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Abstract

Purpose To evaluate long-term structural
and functional changes to the retina and optic
nerve following panretinal photocoagulation
(PRP) in diabetic retinopathy (DR) patients.
Methods Participants were patients with DR
requiring PRP and control patients with DR
not requiring PRP. The Heidelberg retinal
tomography (HRT) and optical coherence
tomography (OCT) were performed to
analyze the optic nerve and macula. Best-
corrected visual acuity (BCVA) and visual
field (VF) testing were done to measure
central and peripheral vision. Wide-field
fluorescein angiogram was performed to
monitor the progression of diabetic ischemia.
The primary outcome measure was to
determine the degree of retinal and optic
nerve changes before and after PRP.
Results There was a non-significant
thickening of the macula and retinal nerve
fiber layer at 6 months post laser that
recovered by 24 months. Mean perfused ratio
was significantly increased (P= 0.02) at 12 and
24 months post laser. Independently grading
patient stereophotographs, grader 1 indicated
there was a non-significant increase in cup to
disk ratio post laser, while grader 2 indicated
a significant increase at 6 (P= 0.04), 12
(P= 0.02), and 24 months (P= 0.005). There
was a significant VF decrease (P≤ 0.02) at 12
and 24 months post laser with BCVA
showing a non-significant trend of
deteriorating results.
Conclusion Despite an improvement in
peripheral perfusion, there was a significant
progressive decline of peripheral VF over the
study period. Clinical grading of the optic
nerve was more unreliable following PRP,
despite the absence of significant

morphological changes as detected by the
OCT and HRT.
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Introduction

Diabetic retinopathy (DR) is the leading cause of
blindness among working-aged adults and is
estimated to affect 4141 million adults
worldwide.1,2 Over the past 40 years,
epidemiological studies and clinical trials have
demonstrated that timely laser photocoagulation
can prevent vision loss in DR. Panretinal
photocoagulation (PRP) has been shown to
stabilize and control the proliferative disease in
Diabetic Retinopathy Study and has since
became the gold standard treatment.3,4 While it
has been reported that PRP may result in visual
field changes, there have been few studies that
have looked at the impact on the optic nerve,
especially the long-term effects.5–7 The risk of a
dual diagnosis of treated DR and normal-tension
glaucoma exists without adequate awareness of
the potential impact of PRP on the appearance of
the optic nerve head. While PRP has
revolutionized how DR patients are managed,
the long-term structural and functional effects of
PRP on the retina and optic nerve remain
unanswered.
The purpose of this study is to evaluate retinal

and optic nerve changes using structural and
functional diagnostic tests at 6, 12, and
24 months in DR patients post laser treatment.
To our knowledge, this is the first
comprehensive study to investigate long-term
structural and functional effects of PRP on the
retina and optic nerve that involves analysis of
macular thickness, RNFL, mean perfusion,
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vertical C/D ratio, stereophotos, IOP, visual acuity, and
visual fields.

Materials and methods

The study was conducted at Ivey Eye Institute, a tertiary
care academic center in London, Ontario, Canada. This
study complies with Declaration of Helsinki and was
approved by Health Sciences Research Ethics Board of
Western University. Prospective, treatment-naive patients
who had severe non-proliferative and proliferative DR
according to the ETDRS guidelines and over the age of 18
years were recruited into the study. Participants were
excluded from the study if they had advanced lens
opacity or cataract that could affect diagnostic testing,
history of glaucoma, or any other disorder of the optic
nerve (optic neuropathy, neuritis, uveitis, or retinal
degeneration), presence of macular edema (central
macular thickness 4300 μm), and prior retinal treatment
(PRP, focal laser or surgery within 6 months of
participation). All participants provided informed
consent. From this group, eight patients who did not
receive laser treatments as the DR was at the severe
non-proliferative state were chosen as the control.
Participants were evaluated at pre-laser baseline, and 6,
12, and 24 months post laser. During each study visit,
participants underwent OCT, HRT, VF, and IVFA testing,
as well as a standard ophthalmic exam that included best-
corrected Snellen visual acuity, intraocular measurement
using Goldmann applanation tonometer, and slip lamp
examination. Humphrey 24-2 SITA visual field testing
was performed with undilated eyes.

