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Purpose: We determined the progression of visual function, macular structure, and
quality of life in patients with regressed proliferative diabetic retinopathy (PDR) after
panretinal photocoagulation (PRP).

Methods: In this prospective study, 22 patients who underwent PRP for PDR and
11 age-matched control participants underwent examinations at baseline and after
5 years. Visual acuity, contrast sensitivity, reading acuity, frequency doubling perime-
try, Humphrey field analyzer, and dark adaptation were measured. The Low Luminance
Questionnaire andNational Eye Institute Vision FunctionQuestionnaire-25were admin-
istered. Macular spectral-domain optical coherence tomography was taken.

Results: After 5 years, patients who had previously undergone PRP for PDR (18.4 ±
7.9 years previously) showed significant deterioration in contrast sensitivity, reading
acuity, frequency doubling perimetry 24-2 pattern standard deviation, and Humphrey
field analyzer 10-2 foveal sensitivity, which were equivalent to age-related decreases in
control participants. They revealed no further impairment in vision-related activities on
questionnaires. In contrast with controls, their maculas showed pathologic disorganiza-
tion of the retinal layers, especially the nerve fiber layer, which were thicker and consti-
tuted a greater proportion of the overall retinal thickness than the norm and associated
with impaired vision.

Conclusions: Patients with treated PDR had age-related decreases in vision, but stable
quality of life. Prior injuries from the diabetes and, possibly, laser treatment led to
substantial disruption in the retinal structure, which may explain the loss of vision.

Translational Relevance: Despite PRP treatment, patients with regressed PDR had
pathologic progression of the nerve fiber layer; further investigationmay identify a new
therapeutic target to reverse the visual deficits.

Introduction

Proliferative diabetic retinopathy (PDR) is one of
the leading causes of severe vision loss in the world,
estimated to affect as many as 10 million people world-
wide by 2030.1–4 The standard of treatment for PDR
has been panretinal photocoagulation (PRP), which
induces tissue coagulation in the peripheral retina
through laser burns and reduces its overall ischemic
drive.5,6 As a result, PRP decreases the risk of severe
vision loss in eyes with PDR up to 2 years after

treatment.7 However, PRP also damages the periph-
eral retina, leading to loss of peripheral visual field,
impaired night vision, and decreased visual acuity and
contrast sensitivity, along with edematous change in
the central retinal.8–12 Thus, it is important to under-
stand the long-term consequences of PRP treating
PDR.

Concurrently, landmark studies in the past decade
have demonstrated the ability to partially restore vision
via gene therapy in persons who were essentially blind
owing to Leber congenital amaurosis.13,14 The ability
to restore function in persons who have only light
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perception raises the prospect of improving vision in
persons who are less impaired. For example, patients
who have received PRP for PDR share features
found, in eyes with photoreceptor dystrophies, notably
pigmentary atrophy and hyperplasia in the laser scars,
vascular attenuation and optic disk pallor, yet they are
often able to read and drive. To develop new therapies,
it is important to understand the natural progression
of PDR after PRP.

The Diabetic Retinopathy Clinical Research
Network (DRCR.net) recently published the 5-year
outcomes of PRP for PDR, which reported gradual
loss of visual field from the baseline though visual
acuity remained stable after treatment.15 However, the
long-term outcome in people who received PRP for
PDR beyond the 5-year mark is not well-documented.
In this study, we evaluated the long-term outcomes in
patients with regressed PDR beyond the 5-year mark
to identify changes in visual function, retinal struc-
ture, and quality of life after treatment. Notably, we
also followed healthy volunteers to determine whether
these changes were associated with the normal aging
process. These results provide important new data on
the natural history of vision in patients with regressed
PDR, which may aid the development of future thera-
pies to improve their vision and overall quality of
life.

Methods

This prospective longitudinal study was conducted
at the University of Michigan W. K. Kellogg Eye
Center between August 2012 and September 2018 with
the approval from University of Michigan Medical
School Institutional Review Board and adhered to the
tenets of Declaration of Helsinki andHealth Insurance
Portability and Accountability Act.

