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ABSTRACT

Background Recent clinical trials on proliferative
diabetic retinopathy (PDR) show that presenting visual
acuity can be stabilised with panretinal photocoagulation
(PRP) within 2 years despite the need for supplementary
PRP or anti-vascular endothelial growth factor therapy for
concomitant diabetic macular oedema (DMO). It is unclear
whether similar results can be obtained in daily clinical
practice. Here, we query the probability of vision loss in
patients with treatment-naive PDR who have attained
stability after PRP and its predictors.

Methods Retrospective cohort study at a tertiary eye
centre between 01 January 2015 and 31 December 2019,
wherein 2336 eyes met study criteria with first record of
stable PRP-treated PDR in at least one eye. Kaplan-Meier
and Cox proportional hazards modelling were used to
report the probability of vision loss of at least five Early
Treatment Diabetic Retinopathy Study (ETDRS) letters.
Results The probability of losing at least five ETDRS
letters was 50% at 3.32 (95% Cl, 2.94 to 3.78) years
after achieving first stability post PRP in treatment-naive
PDR. The mean decrease at this event was 14.2 (SD 13.0)
ETDRS letters irrespective of the presence of DMO. The
strongest risk factor for vision loss was a history of DMO at
baseline (HR 1.62 (95% Cl, 1.34 to 1.95), p<0.001).
Discussion One in two patients with stable treated PDR
lose a line of vision by 3.5 years. This resulted in 15% of
patients losing their eligibility to drive. Notably, 13% of the
cohort died during the follow-up period.

INTRODUCTION

Proliferative diabetic retinopathy (PDR) is
characterised by the growth of abnormal new
vessels on the retina and/or optic disc. These
clinical features alone are not usually associ-
ated with visual impairment unless there is
coexistent diabetic macular oedema (DMO)."
Anti-vascular endothelial growth factor (anti-
VEGF) therapy is the treatment of choice
for DMO. The Diabetic Retinopathy Clinical
Research (DRCR) Protocol T trial reported
that less than 5% of patients with DMO
treated with anti-VEGF therapy lost 10 or
more Early Treatment Diabetic Retinopathy

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Proliferative diabetic retinopathy (PDR) is treated
with panretinal photocoagulation, but it is unclear
whether visual loss can occur after disease stabil-
isation in real-world data.

WHAT THIS STUDY ADDS

= Despite achieving stability for PDR, the majority of
patients proceed to lose clinically meaningful vision.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Patients with PDR require further management even
after achieving ‘stability’ and macular ischaemia as
a contributory cause for deterioration of vision loss
ought to be further researched.

Study (ETDRS) letters by the end of 2 years.”
In clinical practice, treatment naive eyes with
low or high-risk PDR that does not require
vitreoretinal surgery but have coexistent
DMO are treated with a combination of
anti-VEGF therapy and panretinal photoco-
agulation (PRP) 24 There is limited literature
on the probability of visual loss in patients
presenting with PDR with and without DMO
over time in real life.””’

The main cause of severe visual loss in
PDR is due to complications of untreated or
suboptimally treated PDR such as vitreous
haemorrhage and tractional retinal detach-
ment. The landmark clinical trials, Diabetic
Retinopathy Study® and the ETDRS’ demon-
strated that PRP in patients with PDR reduces
the risk of severe visual loss by 50%. Eyes
with non-clearing vitreous haemorrhage or
tractional retinal detachment threatening
or involving the macula may require vitrec-
tomy.” Another rarer complication of PDR
that can cause severe visual loss is neovascular
glaucoma."” In the UK, where diabetic reti-
nopathy screening is well-established, most
patients who present with PDR have low-risk
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characteristics and a small proportion present as high-
risk PDR and do not usually require prompt vitrectomy.
Very few patients with PDR present with neovascular glau-
coma.'' Over the last 40 years, PRP has prevented severe
visual loss in most patients who present early with PDR.
However, there are recent reports that show the propor-
tion lost to follow-up is high in patients with PDR and
cost of treatment may be a factor.”” Contemporary data
on long-term visual outcome of treatment naive patients
who present with low or high-risk PDR treated with initial
complete PRP in a fully public-funded health system is
lacking.

Recent studies such as Protocol S and the CLARITY
trial, designed to examine the role of anti-VEGF therapy
as an alternative therapy to PRP for active PDR not
requiring vitreoretinal surgery at baseline, showed that
eyes treated with PRP maintain presenting visual acuity
(VA) over 1-2 yeaurs.12 15 Approximately 45% required
further fillin PRP over 2 years." Moreover, in the PRP
arm of Protocol S, 34% developed vitreous haemor-
rhage, 10% had retinal detachment and 15% underwent
vitreoretinal surgery by 2 years." The 5-year follow-up of
Protocol S showed stable visual outcomes with PRP in
approximately 60% of the initial study cohort who were
retained in the study.'* Factors that determine visual
outcomes in Protocol S have been explored but they
explain only one-third of the variations."” The predictors
of visual outcome of patients who achieve first stabilisa-
tion of PDR in clinical practice is unclear. These findings
are consistent with retrospective studies. Indeed, a large
Indian multicentre study described that about 55% of
patients with stable treated PDR had a VA measure of
>6/12 Snellen in a 10 years follow—up.]6 Moreover, Kaiser
and colleagues similarly found in their cohort study that
of the 76% of patients with PDR presenting with 6,/12
or more Snellen VA could maintain this level of vision 1
year after PRP."

The aim of this study was to assess the probability of
visual loss over time of patients from first documenta-
tion of stable PDR after PRP in routine clinical practice
and to determine the predictors of visual loss. We
considered outcomes in eyes with and without DMO at
presentation.

METHODS

Study design and setting

This retrospective cohort study was conducted at Moor-
fields Eye Hospital National Health Service Foundation
Trust, a tertiary centre in London, UK. The study was
conducted in compliance with the Declaration of Helsinki
and reported in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology
reporting guideline. Informed consent from the study
cohort was not required as per the standard when using
retrospective, de-identified data for research within the
UK National Health Service.