Optical coherence tomography

Macular thickness, optic disc cube and HD 5 line raster
imaging was obtained using optical coherence
tomography (Cirrus HD-OCT 4000, Carl Zeiss Meditech,
Dublin, CA, USA). The principles and protocol have been
previously described in detail.8–10 OCT tests were taken at
pre-laser baseline, and at 6, 12, and 24 months post laser.
Each scan was repeated three times to ensure highest
signal strength.
Analysis of the macula were performed using 6× 6 mm

scans with a resolution of 512× 128 (128 horizontal scan
lines consisting of 512 A-scans). The macular thickness
was displayed as three concentric circles, with a 1 mm
diameter central circular subfield, a 3 mm diameter inner
ring, and a 6 mm diameter outer ring. Each ring was
divided into superior, inferior, nasal, and temporal
quadrants.7 When performing a scan of the optic nerve, a
3.4 mm ring was centered on the optic nerve and 768
A-scans are performed.11,12 The average RNFL thickness
and vertical C/D ratio were measured. To analyze images

of the retinal structure, HD 5 line raster was performed.
This high-density scan does 4096 A-scans in five planes to
provide a high-definition image.12

Heidelberg retinal tomography

HRT imaging of the optic nerve was performed by
Heidelberg Retina Tomograph II. The scanning protocol
has been previously described in detail.13,14 Each scan
was repeated three times to ensure lowest SD. In brief, an
experienced technician marks the optic disc margin
contour line (marked at the inner border of the scleral
ring) by observing the disk images. Once the contour line
is marked, a standard reference plane is placed 50 μm
posterior to the mean retinal height between 350 and 356°
along the contour line.15 The area superficial to the
reference plane is considered the neuroretinal rim, while
the area deep to the plane is considered the cup. HRT
software analyzes the shape of the optic nerve, to either be
normal or outside normal limits, by calculating a set of
stereometric parameters. These parameters are also used
to calculate glaucomatous progression.16

Humphrey visual field analyzer

Standard Humphrey 24-2 SITA testing algorithm was
performed on Humphrey Field Analyzer, model 750i
(Zeiss Humphrey Systems, Dublin, CA, USA). In 24-2
SITA testing algorithm, 54 individual points are tested.
The threshold values calculated from those points are
then compared to a normative database for similar aged
normal-sighted individuals.17 Fixation losses and false-
negative responses 420% and false-positive responses
415% were excluded from the study.16

Wide-field fluorescein angiogram and quantification of
ischemia

Angiography was performed on the Optos 200 Tx with an
intravenous injection of 5 ml of 10% sodium fluorescein.18

Digital stereoscopic photographs and fluorescein
angiography (IVFA) photos were taken. The best IVFA
image obtained during the arteriovenous phase of each
patient was used to quantify the amount of ischemia. The
uncompressed tiff images were transferred from the
Optos V2 Vantage Review Software to Adobe software
(Adobe Systems, Inc., San Jose, CA, USA) for analysis.
Two graders quantified the amount of ischemia in each

patient using the concentric rings method that has been
previously described in detail.19 In this method, the
innermost circle was first centered on the optic nerve to be
sized proportionately and then repositioned to be fovea-
centered. The 12 segments in each of the rings were
graded as, ‘perfused’, or ‘non-perfused’, if 450% of the
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segment showed either a perfused or non-perfused
morphology. The classification of ‘non-perfused’ and
‘perfused’ morphology was taken from the SCORE study.
In the control and PRP laser eyes, ‘non-perfused’ was
characterized by a darker appearance of the retina and
pruned tree appearance (narrowed and difficult to see) of
surrounding arterioles. ‘Perfused’ morphology was
characterized by its clear ground-glass opacity.20

Calculations of the mean perfused ratio were performed
using the mean perfusion ratio= area perfused/(area
perfused+non-perfused). Each segment in each of the
rings was given a value of either 0 indicating non-
perfused or 1 indicating perfused retina.

Optic nerve grading

Stereoscopic photographs were taken with Optos 200 Tx
at baseline, and 6, 12, and 24 months post laser. Optic
nerve photographs were cropped to a size of 4 × 4 mm for
grading. Two glaucoma specialists independently graded
the C/D ratio of the laser-treated eyes and control eyes of
diabetic patients not requiring laser. The graders were
masked to the type of patients and purpose of the study.