Patient Enrollment and Follow-up Evaluation

This follow-up study was an extension of the report
published by Boynton et al.,16 which described the
inclusion and exclusion criteria of the participants
and were briefly outlined here. The study enrolled
two groups of participants: adults with diabetes who
had received PRP for PDR (post-PRP) and age-
matched healthy adults. (1) Post-PRP participants were
older than 18 years old, had received PRP at least
6 months before recruitment, and had no diabetic
macular edema. (2) Age-matched controls were older
than 18 years of age and had normal vision. In each

participant, the eyewith better visual acuity was chosen
as the study eye if both eyes were eligible.

The study eye received a baseline assessment and
then a follow-up assessment after 5 years. In each
assessment, the study eye received a comprehen-
sive ophthalmologic examination to evaluate visual
function and retinal structure.16 First, best-corrected
visual acuity was measured with electronic visual
acuity tester with Snellen chart. Reading acuity was
measured with the Minnesota Low Vision Reading
Test. Contrast sensitivity was examined using the Pelli-
Robson contrast sensitivity chart (Haag-Streit USA,
Mason, OH). A frequency doubling perimetry (FDP)
24-2 full threshold visual field was conducted on the
Matrix perimeter (Carl Zeiss Meditec, Dublin, CA).
Photopic central 10-2 Swedish Interactive Threshold-
ing Algorithm standard and peripheral 60-4 thresh-
old visual field were performed on a Humphrey field
analyzer (HFA) (II-750; Carl Zeiss Meditec, Dublin,
CA). Dark adaptation speed was determined using the
AdaptDx dark adaptometer (MacuLogix, Hummel-
stown, PA) after bleaching the study eye with a 5.8 ×
104 scotopic cd/m2-second flash.

Fundus photography was performed with an Optos
camera (Optos, Dunfermline, UK), and spectral
domain optical coherence tomography (OCT) was
performed with a Spectralis spectral domain OCT
(Heidelberg Engineering, Heidelberg, Germany).
Spectral domain OCT 20° × 20° volume scans
(97 sections, 512 A-scans in each B-scan, and 3.87-
micron axial resolution) of the macula were obtained.
Macular thickness was measured in three concentric
rings: fovea (with a 1-mm diameter), parafovea (an
inner ring with an inner diameter of 1mm and an outer
diameter of 3 mm), and perifovea (an outer ring with
an inner diameter of 3 mm and an outer diameter of 5
mm). The retinal thickness was measured with previ-
ously validated Duke Optical Coherence Tomography
Retinal Analysis Program software, using a semiau-
tomatic approach. First, the boundaries for nerve
fiber layer (NFL), ganglion cell/inner plexiform layer
(GC/IPL), inner nuclear layer, outer plexiform/outer
nuclear layer, inner segment/outer segment (IS/OS),
and retinal pigmented epithelium were delineated
automatically. Then, expert graders (LK, SF) carefully
reviewed and made adjustments, when necessary, to
improve segmentation accuracy.17,18

Although not included in the initial report, the
National Eye Institute Visual Field Questionnaire-25
and the Low Luminance Questionnaire (LLQ) were
administered at the baseline and follow-up visits.16 The
National Eye Institute Visual Field Questionnaire-25
is divided into 12 subscales: general health, general
vision, near vision, distance vision, driving, peripheral
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Table 1. Characteristics of Returned Participants at the Baseline and Follow-up Visits

Control Post-PRP PDR

Characteristics Baseline Follow-up Baseline Follow-up

Sex
Female 5 (45) 5 (45) 6 (27) 6 (27)
Male 6 (55) 6 (55) 16 (73) 16 (73)

Diabetes type
T1DM 15 (68) 15 (68)
T2DM 7 (32) 7 (32)

Age (years) 58.9 ± 15.2 63.7 ± 15.1 60.3 ± 14.6 65.0 ± 14.5
Diabetes duration (years) 36.1 ± 11.2 40.6 ± 10.8
Years since PRP 13.9 ± 11.2 18.6 ± 8.4
HbA1c (%) 5.6 ± 0.3 5.6 ± 0.3 7.59 ± 1.09 7.84 ± 1.28
BMI (kg/m2) 28.5 ± 8.8 28.6 ± 9.1 31.2 ± 6.1 30.2 ± 7.1

BMI, body mass index; HbA1c, hemoglobin A1c; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
Values are expressed as number (%) or mean ± SD. Participants were followed up after 5 years.