Cohort

The cohort comprised consecutive patients with a first
record of stable PDR (coded R3S) after treatment with
PRP with or without history of previous vitrectomy
in at least one eye between 1 January 2015, and 31
December 2019. Patients were required to have at least
two records of VA beyond 3 months of first R3S record.
Stability was defined by the retinal specialist after clin-
ical examination, which may or may not include retinal
photographs. In clinical practice, stability is achieved
if the neovascularisation has completely regressed or
partially regressed compared with previous visit or
remain unchanged despite adequate laser coverage of
the retina. The cohort included both phakic and pseu-
dophakic eyes, as well as eyes with and without DMO.
Baseline DMO status was subcategorised as eyes with
absence of DMO (coded MO), active DMO on anti-
VEGF treatment (coded M1A) and eye with stable DMO
under observation (M1S). The M1S eyes may have para-
foveal oedema or centre-involving oedema with good
VA or post-treated DMO that is persistent but stable. If
both eyes had a record of stable treated PDR, inter-eye
correlation was acknowledged and considered by
selecting one eye at random using the sample function
of base R software, V.3.6.2 (R Foundation for Statistical
Computing). Exclusion criteria were study eye with:
active PDR or any other retinopathy grades in the study
eye that have not achieved stability; incomplete base-
line records; fewer than two post-baseline records of
VA; less than 3 months of follow-up data; ungradable
maculopathy status.

UK diabetic eye screening programme gradings

The nationwide diabetic eye screening programme
invites all patients with diabetes aged 12 years or over
to annual primary care-based screening. Here, two-
field fundus photography (one image centred on
the macula and a second image centred on the optic
disc) is acquired and graded according to the English
Screening Programme for Diabetic Retinopathy stan-
dards." Briefly, retinopathies are graded into four
levels: none (RO), background (R1; microaneurysms,
retinal haemorrhages, venous loops or any exudate
in the presence of other non-referable features), pre-
proliferative (R2; venous beading, reduplication,
multiple blot haemorrhages or intraretinal microvas-
cular abnormality) and proliferative (R3) retinopathy.
R3 is further classified into active proliferative disease
(R3A; new vessels at the disc, elsewhere, pre-retinal
or vitreous haemorrhages or pre-retinal fibrosis with
or without tractional detachment) and stable treated
proliferative disease (R3S). Maculopathy and photo-
coagulation are graded as absent (MO, P0O) or present
(M1, P1). M1 includes the presence of exudates within
one disc diameter of the centre of the fovea, retinal
thickening within one disc diameter of the centre of
the fovea, a group of exudates within the macula or
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any microaneurysm or haemorrhage within one disc
diameter of the centre of the fovea only associated with
a best VA of 20/40 Snellen or below. When gradings
cannot be assigned due to image quality, ungradable
(U) is assigned.

Study outcomes

The primary outcome was time to a decrease of at least
five ETDRS letters (one Snellen line) from baseline
recorded at two consecutive visits post stability for the
whole cohort. These outcomes were also stratified based
on DMO status (M0, M1A or M1S). Secondary outcomes
included: (a) predictors of a loss of five letters and (b)
incident ineligibility to meet the UK legal limit of driving
after achieving stability of PDR (ie, VA <70 ETDRS letters
or 6/12 Snellen in both eyes) and (c) outcome of vitrec-
tomised eyes and (d) patients with missing data defined
as loss to follow-up. As recent treatment of DMO or vitrec-
tomy might influence final visual outcome, we repeated
the primary outcome analysis only in eyes who did not
have records of anti-VEGF therapy or supplementary PRP
or vitrectomy at least 6 months prior to two consecutive
records of five-letter loss. The data of a random sample of
100 patients with loss of at least five letters and the optical
coherence tomography (OCT) scans were examined to
ensure reliability of the electronic medical records.

Statistical analysis

All data analyses were carried out with R (V.3.5.1)."
Hazards were modelled with Kaplan-Meier models.”’
Survival curves were plotted using the classical Kaplan-
Meier estimator based on tabulation of the number at
risk and number of events at each unique event time. For
stratified curves, averages for subpopulations were fitted
for each of these models to plot the cumulative hazard
function with each grouping variable.

For covariable effects, multivariable Cox proportional
hazards models”' were used to relate visual outcomes
to clinical co-variables including VA at baseline; history
of previous DMO or concomitant presence of DMO
at baseline; previous vitrectomy; pseudophakic eyes.
Confounding variables were included as indepen-
dent co-variables. Subgroup analysis was done to assess
outcomes of vitrectomised eyes. Two-sided p values were
reported, and p<0.05 was considered significant. Mean
(SD) values were reported unless otherwise specified. All
clinical data were recorded within an electronic medical
record application (OpenEyes Foundation), as previ-
ously described.”

Patient and public involvement

Due to the post-hoc analysis methodology of this study, it
was not appropriate or possible to involve patients or the
public in the conduct of our research.

RESULTS

Cohort demographics and clinical features

Between 01 January 2015 and 31 December 2019, a total
of 2336 patients with stable R3S recorded for at least one
eye met the inclusion criteria (see online supplemental
eFigure 1). A total of 1312 (56.2%) had no DMO at base-
line (MO) and 373 (16.0%) and 651 (27.8%) had M1A
and MIS, respectively. The mean age of the cohort was
59.3 (SD 13.9) years and 1406 (60.2%) were men. The
cohort was multiethnic and 35.9% of patients with a
record of ethnicity data were whites (table 1). The mean
VA of the whole cohort was 66.2 (SD 21.4) ETDRS letters
(Snellen equivalent, 20/50) (table 2), wherein 65.2%
were >70 letters. Of those with baseline VA of >70 letters
(Snellen equivalent, >20/40), 592 (38.9%) had either
active or stable DMO. A total of 244 (10.4%) had base-
line VA of <35 letters (Snellen equivalent, 20/200), of
which 51.6% had DMO. The cohort included 199 (8.5%)
patients with history of vitrectomy and 275 (11.8%) were
pseudophakic.