Pattern scan laser photocoagulator

Pascal (pattern scan laser photocoagulator) laser is a semi-
automated 532 nm frequency-doubled neodymium-
doped yttrium aluminum garnet (Nd:YAG) solid-state
laser.21 The laser was applied in a pattern array and uses
very short pulse durations of 10–20 ms for each burn with
typically a higher power compared to conventional
photocoagulation (100 mW and 100 ms pulse duration).
All patients received PRP with a pulse duration of 20 ms
and a spot size of 200 mm. Power varied between
430–600 mW to achieve a mild gray-white burn intensity,
which according to the ETDRS guidelines, is a grade
2+ and 3+ burn. Patients received a mean± SD of
1720.8± 392.3 laser spots ranging from 1125 to 2125 spots.
Between sessions, there was an interval of 2 to 3 weeks.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
5 (GraphPad Software, San Diego, CA, USA). For
statistical analysis, Snellen BCVA measurements were
converted to logarithm of the minimum angle of
resolution (logMAR) scores. Unpaired t-test was used to
compare the average age, and Fisher’s exact test was used
to compare the percentage of female participants between
control and PRP laser groups. Paired t-test was used to
compare differences at specified points over time in PRP-
treated and control groups. Repeated measures ANOVA
with Bonferroni’s multiple comparison test was used to

statistically analyze the interval changes of measurements
in PRP laser and control groups at baseline, 6, 12, and
24 months, respectively. All data were expressed as
mean± SD and accepted as statistically significant if
Po0.05.
To calculate sample size with an overall power of 80%,

Po0.05 was used as an acceptable significance level.
Using a two-tailed test for a control with an optic nerve of
0.3 and an atrophy group of 0.6, the effect size would be
0.3. Adding the values to the sample size calculation, we
calculated that we would need 16 patients for an 80%
power number. Twenty diabetic patients requiring PRP
were recruited into the study, but four were removed due
to patient compliance. Eight patients were used as
diabetic controls not requiring laser. The diabetic control
group did not have proliferative disease that developed
during the 2-year study period. They were included to
ensure that the observed changes could be correlated with
the laser treatments and not due to diabetic disease itself.

Results

A single eye from each of the 16 patients requiring PRP
and 8 control patients not requiring PRP, who were
recruited between 20 December 2013 and 27 December
2015, was analyzed. The average age of patients was
70.6± 8.4 years for the control group and 65.7± 12.5 years
for the PRP laser group. The control group had 37.5%
female participants, while the PRP laser group had 25%
female participants. The control and PRP laser groups did
not significantly differ (P40.05) in any of these categories.
None of the patients developed diabetic macular edema
during the study.
Following laser treatment, the macular thickness

(Figure 1a) increased by 3.9 μM at 6 months (298.10±
29.02 μM, P= 0.44) relative to baseline (294.20± 24.20 μM).
The macular thickness recovered to 293.30± 20.99 μM at
12 months (P= 0.82) and 291.90± 25.41 μM at 24 months
(P= 0.74). Compared to baseline (276.60± 35.36 μM), the
control group showed no significant change in macular
thickness at 6 months (273.40± 29.22 μM, P= 0.27),
12 months (274.90± 33.48 μM, P= 0.72), and 24 months
(272.80± 36.51 μM, P= 0.31).
RNFL thickness (Figure 1b) increased at 6 months

(86.25± 12.07 μM, P= 0.14), 12 months (85.50± 9.70 μM,
P= 0.29), and 24 months (84.38± 13.09 μM, P= 0.56)
compared to baseline (82.75± 11.38 μM). The control
group had no significant change in RNFL thickness at
6 months (74.88± 9.96 μM, P= 0.51), 12 months (74.38±
8.78 μM, P= 0.93), and 24 months (72.75± 9.15 μM,
P= 0.40) compared to baseline (74.25± 10.39 μM).
The mean perfused ratio showed no significant

difference at 6 months (0.45± 0.15, P= 0.16), but a
significant improvement at 12 months (0.47± 0.14,
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P= 0.02) and 24 months (0.49± 0.15, P= 0.02) compared
to baseline (0.44± 0.15) (Figure 1c). There was no
significant difference in the control group at 6 months
(0.61± 0.21, P= 1.00), 12 months (0.61± 0.22, P= 0.68),
and 24 months (0.61± 0.22, P= 0.80) compared to baseline
(0.61± 0.21).
Analysis of the optic nerve and its vertical C/D ratio by