vision, color vision, ocular pain, and vision-specific
tasks such as role difficulties, dependency, social
functioning, and mental health. The LLQ is composed
of 6 subscales: driving, extreme lighting conditions,
mobility, emotional distress, general dim lighting, and
peripheral vision. Both questionnaires were scored
using the recommended method instructed by the
developers. The subscale scores were calculated by
summation of relevant scores and then transformed
into a scale of 0 to 100, where higher scores indicate
better function or well-being. For each questionnaire,
composite scores were calculated by combining all
subscale scores.19,20

Statistical Analysis

Data analysis was performed using SPSS Statistics
(version 25.0; SPSS, Inc, Chicago, IL). The distribu-
tion of each retinal layer was calculated by dividing the
thickness of each layer with the total retinal thickness.
Categorical variables were compared between groups
using chi-square or Fischer’s exact tests. Continuous
variables were expressed as mean and standard devia-
tion. The Shapiro-Wilk test was used to check for
normal distribution. Mann-Whitney U tests were used
to compared continuous variables between groups.
Wilcoxon sign-rank tests was used to compare between
the baseline and follow-up visits. Spearman’s rank-
order correlation tests assessed associations between
two variables, which the statistical significance was
defined as a P value of less than 0.01 to reduce the
chance of type I errors given that a large number of
variables were compared. Otherwise, statistical signifi-
cance was defined as a P value of less than 0.05.

Results

Among the original 45 participants, 33 completed
the second evaluation after 5 years. The cohort
included 11 healthy adults (control group) and 22
adults who had received PRP for PDR (post-PRP
group) (Table 1). At the follow-up, post-PRP patients
had received laser treatments, ranging from 5.6 to 37.0
years ago with a median of 16.1 years ago. Of note,
21 patients received bilateral PRP, and only 1 patient
received additional laser between the visits. Gener-
ally, the laser scars spread across the mid-peripheral
and peripheral regions, sparing the macula within the
temporal arcades. Despite regression of PDR on clini-
cal assessment, these diabetic patients had higher level
of hemoglobin A1c than the control participants (7.8
± 1.3 vs. 5.6 ± 0.3; P < 0.005). Otherwise, there was no
significant difference in age, gender ratio, or body mass
index between the groups.

Visual Function Outcomes

We investigated the changes in vision between
enrollment time and after 5 years. The post-PRP
patients generally had more visual impairments over
time (Table 2). First, Pelli-Robson contrast threshold
was 0.13 unit lower (P= 0.012). Second, reading acuity,
which measures the smallest font participants can read
accurately, deteriorated by more than two lines (P =
0.001). Third, FDP 24-2 showed a greater variability in
field patterns, as measured by pattern standard devia-
tion, which was 0.68 dB higher (P = 0.020). Fourth,
HFA 10-2 foveal sensitivity was decreased by 1.76 dB
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(P = 0.039). There was no statically significant change
in visual acuity, HFA 60-4, and dark adaptation.

Next, we compared the progression of visual
function over time between the control and post-PRP
groups to determine whether these changes were age
related (Table 2). In general, post-PRP patients had
similar decreases in visual function as the age-matched
healthy adults. These findings suggest that patients with
regressed PDR have deterioration of vision as they age,
and these changes are age appropriate instead of signs
of disease progression or adverse effects from the laser
scars.

Patient-reported Outcomes

We also assessed vision-related quality of life
using LLQ and National Eye Institute Visual Field
Questionnaire-25 (Table 2 and Supplementary Table S1
for the results of patient-reported outcomes). The post-
PRP patients generally reported lower scores on both
questionnaires than the control participants. However,
these patients did not report significant decreases in
their quality of life after 5 years, despite reduced vision.
In contrast, control participants revealed significantly
more trouble with extreme lighting conditions (e.g.,
moving from bright day light to a dark room or vice
versa; P = 0.043) and general vision (P = 0.025). Then,
we compared the changes in patient-reported outcomes
over time between the control and diabetic partici-
pants. We found that the self-reported improvements
in extreme lighting subscale on the LLQ among the
post-PRP patients was significantly different from that
of the control participants (3.25 ± 11.83 vs. –9.66 ±
13.80; P = 0.010). These results provide evidence of
resiliency and functional adaptation to poor vision in
patients with regressed PDR.