Proportion of patients losing one Snellen line of vision (ETDRS
>5 letters)

A total of 1236 (52.9%) eyes recorded loss of five ETDRS
letters or more from baseline confirmed at two consec-
utive visits during the observation period, with the
median decrease in VA from baseline being nine letters
(table 3A). Of note, this event signified a drop in total VA
below 70 letters in the study eye of 719 (58.2%) patients,
of which 377 were equal to or above 70 letters at baseline
(table 3B).

Legal limits of driving

When we consider the DMO status in the fellow eyes,
55.3% had no DMO, 14.1% had active DMO (M1A) and
25% stable DMO (M1S) (data not shown). Maculopathy
status was not available in 5.6%. In addition, 66% had
PRP treated PDR in the fellow eyes. When both eyes are
considered together, 15.6% of this study cohort would
not be eligible to meet UK driving standards due to
the loss of one line of vision in the study eye (table 3a).
Additionally, no patients who presented with baseline VA
of <70 letters achieved a final VA of >70 letters. Vitrec-
tomised eyes that had lost a line of vision had poorer
outcomes with a median VA loss of -17.5 letters (three
Snellen lines).

Probability of losing one Snellen line of vision (ETDRS >5
letters)

Kaplan-Meier modelling demonstrates that the median
survival time to loss of five ETDRS letters or more was
3.32 (95% CI, 2.94 to 3.78 years, irrespective of the DMO
status at baseline (data not shown). Those with active
DMO (M1A) at baseline are more likely to experience
this event (median event time=2.36 years (95% CI, 1.75
to 3.32)) than those with stable DMO (MI1S; 3.52 years
(95 CI, 2.47 to 4.05)) and without DMO (MO; 3.61 years
(95% CI, 3.16 to 3.99) ) (figure 1A,B). A sensitivity analysis
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Table 1 Demographics of cohort
MO (N=1312) M1A (N=373) M1S (N=651) Overall (N=2336)
Year of first achieving stability of PDR (R3S)
2015 364 (27.7%) 78 (20.9%) 148 (22.7%) 590 (25.3%)
2016 253 (19.3%) 83 (22.3%) 138 (21.2%) 474 (20.3%)
2017 222 (16.9%) 78 (20.9%) 125 (19.2%) 425 (18.2%)
2018 249 (19.0%) 76 (20.4%) 126 (19.4%) 451 (19.3%)
2019 224 (17.1%) 58 (15.5%) 114 (17.5%) 396 (17.0%)
Gender
Female 533 (40.6%) 140 (37.5%) 257 (39.5%) 930 (39.8%)
Male 779 (59.4%) 233 (62.5%) 394 (60.5%) 1406 (60.2%)
Age
Mean (SD) 59.0 (14.5) 59.7 (13.1) 59.8 (13.2) 59.3 (13.9)
Median (min, max) 59.8 (21.0,90.8) 60.1 (25.6,91.8) 60.3 (22.7, 87.6) 60.1 (21.0, 91.8)
Ethnicity
Caucasian 333 (25.4%) 99 (26.5%) 138 (21.2%) 570 (24.4%)
Afro Caribbean 169 (12.9%) 44 (11.8%) 75 (11.5%) 288 (12.3%)
South Asian 385 (29.3%) 109 (29.2%) 202 (31.0%) 696 (29.8%)
Chinese 5(0.4%) 0 (0%) 5 (0.8%) 10 (0.4%)
Mixed 10 (0.8%) 4 (1.1%) 7 (1.1%) 21 (0.9%)
Unknown 410 (31.2%) 117 (31.4%) 224 (34.4%) 751 (32.1%)

Baseline demography characteristic shown for cohort at baseline that is, first recording of stable proliferative diabetes following panretinal
photocoagulation. Data shown for entire cohort (overall), as well as stratified by macular status: absence of diabetic macular oedema (DME;
MO0), active DME on treatment (M1A) or stable DME under observation (M1S). Mean, SD, median, minimum and maximum values are shown
for age in years. Proportions in percentages shown for gender, ethnicity and year of first record of stability.

PDR, proliferative diabetic retinopathy .

removing those who had vitrectomy, repeat PRP or anti-
VEGF therapy in the 6 months prior to vision loss did
not change these probabilities (data not shown). Multi-
variable Cox proportional hazards models were used to
identify covariates predictive of patients losing five or
more ETDRS letters (figure 1C). Increasing age, better
baseline VA and coexistent active or stable DMO were
predictors of loss of five or more ETDRS letters.

Evaluating other causes of visual loss

Loss of VA due to cataract, DMO, vitreous haemorrhage,
reactivation of proliferative diabetic retinopathy was
considered by querying whether cataract surgery, anti-
VEGF or macular, vitrectomy and PRP—respectively—had
taken place within 6 months of losing five or more ETDRS
letters (table 3A). Only 7.7% (96/1240), 3.6% (45/1240)
and 0.1% (1/1240) of eyes that reached this event could
be explained by DMO, reactivation of proliferative
diabetic retinopathy and cataract development, respec-
tively. The data and retinal images of a random sample
of 100 patients who lost five or more letters were also
evaluated to assess other causes of visual loss such as the
presence of clinically significant epiretinal membrane
but they were not a major cause of visual loss. There was
no reliable records of diabetic macular ischaemia that
could be obtained from the electronic medical records as

fluorescein angiography, OCT-angiography (OCT-A) or
OCT evidence of disorganisation of the inner retina were
not systematically recorded.

Follow-up of stable treated proliferative diabetic retinopathy
The distribution of last hospital appointments for our
patient cohort is shown in figure 2. The mean follow-up
was 3.62 (SD 1.67) years and there were no differences
between the groups with and without DMO at baseline.
Approximately 60% of the cohort had an observation
beyond 3 years. However, patients recruited included in
the study in 2019 could not have 3 years follow-up and
so the follow-up data is better. The mortality rate was
about 13% with no differences between groups with and
without DMO at baseline.