OCT (Figure 2a) showed a slight increase at 6 months
(0.48± 0.19, P= 0.43), 12 months (0.47± 0.20, P= 0.61),
and 24 months (0.47± 0.19, P= 0.0.62) compared to
baseline (0.46± 0.19). Vertical C/D ratio remained
consistent in the control group, being 0.52± 0.29 at
baseline, 0.54± 0.23 at 6 months (P= 0.57), 0.54± 0.24 at
12 months (P= 0.64), and 0.54± 0.27at 24 months
(P= 0.37).
Analysis of the optic nerve and its vertical C/D ratio

using the HRT (Figure 2b) in the PRP laser group
increased at 6 months (0.33± 0.30, P= 0.24) compared to
baseline (0.27± 0.26) measured. It remained elevated at
12 months (0.32± 0.28, P= 0.34) and 24 months
(0.31± 0.28, P= 0.44) post-laser. Vertical C/D ratio
showed no significant difference in the control group at
6 months (0.34± 0.31, P= 0.61), 12 months (0.32± 0.30,
P= 0.44), and 24 months (0.33± 0.29, P= 0.51) compared
to baseline (0.35± 0.28).
Two glaucoma specialists were assigned to

independently grade the vertical C/D ratio in the same
eyes following PRP laser using stereophotographs

(Figure 3a). Grader 1 indicated at baseline, the mean
vertical C/D was 0.44± 0.17, and noted an increase at
6 months (0.46± 0.17, P= 0.08), 12 months (0.46± 0.16,
P= 0.15), and 24 months (0.47± 0.16, P= 0.13) post laser.
Grader 2 indicated baseline mean vertical C/D ratio of
0.35± 0.17, and noted a significant increase at 6 months
(0.37± 0.18, P= 0.04) and 12 months (0.38± 0.18, P= 0.02),
with a further increase at 24 months (0.40± 0.19,
P= 0.005) post laser. The graders also graded control eyes
of diabetic patients not requiring laser treatment. Both
graders 1 and 2 found that over 24 months, there was no
significant difference (P≥ 0.10; Figure 3b).
After the laser treatment, visual field tests had an

average baseline mean deviation (MD) (Figure 4a) in the
PRP laser group of − 4.39± 3.10 dB. Mean MD digressed
at 6 months by 1.30 dB (−5.68± 5.03 dB, P= 0.24), and
further decreased at 12 months (−5.73± 4.07 dB, P= 0.02)
and 24 months (−6.36± 3.74, P= 0.01) post laser. Control
group showed no significant differences in visual field
mean MD at baseline (−8.46± 8.83 dB), 6 months
(−8.43± 6.29 dB, P= 0.98), 12 months (−7.41± 4.78 dB,
P= 0.53), and 24 months (−9.19± 6.35 dB, P= 0.64).
Baseline mean best-corrected visual acuities (Figure 4b)

were 0.32± 0.24 logMAR in the control group and
0.34± 0.31 logMAR in the PRP laser group. Visual acuity
slightly increased to 0.3± 0.29 logMAR at 6 months
(P= 0.32), but gradually decreased to 0.36± 0.33 logMAR
at 12 months (P= 0.58) and 0.38± 0.30 logMAR at

Figure 2 Interval changes in vertical cup/disk ratio measured on the (a) OCT and (b) HRT at baseline, 6, 12 and 24 months later in the
control and PRP laser groups. P-value: control group differences between baseline and post-follow-up measurements, paired t-test.
P'-value: PRP laser group differences between baseline and post-laser measurements, paired t-test.