Macular Structure

We evaluated the thickness changes in each retinal
layer, which remained significantly different between
the control and post-PRP participants even after
5 years (Table 3). Generally, eyes that received PRP
had thicker NFL while thinner IS/OS in the fovea,
parafovea, and perifovea (all P < 0.05). In addition,
these diabetic eyes showed redistribution of retinal
layers (Fig. 1 and see Supplementary Table S2 for
relative retinal thickness). For example, in the fovea,
NFL was consisted of 7.59% of the overall thickness
in the diabetic eyes, whereas in the control eyes it only
constituted 6.17% (P = 0.048). In the diabetic eyes,
inner nuclear layer also constituted a greater propor-
tion than the norm while IS/OS constituted a smaller
proportion (P = 0.020 and P = 0.036, respectively).

Figure 1. Retinal layer distributions in the macula at the follow-
up visit. The graph shows the relative distribution of retinal layers
in the diabetic eyes treated with PRP and control eyes. In general,
diabetic eyes had redistribution of retinal layer thickness, whichmay
be pathologic. *The comparison between the control and diabetic
groupswas statistically significant (P< 0.05). INL, inner nuclear layer;
OP/ONL, outer plexiform/outer nuclear layer; RPE, retinal pigmented
epithelium.

In the parafovea and perifovea, there were also signifi-
cant changes in the proportion of NFL,GC/IPL, outer
plexiform/outer nuclear layer, IS/OS, and/or retinal
pigmented epithelium (all P ≤ 0.04).

In addition, the foveal and parafoveal GC/IPL of
the diabetic eyes became thinner after 5 years (P =
0.018 and P = 0.005) (Table 3). Likewise, there were
significant reductions in the proportion of GC/IPL
in these regions as well (–1.00% in fovea, P = 0.016;
–0.60% in parafovea, P = 0.020) after 5 years. In
contrast, the foveal NFL distribution increased by
0.54% (P = 0.039) in the diabetic eyes. There was no
significant change in other retinal layers.

Next, we compared the changes in thickness over
time in the control and diabetic eyes. Although there
were minimal changes in the overall retinal thickness,
we found significant changes in some of the specific
retinal layers (Figs. 2A-H). Unlike the foveal region of
the control eyes, the diabetic eyes showed a slight thick-
ening in NFL (–1.19 ± 1.06 μm vs. 0.64 ± 4.32 μm;
P = 0.012) while significant thinning in the GC/IPL
(–3.59 ± 6.55 μm vs. 0.36 ± 2.48 μm; P = 0.018)
after 5 years. There was no significant difference in
the other layers. These changes suggest that the inner
retinal layers change at a rate different from the natural
progression.

Furthermore, we showed that greater distribution
of foveal NFL was associated with declines in reading
acuity (in LogMAR), FDP 24-2 mean deviation, and
HFA 10-2 mean deviation (r = 0.474, r = –0.665,
and r = -0.557, respectively; P ≤ 0.01). In addition,
increased proportions of NFL in the parafovea and
perifovea were correlated with reduced FDP 24-2 mean
deviation (r = –0.637 and r = –0.587, respectively;
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Table 3. Comparison of Retinal Layer Thickness

Control Post-PRP PDR

Thickness (μm) Baseline Follow-up P value Baseline Follow-up P value P value*

Fovea
NFL 18.84 ± 1.15 17.65 ± 0.68 0.003 20.25 ± 4.79 20.88 ± 4.98 0.502 0.006
GC/IPL 39.57 ± 13.52 39.94 ± 13.43 0.477 40.28 ± 11.34 36.70 ± 13.22 0.018 0.515
INL 23.39 ± 6.84 23.39 ± 7.69 0.635 29.20 ± 6.24 30.12 ± 11.57 0.606 0.092
OP/ONL 139.55 ± 10.74 138.86 ± 9.22 0.386 141.24 ± 25.52 135.76 ± 28.06 0.072 0.642
IS/OS 38.39 ± 1.96 37.47 ± 1.55 0.075 32.80 ± 9.28 32.30 ± 9.41 0.139 0.006
RPE 31.03 ± 3.28 30.12 ± 4.18 0.075 28.58 ± 3.83 28.51 ± 3.75 0.911 0.273

