 12 months in a PRN regimen. Sub-
jects had a mean age of 65.76 ± 5.47 years and 62.5% (n=
20) were male. At baseline (M0), mean BCVA was 62.58 ±
9.50 letters (minimum 38, maximum 75 letters), and mean
central subfield thickness was 406.35 ± 122.61 µm (mini-
mum 245 µm, maximum 708 µm).

Sixty-two age-matched control subjects were included in
the control group for MP and mfERG results (mean age
64.31 ± 7.26 years; age was not significantly different
between control and DMO subjects, p= 0.330).

DMO vs controls—baseline (M0) evaluation by
microperimetry and mfERG

MP overall MS and rings sensitivity was significantly
lower in DMO patients compared to controls (Table 1;
mean difference DMO− controls, MS: −9.76 dB; R1:
−11.29 dB; R2: −10.09; R3: −9.44 dB; p < 0.001). Retinal
sensitivity was gradually increased from central ring
(R1-radii 2°) to peripheral rings (R2-radii 4°, R3-radii 6°).

mfERG P1 amplitude was significantly lower in DMO
subjects in all studied rings (Table 1; mean difference DMO
− controls, R1: −69.78 nV/deg2; R2: −32.43 nV/deg2; R3:
−19.98 nV/deg2; R4: −13.22 nV/deg2; R5: −9.34 nV/deg2

and R6: −7.34 nV/deg2; all p < 0.001). P1 implicit time was
only significantly different between groups from R4 to R6,
though only a small difference was observed (R4: +0.97 ms,
p= 0.023; R5: +1.07ms, p= 0.011 and R6: +1.40 ms,
p= 0.001).
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DMO—3 months evaluation (M3), immediately after
the loading dose (monthly intravitreal RBZ)

After three monthly ranibizumab injections, both BCVA
(mean intra-subject improvement, 7.27 ± 9.99 letters, p <
0.001, paired samples t-test) and OCT CRT improved
significantly (mean intra-subject improvement, −120.28 ±
130.80 µm, p < 0.001, paired samples t-test).
BCVA change was further categorized by range of change
in poor responders (decrease/increase < 5 letters),
responders (increase ≥ 5 and <10 letters) and good
responders (increase ≥ 10 letters). In our sample, 25.0%
eyes (n= 8) were classified as poor responders, 31.2% eyes
(n= 10) as responders and 43.8% eyes (n= 14) as good
responders.

MP overall sensitivity (MS) and rings sensitivity sig-
nificantly improved after M3 treatment, in good responders
only (Table 2; mean intra-subject improvement: MS=
+2.28 dB; p= 0.049; rings sensitivity= R1 +2.33 dB, R2
+2.20 dB and R3 +2.25 DB; p= 0.049)

In the same way, mfERG P1 amplitude in R1 was sig-
nificantly increased after M3 treatment in good responders
only (Table 2; mean intra-subject improvement: +16.49 nV/
deg2; p= 0.049). A small but significant change was also
seen in P1 implicit time, again in good responders (mean
intra-subject improvement: −1.12 ms; p= 0.048). No
changes in P1 amplitude or implicit time were seen in R2,
R3, R4, R5 and R6, regardless of clinical response category
(all p > 0.05).

BCVA improvement was moderately and significantly
correlated with mfERG P1 amplitude and implicit time
improvement in R1 (correlation coefficient, r= 0.36; p=
0.041; r= 0.45; p= 0.009, respectively) but especially with
overall retinal sensitivity (correlation coefficient, r= 0.54;
p= 0.026). No correlations were found between BCVA and
mfERG or MP for peripheral rings.

Conversely and as expected, a moderate inverse corre-
lation between CRT change and overall retinal
sensitivity and mfERG P1 amplitude improvements were
found (r=−0.39, p= 0.026 and r=−0.38 p= 0.074,
respectively).

DMO—6 months and 1-year functional changes
under PRN regimen

After the loading dose (M3) patients received intravitreal
injections under a PRN regimen and were followed at
months 6 and 12 (mean n° of injections during 12 months
of PRN, 1.78 ± 1.53 IVT). Although BCVA remained
unaltered during the follow-up period, when the
treatment regimen was changed to PRN, a gradual wor-
sening of visual function was detected by MP and mfERG
(Fig. 1).Ta
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Microperimetry and mfERG as predictors of
functional response to anti-VEGF treatment

Response to treatment was defined as the improvement in
number of letters after 3 monthly injections of ranibizumab.
Nevertheless, analysing graphs on Fig. 1, we can observe
that even before treatment, patients with higher MP sensi-
tivity and mfERG implicit time were the ones that had better
BCVA outcomes after therapy. To explore the value of MP
and mfERG as baseline discriminators of a good visual
response to anti-VEGF therapy, an ROC analysis was per-
formed revealing that both MP sensitivity and mfERG
implicit time at R1 were good baseline discriminators of
BCVA response, despite not reaching statistical significance
(Table 3). mfERG amplitude did not show any dis-
criminative power.