Figure 1 Interval changes in (a) macular thickness, (b) RNFL thickness and (c) mean perfused ratio at baseline, and 6, 12, and
24 months later in the control and PRP laser groups. P-value: control group differences between baseline and post-follow-up
measurements, paired t-test. P'-value: PRP laser group differences between baseline and post-laser measurements, paired t-test.
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24 months (P= 0.37) post laser. Visual acuity remained
consistent in the control group, being 0.32± 0.24 logMAR
at baseline, 0.29± 0.23 logMAR at 6 months (P= 0.59),
0.31± 0.21 logMAR at 12 months (P= 0.90), and
0.33± 0.20 logMAR at 24 months (P= 0.85). These changes
were not statistically significant.
After Pascal photocoagulation, intraocular pressure

(IOP) (Figure 5) significantly decreased (P= 0.04) by
1.5 mmHg at 6 months (17.31± 3.26 mmHg) compared
to baseline (18.81± 4.04 mmHg). It remained at
17.31± 3.05 mmHg at 12 months (P= 0.12), but then
increased close to control values (18.25± 3.98 mmHg) at
24 months (P= 0.68). In the control group, IOP remained

constant, being 17.38± 2.00 mmHg at baseline,
17.13± 2.59 mmHg at 6 months (P= 0.81),
17.00± 1.69 mmHg at 12 months (P= 0.70), and
17.50± 3.30 mmHg at 24 months (P= 0.93). These
changes were not statistically significant.

Discussion

PRP laser used in this study was Pascal Pattern Scan Laser
(OptiMedica, Santa Clara, CA, USA). Compared to
conventional photocoagulation lasers that use lower
power (100 mW) and longer pulse duration (100 ms),
Pascal laser that is applied in a pattern array, uses a very
short pulse duration of 10–20 ms for each burn and
typically a higher power. It has been suggested that
Pascal laser may promote healing while causing less
collateral damage compared to conventional
photocoagulation lasers.22 Despite differences between
Pascal laser and conventional argon laser for PRP, past
studies have shown that there are no significant
differences in outcomes between the two lasers, showing
similar effects and similar regression of DR.22–25

The macular and RNFL thickness (Figures 1a and b)
showed an increase at 6 months and a decrease by
24 months post laser indicating recovery. Past
studies7,26,27 have described similar increases in thickness
pre-6 months, likely due to post-laser intraretinal
inflammation. Photocoagulation creates thermal and
photochemical damage, resulting in the production of

Figure 3 Interval changes in vertical cup/disk ratio measured by two masked glaucoma specialists using stereophotographs at
baseline, 6, 12, and 24 months later in the (a) PRP laser group and the (b) control group. P-value: grader 1 differences between baseline
and post-laser measurements, paired t-test. P'-value: grader 2 differences between baseline and post-laser measurements, paired t-test.

Figure 4 Interval changes in mean deviation measured on the (a) Humphrey Visual Field Analyzer and (b) visual acuity at baseline,
and 6, 12, and 24 months later in the control and PRP laser groups. P-value: control group differences between baseline and post-follow-
up measurements, paired t-test. P'-value: PRP laser group differences between baseline and post-laser measurements, paired t-test.

Figure 5 Interval changes in intraocular pressure at baseline,
6, 12, and 24 months later in the control and PRP laser groups.
P-value: control group differences between baseline and post-
follow-up measurements, paired t-test. P'-value: PRP laser group
differences between baseline and post-laser measurements,
paired t-test.
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reactive oxygen species (ROS).27 ROS generates an
immune response in the retinal tissue by increasing the
intraretinal junctional permeability and recruitment of
leukocytes.7,27–31 The decrease post 6 months suggests
that the effects of an acute inflammation persist up to
6 months in the retinal tissue after laser treatment.
Overall, by 24 months, there is no significant change in
the macular or RNFL thickness compared to pre-
treatment state.
To determine whether the observed changes were due

to the laser treatment or diabetes itself, the amount of
ischemia was quantified using the mean perfused ratio.
The mean perfused ratio was calculated by the concentric
rings method utilized by Nicholson et al.19 Compared to
the standard ischemic index method wherein the grader
draws the ratio of area perfused to the total area graded,
the concentric rings method utilizes a set template. It has a
perfect agreement with the ischemic index method, a
higher inter-grader agreement, and a short-grading
time.19 Using the concentric rings method, it was
observed that at 12 and 24 months post laser, PRP laser
resulted in a significant increase in the perfusion of the
eye, whereas the control eyes showed no change. The
result suggests that although diabetes remains a
contributing factor, the improvement and changes in
ischemia are most likely the result of the laser treatment.
There was a similar trend between the OCT and HRT

machines when analyzing the optic nerve. In the vertical
C/D ratio on OCT, there was a slight increase of +0.009 at
6, 12, and 24 months compared to the baseline in the PRP
laser group. HRT showed an increase in the vertical C/D
ratio by +0.06 post 6 months. There was a statistically
significant decrease in pressure by 1.5 mmHg at 6 months
compared to baseline (18.81± 4.04 mmHg; Figure 5).32