Parafovea
NFL 27.66 ± 1.77 27.56 ± 1.80 0.722 33.87 ± 5.98 33.29 ± 5.66 0.445 <0.001
GC/IPL 93.67 ± 8.14 91.75 ± 7.08 0.013 86.79 ± 12.00 83.63 ± 12.89 0.005 0.062
INL 39.92 ± 3.86 39.79 ± 4.60 0.722 39.05 ± 5.87 38.97 ± 5.84 0.733 0.688
OP/ONL 118.28 ± 4.88 117.50 ± 4.93 0.033 123.60 ± 15.46 122.77 ± 14.46 0.592 0.134
IS/OS 33.31 ± 1.98 33.17 ± 2.03 0.657 30.30 ± 5.79 29.70 ± 6.02 0.088 0.026
RPE 30.66 ± 2.96 29.87 ± 3.03 0.155 26.63 ± 3.20 26.86 ± 3.22 0.783 0.015

Perifovea
NFL 41.46 ± 5.17 40.73 ± 5.08 0.213 52.17 ± 9.50 50.90 ± 9.63 0.200 <0.001
GC/IPL 64.05 ± 5.08 63.12 ± 4.67 0.182 67.12 ± 7.25 66.10 ± 7.15 0.322 0.222
INL 30.44 ± 2.53 30.19 ± 2.69 0.328 31.40 ± 5.09 31.59 ± 5.39 0.884 0.895
OP/ONL 95.96 ± 6.85 95.24 ± 6.80 0.033 103.37 ± 10.71 103.84 ± 10.12 0.709 0.009
IS/OS 34.02 ± 2.96 34.10 ± 1.67 0.722 29.64 ± 4.85 29.16 ± 5.08 0.131 <0.001
RPE 27.46 ± 4.63 26.72 ± 3.83 0.374 25.48 ± 2.94 25.41 ± 4.08 0.783 0.384

INL, inner nuclear layer; OP/ONL, outer plexiform/outer nuclear layer; RPE, retinal pigmented epithelium.
Even after 5 years, diabetic patients treated with PRP still had pathologic changes in the NFL and IS/OS. They also showed

progressive thinning of GC/IPL over time.
*Compared the results at the follow-up visit between control and diabetic patients.

P≤ 0.01). There was no significant correlation between
NFL and visual acuity or contrast sensitivity. These
findings suggest that increased distribution of NFL is
linked to impaired vision in patients who were treated
with PRP.

Discussion

In this prospective study, we found progressive
deterioration of visual function and retinal thickness
in patients who had regressed PDR after PRP, most
of whom had received laser treatments more than
a decade earlier. Over 5 years, they showed further
decreases in central and peripheral vision compared
with baseline, but these progressions were compara-
ble with the changes found with normal aging in
people without diabetes. These patients also reported
minimal changes in their vision-related quality of life
despite poor vision. Yet, their eyes still had progres-
sive changes in the organization of the retinal structure,

which was associated with visual impairment. This
information is important for future efforts to restore
vision in people with treated diabetic retinopathy, as
proposed recently by the Juvenile Diabetes Research
Foundation.21

In our study, patients who underwent PRP experi-
enced significant declines in measures of central
vision, including reading acuity, contrast sensitivity,
and visual field after 5 years, even though they had
regressed PDR on fundus examination. Likewise, in a
recent clinical trial that followed the 5-year outcome of
PRP versus intravitreous ranibizumab for PDR, Gross
et al.15 reported progressive loss of visual field among
the PRP-treated eyes at the 5-year visit compared with
baseline. In comparison, the ranibizumab group had
similar visual acuity, although lower incidences of
diabetic macular edema and vitrectomy and less reduc-
tion of visual field as the PRP group, supporting the
intravitreous injection as a viable alternative for treat-
ing PDR. Of note, regular follow-up is an important
criterion when managing patients with ranibizumab
because its effect is generally temporary and good
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Figure 2. After 5 years, a post-PRP patient (a 69-year-old man with a BCVA of 20/25 and had PRP 9 years ago) and a healthy control partic-
ipant (a 77-year-old man with a BCVA of 20/25) had minimal changes in their overall retinal thickness and general topology.

long-term outcomes require scheduled injections.
Clinicians need to consider the risk of loss to follow-
up in their patient population when treating with
injection alone.