DISCUSSION

The results of this retrospective study show that there is
a 50% likelihood for a real-world cohort under follow-up
after achieving stability post PRP for treatment naive
PDR to maintain their presenting VA for at least 3.5
years. However, in the 50% that lost at least one line of
vision, the median loss was nine ETDRS letters, irrespec-
tive of the presence of DMO at baseline. A 10-letter loss
is a clinically meaningful difference as these changes
exceed measurement variability.”” In the study, this was
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Table 2 Baseline clinical features of study eyes

MO (N=1312) M1A (N=373) M1S (N=651) Overall (N=2336)
Baseline VA
Mean (SD) 68.3 (21.2) 61.9 (19.7) 64.6 (22.3) 66.2 (21.4)
Median (min, max) 76.0 (0, 94.0) 70.0 (0, 89.0) 70.0 (0, 94.0) 76.0 (0, 94.0)

Baseline VA by category

>70 931 (71.0%)

51-69 190 (14.5%)

36-50 73 (5.6%)

<35 118 (9.0%)
Lens status

Phakic 1176 (89.6%)

Pseudophakic 136 (10.4%)
Previous vitrectomy

No 1201 (91.5%)

Yes 111 (8.5%)
Previous DME

No 1266 (96.5%)

Yes 46 (3.5%)

188 (50.4%)
107 (28.7%)
35 (9.4%)
43 (11.5%)

318 (85.3%)
55 (14.7%)

332 (89.0%)
41 (11.0%)

263 (70.5%)
110 (29.5%)

404 (62.1%)
114 (17.5%)
50 (7.7%)
83 (12.7%)

567 (87.1%)
84 (12.9%)

604 (92.8%)
47 (7.2%)

582 (89.4%)
69 (10.6%)

1523 (65.2%)
411 (17.6%)
158 (6.8%)
244 (10.4%)

2061 (88.2%)
275 (11.8%)

2137 (91.5%)
199 (8.5%)

2111 (90.4%)
225 (9.6%)

Baseline (first recording of stable proliferative diabetes following panretinal photocoagulation) visual acuity (VA) in Early Treatment Diabetic
Retinopathy Study letters shown for overall cohort and substratified by macular status. Mean, median, SD, minimum and maximum values
shown. Lens status, as well as, history of vitrectomy or diabetic macular oedema is also shown.

DME, diabetic macular oedema .

corroborated by only taking forward changes present in
two consecutive visits. These findings are worse than that
reported in the 5-year Protocol S cohort, where 9% lost
10 or more letters from baseline.'*

A five-letter loss is particularly important in a person
whose baseline VA is around 70 letters, when the VA in
the other eye is already below 70 letters. Although at
baseline, 66% had VA of >70 ETDRS letters (Snellen
equivalent>20/40) in the study eye, only 34% maintained
this vision at the point when the study eye lost at least a
line of vision, highlighting that stable treated PDR may
continue to affect the quality of life of patients. When we
consider the VA of both eyes together, this loss of at least
one line of vision in the study eye disqualifies approxi-
mately 15% of the study cohort from driving based on
VA criterion alone.”” The baseline predictive factors of
5-letter losers included older age, higher VA and pres-
ence of any previous, active or stable DMO. Treating
DMO aggressively will likely enable more patients to
retain vision that meets the legal limits of driving.

Another important observation noted in the study is
the visual outcomes of patients with stable treated PDR
with no baseline DMO. Only 70% of these eyes had a VA
of 70 letters or better. Other causes of impaired VA in
patients with treated PDR include uncorrected refrac-
tive errors, visually significant cataract and DMO.'® **
Only 11.8% had previous cataract surgery in this study.
These figures are similar to the baseline characteristics
of the CLARITY trial cohort that was conducted across

22 sites in the UK and the Protocol S study in USA."* " In
addition, 8.5% had previous vitrectomy indicating more
advanced PDR and 11.1% had VA of 35 letters or worse
(equivalent to Snellen 20/200 and defined as severe visual
impairment). Factors that were associated with poor
visual outcomes in Protocol S included poor glycaemic
control, higher mean arterial pressure, prior DMO and
higher severity levels of diabetic retinopathy. Approxi-
mately two-thirds of the variations in visual outcome in
the trial could not be explained by these associations.'’
This has been similarly suggested in retrospective anal-
yses (Wykoff et al). Although we did not have access to
systemic data for our patient cohort, our results also indi-
cate that previous or coexistent DMO is the highest risk
for decline in VA in real life. We could not explain why
circa 50% of eyes without DMO (676,/1312) also experi-
enced a median drop of nine letters. Although 70% of
the eyes with no DMO had 70 or more letters at baseline,
only 30% of patients in this group had VA of 70 letters
or better despite absence of DMO at baseline. New onset
DMO that did not meet the central subfield thickness of
400 pm, a requirement to start anti-VEGF in the National
Health Service in England and Wales, may be a reason
but the database does not capture this data. Other factors
such as diabetic macular ischaemia were not quantified
by OCT-A in this study. With the advent of OCT-A, it is
likely that we will be better informed of its contribution to
vision loss in people with PDR. A proportion of patients
with PDR also develop disorganisation of the inner retina
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Table 3 Eyes that lost at least five ETDRS letters

(a) MO (n=678) M1A (n=206) M1S (n=356) Overall (n=1240)
Baseline VA (mean; ETDRS letters)
Mean (SD) 72.7 (13.3) 67.5 (14.2) 69.3 (16.8) 70.9 (14.7)

Median (min, max)

Mean (SD)
Median (min, max)

-14.9 (14.2)

Proportion >70 ETDRS letters in study eye

76.0 (11.0, 94.0)
Change in VA from baseline (mean; ETDRS letters)

-9.00 (-83.0, -5.00)

70.0 (11.0, 89.0)

-13.7 (11.5)

-9.00 (-63.0, -5.00)

76.0 (10.0, 94.0)

-13.1 (11.2)
-9.00 (-85.0, -5.00)

76.0 (10.0, 94.0)

-14.2 (13.0)
-9.00 (-85.0, -5.00)

