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Purpose: To examine the effect of low-intensity/high-density subthreshold diode micropulse
laser (SDM) on visual acuity (VA) and macular thickness in eyes with limited visual
recovery and persistent macular thickening after epiretinal membrane peeling.

Methods: A retrospective review of medical records identified all patients undergoing SDM
after membrane peeling in a clinical vitreoretinal subspecialty practice. Exclusion criteria
included other obfuscating ocular disease or loss to follow-up after SDM treatment.
Results: All 19 eyes of 18 patients identified were included for study. After membrane
peeling, VA improved from an avg. Snellen 20/240 [logMAR 1.08] to 20/72 [0.56]
(p=0.0004). Attributed to persistent macular thickening following membrane peeling, overall
VAs then gradually declined to an avg. of 20/91 [0.66] by 4—109 months (avg. 41) post
vitrectomy, at which point panmacular SDM was performed. An avg. 15 months post SDM,
both VA (to avg. 20/68 [0.53]) and maximum macular thickness improved (p=0.007 and
p=0.008, respectively). There were no adverse treatment effects.

Conclusion: Low-intensity/high-density subthreshold (sublethal) diode micropulse laser
(SDM) may reduce macular thickening and improve visual in eyes with persistent macular
thickening after membrane peeling even years after vitrectomy.

Keywords: laser, micropulse, subthreshold, epiretinal membrane, macular thickening,
macular edema, reset, heat-shock proteins

Introduction

Visual loss due to epiretinal membrane (ERM) is one of the most common indica-
tions for vitreoretinal surgery. The visual results of vitrectomy with membrane
peeling (MP) are generally good. Most visual acuity improvements occur in the
first few months after surgery but can continue for a year or more.'*

The most important determinant of postoperative visual acuity (VA) is preo-
perative VA. The better the preoperative VA, the better the postoperative VA.'™
Despite improvement, however, VA may remain limited after membrane peeling.
Once surgical recovery has run its course, no reliable method of eliciting further
visual improvement post membrane peeling has been described.'™

ERMs often cause thickening of the underlying macula. While this generally
improves after surgery, ERM-induced macular thickening may persist and limit visual
recovery. Unlike inflammatory or retinovascular cystoid macular edema, the primarily
tractionally induced macular thickening associated with ERMs, both before and after
membrane peeling, often demonstrates little or no angiographic leakage and may be
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refractory to conventional medical treatment for macular

edema, such as local and topical anti-inflammatory

therapy.'™
subthreshold  (sublethal)
diode micropulse laser (SDM) has been shown to be clini-

Low-intensity/high-density

cally effective for all conventional retinal laser applications
(other than cautery) without adverse treatment effects;
improve retinal and visual function in dry age-related macu-
lar degeneration (AMD), inherited retinal degenerations
(IRD), and open-angle glaucoma (OAG); and reduce the
incidence of neovascular conversion in high-risk dry
AMD.*?* The current study examines the effect of panma-
cular SDM on persistent macular thickening and limited
visual recovery following vitrectomy for ERM.

Methods

This study adhered to the tenets of the Declaration of
Helsinki
Investigational Review Board. The records of all patients

and was approved by the Western
undergoing SDM in a retinal subspecialty practice were
reviewed. Inclusion criteria were eyes having undergone
pars plana vitrectomy with membrane peeling for visually
significant ERMs and subsequently treated by panmacular
SDM. With regard to the technique of membrane peeling,
no vital dyes were employed and there was no intent to
separately peel internal limiting membrane. Exclusionary
criteria included other obfuscating ocular disease; other
underlying causes of macular edema such as diabetes
mellitus, retinal vascular occlusion, or uveitis; visually
significant cataract or posterior capsule opacity; cataract
surgery or posterior capsulotomy after SDM treatment;
and loss to follow-up after SDM. No eye received medical
therapy other than topical medications in the immediate
post-vitrectomy recovery period. All retinal images,
including Spectral-domain optical coherence tomography,
were obtained with a Heidelberg Spectralis™ system
(Heidelberg Engineering, Heidelberg, Germany).

Clinical data were recorded at the following times: (1)
Last date prior to membrane peeling; (2) date of maximum
visual improvement post membrane peeling; (3) date of
panmacular SDM treatment; (4) date of final examination.
For the purpose of statistical analysis, Snellen visual acui-
ties were converted to logMAR. SD-OCT parameters
recorded were the Central Foveal Thickness (measured,
in microns, at the foveal center) and Maximum Macular
Thickness (measured, in microns, at the point of maximum

retinal thickness within 2mm of the foveal center).