When evaluating vision, it is also important
to consider the declines associated with normal
aging.20,22–25 In our study, we found that post-PRP
patients had a similar degree of vision loss as the
control participants at the 5-year follow-up. Hence,
the progressive loss of vision in regressed PDR is
likely due to aging and less likely attributed to disease
progression or residual effects from the laser injury. In
other words, these patients could greatly benefit from
therapies that slow down the natural progression of
vision loss related to aging.

Next, based on the responses from patient-reported
outcomes, we also found that patients with regressed
PDR can adapt to their poor vision. We observed
that, after 5 years, some patients reported subjec-
tive improvement in vision-related activities such as
navigating between bright day light and a dimly lit
corridor, managing their emotional distress, and adapt-
ing to their restricted peripheral vision. In contrast,
control participants generally reported worsening
performance in their vision-specific activities. They had
more difficulties with moving around in dim light-
ing, loss of peripheral vision, and declining driving
ability and confidence. Owsley et al.26 also found that
adults 60 years of age and older even with normal
macular health generally reported notable declines
in their vision-related quality of life after 3 years,

especially with seeing at night and under low luminance
condition.

Despite both control and diabetic participants
experiencing age-related deterioration in vision, only
patients with diabetes paradoxically reported subjec-
tive improvement and adaptation in their daily life,
which was not seen in individuals without diabetes.
Dissociations of changes in visual function and quality
of life responses indicate that factors other than vision
also affect people’s quality of life. Trillo and Dicknin-
son27 reported that, in people with low vision, nonvi-
sual factors, such as physical and mental health, were
better indicators of quality of life than visual factors,
such as contrast sensitivity and visual acuity. Another
study found that positive coping strategies were associ-
ated with better quality of life in people with long-
term visual impairment, which suggested that counsel-
ing and training in positive coping mechanisms could
be part of their care.28 Currently, there is no established
treatment to restore vision in patients with regressed
PDR. However, they may benefit from other inter-
ventions, whether psychological or social supports, to
optimize their quality of life.

In terms of retinal morphology, we found that,
even after 5 years, there were minimal changes in each
retinal layer of the macula, except the GC/IPL. The
GC/IPL was thinner in the fovea and parafovea, but
relatively unchanged in the perifovea. Then compared
with the progression of healthy aging eyes, these eyes
also showed pathologic hypertrophy of the NFL and
atrophy of the GC/IPL. However, thinning of the GC
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layer usually corresponds with a loss of NFL because
of the axonal loss from the injured GCs.29 Lee et al.30
showed that both GC layer and NFL were thinner in
diabetic eyes that received PRP at least 3 years ago
as compared with diabetic eyes before laser treatment
and the healthy eyes. Specifically, Lee et al.31 found
that the peripapillary NFL thickness initially increased
after PRP, but then gradually decreased over time and
then became thinner than the baseline thickness at the
end of 2 years. In our study, however, most patients
received PRPmore than 10 years ago and were afflicted
by diabetes for many more years. The pathologic thick-
ening of NFL may be a maladaptive response after
prolonged injuries from diabetes and may be related to
the laser treatment.

Furthermore, unlike the healthy eyes, the NFL of
the diabetic eyes constituted a greater proportion of
the total retinal thickness, which corresponded with
abnormal thickening of the NFL and associated with
reduced central vision. In other words, these retinal
nerve fibers were likely malfunctional, and pathologic
modifications may explain some of the vision impair-
ments. One explanation is that the apparent thicken-
ing of the NFL is due to retinal fibrosis. Histopatho-
logic studies have demonstrated that formation of
fibrotic tissues was associated with neovascularization
during PDR stage, and some studies suggested that
Müller cells, astrocytes, microglia may contribute to
this fibrotic process.32–35 Fibrosis might also occur at
the site of photocoagulation and contribute to loss
of function.36 One of the most feared complications
associated with fibrovascular proliferative tissue was
tractional retinal detachment, separating the neurosen-
sory retina from the retinal pigment epithelium, leading
to severe vision loss if left untreated.37 Even with
successful reattachment after vitrectomy, most eyes
never returned to their baseline vision, suggesting
irreversible damage to the neurovascular components
despite gross restoration of the retinal architecture.38
Another possibility is that microscopic swelling within
the nerve fiber mimics the appearance of thick-
ened NFL. These maladaptations could impede visual
pathway signaling and lead to impaired functionality.
Nevertheless, future studies should further investigate
the mechanisms of pathologic changes in the NFL,
which may identify new therapeutic targets to improve
vision in patients with diabetic retinopathy.