No 372 (54.9%) 142 (68.9%) 209 (58.7%) 723 (58.3%)
Yes 306 (45.1%) 64 (31.1%) 147 (41.3%) 517 (41.7%)
Proportion <70 ETDRS letters in both eyes
No 504 (74.3%) 128 (62.1%) 240 (67.4%) 872 (70.3%)
Yes 174 (25.7%) 78 (37.9%) 116 (32.6%) 368 (29.7%)
Proportion <35 ETDRS letters in study eye
No 564 (83.2%) 164 (79.6%) 293 (82.3%) 1021 (82.3%)
Yes 114 (16.8%) 42 (20.4%) 63 (17.7%) 219 (17.7%)
Proportion <35 ETDRS letters in both eyes
No 641 (94.5%) 194 (94.2%) 342 (96.1%) 1177 (94.9%)
Yes 37 (56.5%) 12 (5.8%) 14 (3.9%) 63 (5.1%)
Cataract surgery
No 677 (99.9%) 206 (100%) 356 (100%) 1239 (99.9%)
Yes 1(0.1%) 0 (0%) 0 (0%) 1(0.1%)
DME
No 662 (97.6%) 152 (73.8%) 330 (92.7%) 1144 (92.3%)
Yes 16 (2.4%) 54 (26.2%) 26 (7.3%) 96 (7.7%)
Vitrectomy
No 678 (100%) 206 (100%) 356 (100%) 1240 (100%)
Yes 0 (0%) 0 (0%) 0 (0%) 0 (0%)
PRP
No 651 (96.0%) 199 (96.6%) 345 (96.9%) 1195 (96.4%)
Yes 27 (4.0%) 7 (3.4%) 11 (8.1%) 45 (3.6%)
(b) Baseline VA <70 (n=345) Baseline VA >70 (n=895) Overall (n=1240)
Baseline VA
Mean (SD) 51.3(12.3) 78.3 (6.24) 70.8 (14.7)

Median (min, max)

Post-event VA (mean; ETDRS letters)
Mean (SD)
Median (min, max)

Post-event VA >70 ETDRS letters
VA <70
VA >70

55.0 (10.0, 69.0)

34.8 (18.2)
35.0 (0, 61.0)

345 (100%)
0 (0%)

76.0 (70.0, 94.0)

65.1 (14.3)
70.0 (0, 89.0)

378 (42.2%)
517 (57.8%)

76.0 (10.0, 94.0)

56.7 (20.6)
61.0 (0, 89.0)

723 (58.3%)
517 (41.7%)

Visual acuity (VA) in Early Treatment Diabetic Retinopathy Study (ETDRS) letters shown for patients that lost five or more ETDRS letters at the time of

visual loss event.

Specific aetiologies of the VA loss event was queried by identifying treatments carried out within 6 months of the event itself: cataract surgery for
cataract; anti-VEGF or macular laser for diabetic macular oedema (DME); vitrectomy for vitreous haemorrhage; and panretinal photocoagulation
(PRP) for reactivation of proliferative diabetic retinopathy. Cohort was considered overall and stratified by (a) macular status and (b) baseline visual
acuity being <70 ETDRS letters or >70. Baseline (first recording of stable proliferative diabetes following panretinal photocoagulation) VA in ETDRS
letters shown for overall cohort and substratified by macular status. Mean, median, SD, minimum and maximum values shown. Lens status, as well

as, history of vitrectomy or DME is also shown.
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A Timeto VA Loss of S ETDRS letters

— Mo — miA — mis

[ 05 1 15 H 25 1 a5 5 55 6

3
Time (years)
Number at risk

- 1312 1072 928 818 704 587 466 370 292 226 146 104 56
- 373 261 218 175 154 130 108 89 67 54 38 29 17
- 651 491 421 362 310 252 203 162 122 90 58 40 27
[ 05 i 15 H 25 3 Y 3 s 5 55 6
T oare)
B [+
n Events Median (0.95% CI} Hazard ratio (95% confidence interval)
Mo 1312 678 3.61(3.16-3.99)
Age 1.13 (1.08-1.18, p<0.001)
M1A 373 206 2.36(1.75-3.32)
M1s 651 356 3.52 (2.47 - 4.05) Male 0.97 (0.86-1.08, p=0.557)
VA at baseline 1.10 (1.08-1.12, p<0.001)
M1A 1.22 (1.03-1.45, p=0.01)
M1s 1.20 (1.06-1.37, p<0.001)
Pseudophakic 0.96 (0.80-1.16, p=0.691)
Previous vitrectomy 1.19 (0.95-1.47, p=0.124)
Previous DMO 1.62 (1.34-1.95, p<0.001)
Figure 1 Probability of visual acuity loss of at least five

Early Treatment Diabetic Retinopathy Study (ETDRS) letters
after achieving stability in proliferative diabetic retinopathy.
Kaplan-Meier modelling was carried out to estimate the
probability of losing five or more ETDRS letters (Snellen
equivalent one line) for stratified by macular status at time
of diagnosis. The cohort was substratified by the macular
status at baseline (first record of stable proliferative diabetic
retinopathy): absence of diabetic macular oedema (DMO;
MO), active DMO on treatment (M1A) or stable DMO under
observation (M1S). Median time to loss of at least five
ETDRS letters was (A) plotted and (B) tabulated comparing
each of these subcohorts. (C) Multivariable Cox proportional
hazards considering each of the baseline covariables

was carried out, including: age, gender, visual acuity (VA),
macular status, phakic status, previous vitrectomy, (phakic vs
pseudophakic) and previous treatment for DMO.

25

and this feature is associated with poor visual outcomes.
The inner retinal changes in retinal nerve fibre layer
and ganglion cell layer post PRP may also play a role”® *’
although recent reports suggest that these changes may
be age related rather than laser-induced.™

Another important finding from this study was the
loss to follow-up proportions. Non-English speakers,
increasing age, multiple comorbidities and lack of health
insurance cover, longer distance travelled for clinical
appointment and failure to attend other non-eye-related
appointments have all been reported as factors associ-
ated with lost to follow-up.'’™"* Although the proportions
of patients with no records increased over time, some
patients especially those included from 2019 will have
less follow-up and the COVID-19 pandemic could have
affected the longer follow-up. However, the mortality rate
of 13% is high given that the mean age of this cohort was
59 years. Systematic reviews on this relation have high-
lighted that increasing severity of diabetic retinopathy is
a risk factor for all-cause mortality in both type 1 and 2
diabetes.”” The findings in this study highlight the need