IOP remained lowered before recovering to
18.25± 3.98 mmHg at 24 months.
The current gold standard for analyzing the optic nerve

is grading of stereophotographs by glaucoma specialists.
Two glaucoma specialists were assigned to grade the C/D
ratio in the same eyes following PRP laser treatment using
stereophotographs. Similarly to the OCT and HRT results,
grader 1 indicated that there was a non-significant C/D
increase over 24 months, whereas grader 2 indicated a
significant increase at 6 and 12 months, with a further
significant increase at 24 months post laser. There is a
discrepancy between how ophthalmologists grade optic
nerves post laser treatment. This has been observed in
other studies of disc analysis and it is apparent that a
more objective analysis is needed.33,34 To verify whether
the discrepancy is due to the laser-treated eyes and not
the graders themselves, the graders also assessed control
eyes of diabetic patients not requiring laser treatment.
When asked to grade the control eyes, both graders 1 and
2 found that over 24 months, there was no significant

difference in the C/D ratios. These data may suggest that
non-morphological changes in color in the optic nerve
post-PRP result in a decreased ability to consistently
grade nerves for cupping that is important in recognizing
the potential for hidden glaucoma.
In addition to the inconsistent clinical grading of the

optic nerve post laser, visual acuity showed a non-
significant decline, and visual fields showed a progressive
significant decline at 12 and 24 months post laser. Past
studies have reported the degree of peripheral retina
destroyed by photocoagulation; however, none have
documented progressive long-term visual field loss over a
2-year time period.5,35,36 With the unreliable grading of
the optic nerve and further progressive deterioration of
visual fields post laser, it is understandable why some
diabetic patients post PRP are being misdiagnosed with
having normal-tension glaucoma despite the presented
symptoms that are likely attributed to iatrogenic effects of
the laser.
One limitation of this study is that despite meeting

power number calculations for the treatment group, 16
control patients in the study would have been preferred.
Although the number of participants for the control group
did not meet the limit, the control group did not show any
significant difference in any of the testing and showed
stable trends. As both glaucoma and the effects of PRP on
RNFL and optic disk are often progressive, it would be
enticing to extend the follow-up period beyond 2 years to
increase the ability to discern small, yet progressive
changes. It would be interesting to determine if there are
any predictive factors that affect progress and its rate.
Studies5,36 have previously reported visual field

changes following PRP, but no study has looked at the
progressive nature over a 2-year time period. The
progressive improvement in ischemia following PRP is
also a novel finding. Studies have never correlated
changes in visual fields with optic nerve changes post
PRP. For that reason, the current study sought to obtain
comprehensive results, and conducted analyses of the
optic nerve with both structural and functional tests to see
if any early changes could be found in the optic nerve
post PRP.
In conclusion, this study found that pascal

photocoagulation did not cause significant changes to
macular or RNFL thickness over the 24-month time
period. The morphology of the optic nerve head appears
unchanged following laser treatment as observed on the
OCT and HRT diagnostic machines. Despite an
improvement in peripheral perfusion, there was a
significant progressive decline of peripheral visual field
over the study period. Clinical grading of the optic nerve
was more unreliable following PRP, despite the absence
of significant morphological changes as detected by the
OCT and HRT diagnostic machines. Additional research
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is needed to help guide clinicians in making a diagnosis of
normal-tension glaucoma in diabetic patients who have
received PRP.

Summary

What was known before
K Studies have previously reported visual field changes

following PRP.

What this study adds
K There is progressive long-term visual field loss over a

2-year time period.
K There is progressive improvement in ischemia

following PRP.
K Clinical grading of the optic nerve is more unreliable

following PRP.
K Correlated changes in visual fields with optic nerve

changes post PRP.
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