SDM Treatment
The patients reported in this study were offered SDM in
the absence of other generally effective treatments; and the
demonstrated facility of SDM to improve macular function
and visual acuity in a number of disparate clinical settings
including diabetic macular edema, macular edema due to
retinal vein occlusions, central serous chorioretinopathy,
age-related macular degeneration, inherited retinopathies,
and open-angle glaucoma; all in the absence of adverse
treatment effects.® >

Following informed consent and pupillary dilation,
a topical anesthetic was applied to the cornea, followed
by application of a Mainster Macular corneal contact lens
(magnification factor 1.05%, Ocular Instruments, Mentor,
Ohio). Under biomicroscopic visualization, 800-1200
high-density/low-intensity subthreshold 810 nm diode
laser applications, 200-um spot size, 1.45-watt power,
5% duty cycle, and 0.15-second duration, were placed in
confluent fashion throughout the posterior retina encom-
passed by the major vascular arcades (panmacular treat-
ment). Thus, SDM treatment was uniform and identical in
all eyes in all respects.’

Table | Eye-Level Characteristics, N (%) or Mean (SD)

Total Number of Patients 18

Sex

Male 9 (50.0)
Female 9 (50.0)
Race

Caucasian 13 (72.2)
Hispanic 2 (I1.1)
Asian 2(1.1)
Missing 1 (5.6)
Total Number of Eyes 19

Eye

oD 10 (52.6)
oS 9 (47.4)
Pre-SDM VA, LogMAR 0.6 (0.3)
Pre-SDM CMT 364.6 (155.7)
Pre-SDM MMT 482.3 (88.4)
Pre-PPV VA, LogMAR (Niss=1) 0.7 (0.3)
Post-SDM VA, LogMAR 0.4 (0.3)
Post-SDM CFT 3425 (112.7)
Post-SDM MMT 448.3 (74.0)
Post-PPV VA, LogMAR (Niss=1) 0.4 (0.3)

Abbreviations: N, number; SD, standard deviation; VA, visual acuity converted
from Snellen; PPV, pars plana vitrectomy; CFT, central foveal thickness; MMT,
maximum macular thickness; OD, right eye; OS, left eye.
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Table 2 Summary of Calculated Difference (Post-Treatment Minus Pre-Treatment)
Variable Mean (SD) Median (IQR) p-value
Pre/Post SDM VA, LogMAR —0.18 (0.26) —0.15 (-0.30, 0.00) 0.007
Pre/Post SDM CFT —22.05 (76.39) 2 (-80, 12) 0.22
Pre/Post SDM MMT —34.00 (50.01) —14 (=53, —6) 0.008
Pre-Post PPV VA, LogMAR —0.29 (0.28) —0.30 (—0.40, 0.00) 0.0004

Notes: Each row shows the difference (post-treatment minus pre-treatment) in pre/post SDM visual acuity, CFT, MMT, and pre/post PPV visual acuity. In order to test
whether the mean difference is different from zero, paired t-tests were performed. A significant p-value indicates that the mean difference is significantly different from zero.
Both visual acuity measures are significantly different pre-treatment versus post-treatment, with visual acuity measures decreasing (improving) after both PPV and SDM. Also,
MMT is significantly different pre-treatment versus post-treatment. Since there are 19 eyes in the dataset from 18 patients, methods accounting for inter-eye correlation
were not employed. As a sensitivity analysis, t-tests with |18 eyes from the |8 patients were performed, but the results did not change appreciably.

Abbreviations: OD, right eye; OS, left eye; SDM, high-density/low-intensity subthreshold diode micropulse laser; VA, visual acuity; CFT, central foveal thickness by spectral
domain optical coherence tomography in microns; MMT, maximum macular thickness by spectral domain optical coherence tomography in microns; PPV, pars plana

vitrectomy.

Statistical Analysis

The mean and median differences for the covariates of interest
were determined and the difference (post-treatment minus pre-
treatment) in pre/post SDM visual acuity, CFT, MMT, and pre/
post PPV visual acuity calculated (Table 1). In order to test
whether the mean difference was different from zero, paired
t-tests were performed. A significant p-value indicated that the
mean difference is significantly different from zero. Since
there are 19 eyes in the dataset from 18 patients, methods
accounting for inter-eye correlation were not employed. As
a sensitivity analysis, t-tests with 18 eyes from the 18 patients
were also performed (Table 2). The coefficients and p-values
from six univariate linear models, predicting the difference
(post-treatment minus pre-treatment) using pre-treatment
values as the covariate, were also analyzed (Table 3).

Results

All patients identified as having undergone SDM follow-
ing membrane peeling were eligible and included for
study. This included 19 eyes of 18 patients, 9 male and 9

Table 3 Univariate Linear Models, Predicting Difference (Post-
Teatment Minus Pre-Treatment) with Pre-Treatment Value as

Covariate
Covariate Coefficient (SD) p-value
Pre/Post SDM VA, LogMAR —0.25 (0.23) 0.30
Pre/Post SDM CFT —0.36 (0.08) 0.0004
Pre/Post SDM MMT -0.31 (0.11) 0.02
Pre-Post PPV VA, LogMAR —0.41 (0.19) 0.048

Notes: A significant association exists in the last three models, and in the negative
direction. This indicates that as the pre-treatment value increases, the difference
decreases, on average. A sensitivity analysis considering |8 eyes was performed to
assess possible inter-eye correlation, and the results were not significantly different.
Abbreviations: OD, right eye; OS, left eye; SDM, high-density/low-intensity subthres-
hold diode micropulse laser; VA, visual acuity; CFT, central foveal thickness by spectral
domain optical coherence tomography in microns; MMT, maximum macular thickness by
spectral domain optical coherence tomography in microns; PPV, pars plana vitrectomy.

female, aged 58-92 years (avg. 75). All eyes were pseu-
dophakic at the time of SDM treatment. None had visually
significant posterior capsule opacities requiring posterior
capsulotomy after SDM treatment.