Open access

A
150
100
3
50
o
] T H 3 3 H 3
Follow-up duration (Year)
B
Mo M1A m1s Overall
(N=1312) (N=373) (N=651) (N=2336)
Follow-up period (years)
Mean (SD) 3.66 (1.64) 3.59 (1.78) 3.56 (1.67) 3.62(1.67)
Median [Min, Max] 3.52[0.249, 6.82] 3.59[0.268, 6.81] 3.37[0.249, 6.81] 3.51[0.249, 6.82]
Follow-up beyond 1 year
Yes 1246 (95.0%) 346 (92.8%) 610 (93.7%) 2202 (94.3%)
No 66 (5.0%) 27 (7.2%) 41 (6.3%) 134 (5.7%)
Follow-up beyond 2 years
Yes 1086 (82.8%) 289 (77.5%) 526 (80.8%) 1901 (81.4%)
No 226 (17.2%) 84 (22.5%) 125 (19.2%) 435 (18.6%)
Follow-up beyond 3 years
Yes 786 (59.9%) 223 (59.8%) 377 (57.9%) 1386 (59.3%)
No 526 (40.1%) 150 (40.2%) 274 (42.1%) 950 (40.7%)
Follow-up beyond 4 years
Yes 546 (41.6%) 158 (42.4%) 262 (40.2%) 966 (41.4%)
No 766 (58.4%) 215 (57.6%) 389 (59.8%) 1370 (58.6%)
Follow-up beyond 5 years
Yes 315 (24.0%) 96 (25.7%) 148 (22.7%) 559 (23.9%)
No 997 (76.0%) 277 (74.3%) 503 (77.3%) 1777 (76.1%)
Death within observation period
Yes 164 (12.5%) 54.(14.5%) 87 (13.4%) 305 (13.1%)
No 1148 (87.5%) 319 (85.5%) 564 (86.6%) 2031 (86.9%)

Figure 2 Follow-up and mortality among patients
proliferative diabetic retinopathy after being deemed

stable (A) Histogram of duration of total follow-up for each
patient within the cohort. (B) Mean, median, SD, minimum
and maximum follow-up duration in years was queried for
the entire cohort (Overall) and the subcohorts stratified

by baseline macular status: absence of diabetic macular
oedema (DMO; M0), active DMO on treatment (M1A)

or stable DMO under observation (M1S). Similarly, the
proportion of patients that were followed-up beyond 1 year, 2
years, 3 years, 4 years and 5 years is shown, as well as those
with a recorded death within the observation period.

to holistically manage these patients who remain at high
risk of visual loss and PDR is a surrogate for generalised
vascular dysfunction in diabetes.

This study on a large multiethnic cohort of patients
with stable treated PDR in a real-world setting in the
National Health Service in the UK is generalisable as the
cohort comprises patients with and without concomitant
DMO, vitrectomised eyes, both type 1 and 2 diabetes
and varying age groups. Due to variability of VA record-
ings in clinical settings, we mandated 5-letter drop to be
confirmed in two consecutive visits. A key assumption
implicit to time-event analyses is that censored patients
have the same chance of experiencing an event as those
still under observation. Survival analyses make use of all
available data up until censorship to calculate probabili-
ties of surviving each interval and thereby estimate event
probability at any time point. For patients with missing
data at a given time point (ie, unknown time to event),
the calculated time-event probability can be thought of
as a combination of the patient’s own available data and
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imputation from other patients in their cohort with more
data. Another assumption is that time of study enrolment
is assumed not to affect event probabilities. It is also
important to note that Cox modelling can identify associ-
ations between variables.

Limitations of observational studies of real-world clin-
ical data are well recognised.” They inherently feature
variability and heterogeneity in patient management,
follow-up and outcome measurement. As the Moorfields
clinical practice is based on diabetic retinopathy and
DMO protocols and treatment is free to all, we believe
some of these confounders and bias may be reduced.
Nevertheless, other variables such as VA recording in clin-
ical settings may be of concern despite the requirement
of two consecutive VA records to confirm five or more
letter loss. The proportions of patients lost to follow-up
after initial treatment of PDR is also an important discus-
sion point since the evidence of clinical effectiveness
of anti-VEGF therapy for PDR were reported.”’ Even
in a clinical trial setting, only 60% of the patients were
retained by 5 years in Protocol S."* Our study also high-
lights the increased risk of mortality in patients with PDR.
Despite these limitations, the study has enabled hypoth-
esis generation that diabetic macular ischaemia may be
a contributory cause for deterioration of VA and that
treated PDR may not be a stable disease in some individ-
uals.

Contributors SS, DS, DJF: research design. SS, DS, ST, PAK, KB, DJF: Data
analysis, interpretation and research execution. SS: Guarantor. All authors
contributed towards the preparation of the manuscript and approved the final
submitted version. Corresponding author is solely responsible for managing
communication between coauthors; that all authors are included in the author list;
order has been agreed by all authors; and that all authors are aware that the paper
was submitted.

Funding Funding and role of sponsor: The research was supported by the NIHR
Biomedical Research Centre at Moorfields Eye Hospital National Health Service
(NHS) Foundation Trust, the University College London Institute of Ophthalmology.

Competing interests DJF reports other relevant financial activities outside the
submitted work with AbbVie, Allergan and DeepMind. ST is funded by ORNATE-
India grant (Ref: GCRF UKRI (MR/P207881/1). LF reports other relevant financial
activities outside the submitted work with Bayer and Allergan. KB has received
speaker fees from Novartis, Bayer, Alimera, Allergan and research support from
Novartis and Bayer. PAK has received speaker fees from Heidelberg Engineering,
Topcon, Carl Zeiss Meditec, Haag-Streit, Allergan, Novartis and Bayer. He has
served on advisory boards for Novartis and Bayer and has been an external
consultant for DeepMind and Optos. DS has received funding/fees from Bayer,
Novartis, Allergan and Roche. SS has received funding/fees from Bayer, Novartis,
Allergan, Roche, Boehringer Ingelheim, Optos, Oxurion, Oculis, Biogen, Apellis and
Heidelberg Engineering.

Patient consent for publication Not applicable.