Discussion

In the first step of our analysis we compared our DMO
patient’s cohort with an age-matched control cohort
regarding MP and mfERG findings. We found that in all
studied areas, retina sensitivity, evaluated by MP, was sig-
nificantly lower in DMO subjects, in comparison to the
controls. As expected, the central ring was the most affec-
ted, with a progressive increase of sensitivity to the per-
ipheric rings, which is probably related with the increased
fluid accumulation in the foveal area. These results are in
agreement to previous works showing that increased CRT
severely impairs luminous sensitivity [26, 27] and validates
MP as a method to demonstrate functional inner retinal
impairment in DMO. We also found that mfERG P1
amplitude was likewise significantly and markedly lower in
DMO subjects in all studied rings, with an increase of the
implicit time, showing functional outer retina impairment
[28]. These results confirm the published literature that
showed that P1 amplitudes were significantly decreased in
DMO patients [19]. Weiner et al., using focal ERG in
DMO, also reported decreased amplitudes and longer
implicit times [29].

In the second part of our analysis we prospectively
evaluated changes in MP and mfERG produced by RBZ
loading dose on DMO patients. We evaluated these changes
in three clinical (BCVA) response categories: poor
responders, responders and good responders. We have
shown that after RBZ treatment, MP MS and sensitivity in
R1—fovea, R2—parafoveal area, and R3—perifoveal area,
as well as mfERG P1 amplitude in R1 were significantly
and clearly increased in good responders. These results
seem to suggest that DMO functional recovery occurs at the
foveal level, as measured by BCVA, but also extends to the
entire macular area, as shown by improvements in both MPTa
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and mfERG. In the daily practice and in several clinical
trials for evaluation of safety and effectiveness of medical
products, BCVA is the only used indicator of functional
recovery [30]. In fact, it is frequently discussed if BCVA

improvements of one or two or even fiveletters, with its
individual variability, is significant enough to consider the
efficacy of a therapy in improving visual function [6, 7] as it
does not always reflect patient’s visual experience [8].

Fig. 1 Functional and structural parameters along the 12 months of follow-up, by treatment response groups. BCVA best-corrected visual
acuity; **p value < 0.001; *p value < 0.05.
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BCVA, as a high contrast test that evaluates the recognition
of single black letters in a white chart, reveals to be insuf-
ficient in the evaluation of important aspects of visual
function as like retina sensitivity in different light condi-
tions. This raises the necessity to validate objective and
reliable methods to better characterize and measure the
degree of functional vision in each patient. In our study,
when correlating BCVA with MP and mfERG before and
after treatment, BCVA improvement was moderately and
significantly associated with these two functional para-
meters, reinforcing their potential usefulness as functional
biomarkers with clinical utility. Moreover, even before
treatment, when no BCVA significant differences exist
between patients (as shown in Fig. 1), MP and mfERG
values appear to have a good discriminative power to
separate patients that will be good or poor responders, after
treatment (ROC AUC= 0.65 and 0.68, respectively,
Table 3). These results may indicate that different levels of
visual dysfunction could occur in parallel with, or even
before, BCVA impairment [31], and are worthwhile to be
evaluated for a better characterization of DMO patients.

Interestingly, a significant and negative correlation
between CRT in OCT and both MP sensitivity and mfERG
P1 amplitude was found in our results, confirming the value
of OCT as surrogate for visual response in DMO [32].
Therefore, a combined evaluation of functional and struc-
tural examinations in DMO would appear to be appropriate
for treatment assessments.