There are some limitations to consider when inter-
preting the results of this study. First, despite careful
manual correction of automatically delineated retinal
boundary layers by expert graders, some patho-
logic features, including epiretinal membrane, and
patient-specific factors, such as media opacity and eye
movement, could affect the accuracy of segmentation.

Second, the study had a small sample size of 30 patients
who had PRP for PDR and 15 healthy adults. Then,
after 5 years, only 22 diabetic patients and 11 healthy
controls were reexamined. Limited by the small sample
size, we could not examine the interaction effects of
multiple retinal layers on vision. We hypothesize that
vision impairments are likely the product of modifica-
tions in multiple retinal layers. Hence, a large study in
the future could congruently examine multiple layers
to explain the changes in vision outcomes in these
patients.

A larger study could also investigate the effect
of other pathologic features associated with diabetic
retinopathy, such as disorganization of the retinal inner
layer and retinal ischemia, which were found in some
retinas of people with diabetes (Figs. 3A-D). Sun
et al.39 suggested that disorganization of the retinal
inner layers could indicate the cellular injuries within
the inner retina, affecting bipolar, amacrine, or
horizontal cells, disrupting the transmission of visual
information from the photoreceptors to the GCs.
Recent studies revealed the presence of disorganiza-
tion of retinal inner layer was correlated with a loss
of visual acuity, contrast sensitivity, and visual field
and severity of macular capillary nonperfusion.39–42
Similarly, the extent of retinal ischemia in patients with
diabetes corresponded with the severity of vision loss
and development of macular edema.43–45 The advent
of OCT angiography further elucidated the conse-
quence of vascular pathology in diabetic retinopathy.
Several OCT angiography studies showed that loss
of peripapillary vascular density was associated with
reduction in retinal NFL thickness, the enlargement of
foveal avascular zone was corresponded to disruption
in the photoreceptor layer, and loss of macular vascu-
lature was linked to loss of GCs and progressive retinal
neurodegeneration.46–49

Strengths of this study include comprehensive
examination of multiple aspects of visual function,
which had not previously been evaluated in a longi-
tudinal study of patients treated with PRP for PDR.
In addition, we included healthy participants, which
allowed assessments of age-related loss in vision, retinal
thickness, and quality of life. The results ultimately
add to the existing knowledge about the long-term
outcomes in patients with regressed PDR.

In this study, most patients with regressed PDR
had initially received PRP more than a decade previ-
ously. Despite poor baseline vision, they only had
age-related declines in visual function after 5 years.
However, their macula showed reorganization of
retinal layers, especially NFL, which may explain some
of the vision impairments despite regressed retinopa-
thy. These patients also reported stable quality of life
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Figure 3. Fundus andOCT images of a control participant and a diabetic patient. The diabetic retina had significant laser scars surrounding
the macula (B) and showed evidence of pathologic modifications of the retinal layers (D), such as signs of disorganization of retinal inner
layers (DRIL; red arrow) and cystoid changes (yellow arrow).

and demonstrated the ability to adapt to their new
baseline. These findings support the usefulness of PRP
for PDR and its long-term benefits in preserving vision
after regression of PDR.5,7,15 In addition, after treat-
ment and regression of PDR, patients can expect
subtle deterioration of visual function related to aging.
Looking forward, although no current treatments can
restore normal vision in these patients, we believe that
future regenerative therapies could restore retinal nerve
fibers, photoreceptors, and blood vessels, which are
injured by diabetes and laser treatment.31,50–52 Thus,
this study provides a new understanding of the natural
history of treated PDR that may enable future thera-
pies to improve their vision and quality of life.
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