Ethics approval Institutional Review Board of Moorfields Eye Hospital - the
Moorfields Eye Hospital Clinical Audit Department (CA21/MR/757).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data
available as per Terms of Data Sharing Agreement within the Data Access Request
Service outlined by NHS Digital.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content

includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Dun Jack Fu http://orcid.org/0000-0003-2852-6912

REFERENCES

1 Writing Committee for the Diabetic Retinopathy Clinical Research
Network, Gross JG, Glassman AR, et al. Panretinal photocoagulation
vs Intravitreous ranibizumab for proliferative diabetic retinopathy: a
randomized clinical trial. JAMA 2015;314:2137-46.

2 Diabetic Retinopathy Clinical Research Network, Wells JA, Glassman
AR, et al. Aflibercept, bevacizumab, or ranibizumab for diabetic
macular edema. N Engl J Med 2015;372:1193-208.

3 Figueira J, Fletcher E, Massin P, et al. Ranibizumab plus Panretinal
photocoagulation versus Panretinal photocoagulation alone for high-
risk proliferative diabetic retinopathy (Proteus study). Ophthalmology
2018;125:691-700.

4 Amoaku WM, Ghanchi F, Bailey C, et al. Diabetic retinopathy
and diabetic macular oedema pathways and management: UK
consensus Working group. Eye 2020;34:1-51.

5 Obeid A, Su D, Patel SN, et al. Outcomes of eyes lost to follow-
up with proliferative diabetic retinopathy that received Panretinal
photocoagulation versus intravitreal anti-vascular endothelial growth
factor. Ophthalmology 2019;126:407-13.

6 Green M, Tien T, Ness S. Predictors of lost to follow-up in patients
being treated for proliferative diabetic retinopathy. Am J Ophthalmol
2020;216:18-27.

7 Suresh R, Yu HJ, Thoveson A, et al. Loss to follow-up among
patients with proliferative diabetic retinopathy in clinical practice. Am
J Ophthalmol 2020;215:66-71.

8 Anon. Photocoagulation treatment of proliferative diabetic
retinopathy. clinical application of diabetic retinopathy study (DRS)
findings, DRS report number 8. the diabetic retinopathy study
Research Group. Ophthalmology 1981;88:583-600.

9 Anon. Treatment techniques and clinical guidelines for
photocoagulation of diabetic macular edema. early treatment
diabetic retinopathy study report number 2. early treatment diabetic
retinopathy study Research Group. Ophthalmology 1987;94:761-74.

10 Anon. Early vitrectomy for severe vitreous hemorrhage in
diabetic retinopathy. two-year results of a randomized trial.
diabetic retinopathy vitrectomy study report 2. the diabetic
retinopathy vitrectomy study Research Group. Arch Ophthalmol
1985;103:1644-52.

11 Rani PK, Sen P, Sahoo NK, et al. Outcomes of neovascular
glaucoma in eyes presenting with moderate to good visual potential.
Int Ophthalmol 2021;41:2359-68.

12 Sivaprasad S, Prevost AT, Vasconcelos JC, et al. Clinical efficacy
of intravitreal aflibercept versus panretinal photocoagulation for
best corrected visual acuity in patients with proliferative diabetic
retinopathy at 52 weeks (clarity): a multicentre, single-blinded,
randomised, controlled, phase 2B, non-inferiority trial. Lancet
2017;389:2193-203.

13 Sun JK, Glassman AR, Beaulieu WT, et al. Rationale and
application of the protocol S anti-vascular endothelial growth factor
algorithm for proliferative diabetic retinopathy. Ophthalmology
2019;126:87-95.

14 Gross JG, Glassman AR, Liu D, et al. Five-Year outcomes of
Panretinal photocoagulation vs Intravitreous ranibizumab for
proliferative diabetic retinopathy: a randomized clinical trial. JAMA
Ophthalmol 2018;136:1138-48.

15 Bressler SB, Beaulieu WT, Glassman AR, et al. Panretinal
photocoagulation versus ranibizumab for proliferative diabetic
retinopathy: factors associated with vision and edema outcomes.
Ophthalmology 2018;125:1776-83.

16 Khan R, Chandra S, Rajalakshmi R, et al. Prevalence and incidence
of visual impairment in patients with proliferative diabetic retinopathy
in India. Sci Rep 2020;10:10513.

17 Kaiser RS, Maguire MG, Grunwald JE, et al. One-Year outcomes of
panretinal photocoagulation in proliferative diabetic retinopathy. Am
J Ophthalmol 2000;129:178-85.

Fu DJ, et al. BMJ Open Ophth 2022;7:€001068. doi:10.1136/bmjophth-2022-001068

"1ybuAdos Ag paroarold
"$92IMI8S Atelqi] 10N e 2202 ‘SZ 18go1o0 uo jwod fwg yydolwg//:dny woly papeojumod "Zz0z 1equisldas 62 uo 890T00-2z0z-yydolwa/oeTT 0T se paysiand 1say :yydo uado rINg


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2852-6912
http://dx.doi.org/10.1001/jama.2015.15217
http://dx.doi.org/10.1056/NEJMoa1414264
http://dx.doi.org/10.1016/j.ophtha.2017.12.008
http://dx.doi.org/10.1038/s41433-020-0961-6
http://dx.doi.org/10.1016/j.ophtha.2018.07.027
http://dx.doi.org/10.1016/j.ajo.2020.03.023
http://dx.doi.org/10.1016/j.ajo.2020.03.011
http://dx.doi.org/10.1016/j.ajo.2020.03.011
http://www.ncbi.nlm.nih.gov/pubmed/7196564
http://dx.doi.org/10.1016/s0161-6420(87)33527-4
http://www.ncbi.nlm.nih.gov/pubmed/2865943
http://dx.doi.org/10.1007/s10792-021-01789-y
http://dx.doi.org/10.1016/S0140-6736(17)31193-5
http://dx.doi.org/10.1016/j.ophtha.2018.08.001
http://dx.doi.org/10.1001/jamaophthalmol.2018.3255
http://dx.doi.org/10.1001/jamaophthalmol.2018.3255
http://dx.doi.org/10.1016/j.ophtha.2018.04.039
http://dx.doi.org/10.1038/s41598-020-67350-6
http://dx.doi.org/10.1016/S0002-9394(99)00322-0
http://dx.doi.org/10.1016/S0002-9394(99)00322-0
http://bmjophth.bmj.com/

18

19

20

21

22

23

24

Galsworthy P. The principles of a national diabetic eye screening
programme. In: Diabetic retinopathy: screening to treatment (Oxford
diabetes library, 2020: 111-22.