Our study also confirmed that better visual function
improvement occurs when patients receive monthly injec-
tions, and that these improvements decrease when treatment
regimen changes to PRN. Studies like RISE and RIDE [4]
have shown that monthly RBZ injections were capable of a
sustained improvement of vision during 24 months of fol-
low-up, reducing the risk of further vision loss. In an
attempt to reduce the burden and costs of this treatment
plan, other regimens as PRN [33] or treat-and-extend [34]
have been evaluated with non-inferior results. DRCR.net
Protocol V [35] recently suggested that patients with centre-
involved DMO and good vision can confidently be mana-
ged just by observation, scheduling anti-VEGF injections
only if vision deteriorates. However, all these studies and

treatment regimen, based their retreatment decision on
BCVA number of letters. Our data show a maintenance of
BCVA results during the PRN regimen but a deterioration
of macular function evaluated with both MP and mfERG.
Baget-Bernaldiz et al. [36] reached similar conclusions,
emphasizing that BCVA and OCT CRT may be insufficient
criteria to sustain medical decisions related to re-treatment,
since patients quality of vision may suffer a significant
impairment not adequately assessed by VA only, possibly
losing the opportunity for future recovery.

The major strength of our study is the fact of being one
of few studies that quantitatively evaluated the effects of
anti-VEGF treatment in DMO visual function, using
mfERG and MP and correlating them to BCVA and CRT.
While another study has evaluated the effects on RBZ
therapy in DMO using mfERG, it used arbitrary categories
of improvement and failed to report any inferential statistics
or correlations with other markers [37]. It also used pattern
ERG for evaluation in DMO, which by the authors own
admission, might be an inadequate exam in DMO since it
covers a large retinal area and therefore is not sensitive
enough for localized changes in the central macular/foveal
region. Regarding MP, Malagola et al. [38] have also
established a positive correlation between anti-VEGF ther-
apy effects on CRT and functional outcomes (BCVA and
MP), but included non-treatment naïve patients with per-
sistent DMO and previous laser therapy, compromising
retinal sensitivity values. Other strengths of our study
include the prospective, self-controlled design and the
comparative baseline evaluation versus age-matched con-
trols. This approach contributes to a thorough evaluation of
MP and mfERG changes in DMO, both at baseline and after
different treatment stages, allowing the evaluation of func-
tional/structural correlations.

Despite the demonstrated value of both functional
methods, mfERG can be a longstanding and complex
examination, with wide variability, expensive equipment
and specifically built normative databases [39], adding more
burden to anti-VEGF therapy which already represents a
huge burden for clinicians, particularly considering the
increasing number of patients to be evaluated monthly. That
said, of both used methods, MP show clear advantages to be
applied to clinical practice as it is less time consuming and
more reliable and reproductible, giving immediate infor-
mation about macular functional status that can be com-
pared during treatment course.

The major limitation of this study is the sample size,
especially due to the categorization of the patients in three
groups of BCVA treatment response. However, the per-
centage of good responders, poor responders and respon-
ders in our sample, is in agreement with previously reported
information in other larger studies [3, 22, 24, 25]. There-
fore, we believe it can be a representation of what happens

Table 3 Area under the curve for mfERG amplitude and implicit time
of R1 and microperimetry mean sensitivity and R1 sensitivity.

ROC AUC CI 95% p value

Amplitude R1 0.31 0.10–0.52 0.079

Implicit time R1 0.68 0.48–0.89 0.079

Mean sensitivity 0.63 0.40–0.84 0.073

Sensitivity R1 0.65 0.43–0.86 0.184

AUC area under the curve, CI confidence Interval.
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in the generality of DMO patients submitted to ranibizumab
monotherapy.

In conclusion, MP and mfERG show clear differences
between patients with DMO and age-matched controls.
Monthly anti-VEGF injections improve not only foveal VA
but also macular function as shown by MP and mfERG,
while PRN regimen leads to a decrease in these parameters,
particularly in retina sensitivity. A combined evaluation of
different functional and structural parameters should be
considered for an efficient DMO treatment management in
order to achieve the best visual results.

Summary

What was known before

● Visual Acuity is a limited representation of the visual
function.

● New functional endpoints for assessing clinical trials
outcomes are needed in diabetic macular oedema.

● mfERG and microperimetry are objective methods for
assessing retinal function.

● However, there is still a lack of validation of these
techniques to be used as functional markers.

What this study adds

● Microperimetry and mfERG show clear differences
between patients with DMO and age-matched controls.

● Monthly anti-VEGF injections improve not only foveal
visual acuity but also macular function as shown by MP
and mfERG, while a PRN regimen led to a decrease in
these parameters, particularly in retina sensitivity.

● A combined evaluation of different functional and
structural parameters should be considered for an
efficient DMO treatment management in order to
achieve the best visual results.
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