Team R. RStudio: integrated development environment for R.
Boston, MA: RStudio, Inc, 2015.

Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Stat Assoc 1958;53:457-81.

Andersen PK, Gill RD. Cox’s Regression Model for Counting
Processes: A Large Sample Study. The Annals of Statistics
1982;10:1100-20.

Fasler K, Moraes G, Wagner S, et al. One- and two-year visual
outcomes from the Moorfields age-related macular degeneration
database: a retrospective cohort study and an open science
resource. BMJ Open 2019;9:e027441.

Rosser DA, Cousens SN, Murdoch IE, et al. How sensitive to clinical
change are ETDRS logMAR visual acuity measurements? /nvest
Ophthalmol Vis Sci 2003;44:3278-81.

Dogru M, Nakamura M, Inoue M, et al. Long-Term visual outcome
in proliferative diabetic retinopathy patients after panretinal
photocoagulation. Jpn J Ophthalmol 1999;43:217-24.

25

26

27

28

29

30

Sun JK, Lin MM, Lammer J, et al. Disorganization of the retinal inner
layers as a predictor of visual acuity in eyes with center-involved
diabetic macular edema. JAMA Ophthalmol 2014;132:1309.

Lee H-J, Kang T-S, Kwak B-S, et al. Long-Term effect of

Panretinal photocoagulation on spectral domain optical coherence
tomography measurements in diabetic retinopathy. Curr Eye Res
2017;42:1169-73.

Lim MC, Tanimoto SA, Furlani BA, et al. Effect of diabetic retinopathy
and panretinal photocoagulation on retinal nerve fiber layer and optic
nerve appearance. Arch Ophthalmol 2009;127:857-62.

Chen XD, Omari A, Hwang M, et al. Treated PDR reveals Age-
Appropriate vision deterioration but distorted retinal organization.
Transl Vis Sci Technol 2020;9:3.

Pearce |, Sim6 R, Lovestam-Adrian M, et al. Association between
diabetic eye disease and other complications of diabetes:
implications for care. A systematic review. Diabetes Obes Metab
2019;21:467-78.

Kramer CK, Retnakaran R. Concordance of retinopathy and
nephropathy over time in Type 1 diabetes: an analysis of data

from the Diabetes Control and Complications Trial. Diabet Med
2013;30:1333-41.

Fu DJ, et al. BMJ Open Ophth 2022;7:€001068. doi:10.1136/bmjophth-2022-001068

"1ybuAdos Ag paroarold
"$92IMI8S Atelqi] 10N e 2202 ‘SZ 18go1o0 uo jwod fwg yydolwg//:dny woly papeojumod "Zz0z 1equisldas 62 uo 890T00-2z0z-yydolwa/oeTT 0T se paysiand 1say :yydo uado rINg


http://dx.doi.org/10.1080/01621459.1958.10501452
http://dx.doi.org/10.1214/aos/1176345976
http://dx.doi.org/10.1136/bmjopen-2018-027441
http://dx.doi.org/10.1167/iovs.02-1100
http://dx.doi.org/10.1167/iovs.02-1100
http://dx.doi.org/10.1016/S0021-5155(99)00006-4
http://dx.doi.org/10.1001/jamaophthalmol.2014.2350
http://dx.doi.org/10.1080/02713683.2017.1280510
http://dx.doi.org/10.1001/archophthalmol.2009.135
http://dx.doi.org/10.1167/tvst.9.3.3
http://dx.doi.org/10.1111/dom.13550
http://dx.doi.org/10.1111/dme.12296
http://bmjophth.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Ophth

MEH appointment with diabetic retinopathy grading
01-Jan-2015 to 31-Dec-2019
99,699 appointments, 30,813 patients

R3S in either eye
3451 patients

» 27,362 patients

Macula gradable
3191 patients

» 260 patients

Clinical features available
at appointment » 310 patients

2881 patients

Adequate follow-up
2336 patients

» 545 patients

A4

Cohort taken forward for analysis
2336 patients

Fu DJ, et al. BMJ Open Ophth 2022; 7:¢€001068. doi: 10.1136/bmjophth-2022-001068



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Ophth
MO M1A M1s Overall
(N=1312) (N=373) (N=651) (N=2336)

Fellow eye Retinopathy

RO 39 (3.0%) 9 (2.4%) 7 (1.1%) 55 (2.4%)
R1 91 (6.9%) 27 (7.2%) 44 (6.8%) 162 (6.9%)
R2 205 (15.6%) 94 (25.2%)  122(18.7%) 421 (18.0%)
R3A 227 (17.3%) 66 (17.7%) 94 (14.4%) 387 (16.6%)
R3S 676 (51.5%) 165 (44.2%) 347 (53.3%) 1188 (50.9%)
U 74 (5.6%) 12 (3.2%) 37 (5.7%) 123 (5.3%)

Fellow eye Macula

MO 1033 (78.7%) 110 (29.5%)  148(22.7%) 1291 (55.3%)
M1A 74 (5.6%) 182 (48.8%)  74(11.4%) 330 (14.1%)
M1S 130 (9.9%) 67 (18.0%)  387(59.4%) 584 (25.0%)
U 75 (5.7%) 14 (3.8%) 42 (6.5%) 131 (5.6%)

Fellow eye laser

No 390 (29.7%) 150 (40.2%) 192 (29.5%) 732 (31.3%)
Yes 893 (68.1%) 219 (58.7%) 442 (67.9%) 1554 (66.5%)
Missing 29 (2.2%) 4(1.1%) 17 (2.6%) 50 (2.1%)

Supplementary Table 1. Diabetic grading and status of fellow eye at first diagnosis of stable
proliferative diabetic retinopathy in study eye
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