Vitrectomy with membrane peeling for ERM had
improved Snellen VAs from an avg. Snellen VA of 20/
240 [logMAR 1.08] prior to surgery, to an avg. of 20/72
[0.56] (p=0.0004). (Table 1)

SDM was performed 4-109 months after membrane
peeling (avg. 41 months). VAs at the time of SDM ranged
20/30 [0.18] - 20/200 [1.0]; avg. 20/91 [0.66].

Post-SDM follow-up ranged 1-42 months (avg. 15.2
months). After SDM, VA was significantly improved
(range 20/20 [0] — 20/200 [1.00], avg. 20/68 [0.53];
p=0.007) (Table 1, Figures 1 and 2).

Central foveal thickness (CFT) by OCT at the time of
SDM ranged 112 — 655um (avg. 365). After SDM, CFTs
were unchanged (range 142-566um, avg. 343) (p=0.22)
(Table 1, Figures 3 and 4). Prior to SDM, one eye with
a recurrent ERM prior to SDM had developed a lamellar
macular hole and subnormal CFT of 112um. This lamellar
defect resolved with restoration of a normal foveal umbo
following SDM.

Maximum macular thickness (MMT) by OCT at the
time of SDM ranged 323 — 701um (avg. 482). After SDM,
MMT improved (range 318-601, avg. 448) (p=0.008)
(Table 1, Figures 5-10).

Linear regression analysis revealed significant negative
correlations for CFT (p=0.0004) and MMT (p=0.02) after
SDM. This association was not significant for logMAR VA
(p=0.30) (Table 2).

Discussion
Vitrectomy with membrane peeling is a highly effective
intervention for visual loss due to epiretinal membranes.'*
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Figure 2 Scatter graph of post-treatment minus pre-treatment logMAR visual acuities after SDM for persistent macular thickening after membrane peeling.
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Figure 3 Scatter graph of central foveal thickness by OCT, in micrometers, before and after SDM for persistent macular thickening after membrane peeling.
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Figure 4 Scatter graph of post-treatment minus pre-treatment central foveal thickness by OCT, in micrometers, following SDM for persistent macular thickening after

membrane peeling.
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Figure 5 Scatter graph of maximum macular thickness by OCT, in micrometers, before and after SDM for persistent macular thickening after membrane peeling.
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Figure 6 Scatter graph of post-treatment minus pre-treatment maximum macular thickness by OCT, in micrometers, following SDM for persistent macular thickening after

membrane peeling.
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In this study, VA was significantly improved by membrane
peeling (p=0.0004). However, despite such improvements,
post membrane peeling VA may not improve as much as
the patient, or surgeon, would like.

ERMs are often associated with macular thickening result-
ing from tangential epiretinal traction.' > This ERM-induced
macular thickening may be either solid-appearing or cystic,
and may demonstrate little to no leakage on intravenous
fundus fluorescein angiography' (Figures 7C and 9C). After
membrane peeling, macular thickening generally improves,
but may not resolve entirely and may limit visual recovery.
Medical therapy is generally ineffective in this setting,

B

possibly due to the frequent absence of angiographic leakage
that might be amenable to treatment.® > Long-term persistence
of abnormal macular thickening or edema may promote
further degeneration of macular function over time.' This
is evident in the current study, where the maximum post-
membrane peeling VAs deteriorated over time until SDM
treatment.

It is notable, that following SDM, VAs improved with-
out significant change in CFTs. The ability of SDM to
significantly improve VA absent change in macular mor-
phology is characteristic and well documented; first in the
treatment of DME, but also following SDM treatment for

Figure 7 (A) Fundus photograph of the right eye with epiretinal membrane prior to membrane peeling. Visual acuity = 20/400. (B) OCT of the same right eye with epiretinal
membrane and marked macular thickening prior to membrane peeling. (C) Late-phase intravenous fundus fluorescein angiogram of the same eye prior to membrane peeling.
Note the paucity of angiographic leakage within the macula. (D) OCT of the same eye 18 months following membrane peeling, at the time of SDM treatment. Visual acuity =
20/80. (E) OCT of the same eye 6 months after SDM. Visual acuity = 20/30.
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Figure 8 (A) Fundus photograph of left eye operated elsewhere for epiretinal membrane 2 years previously. Visual acuity = 20/100. (B) OCT of the same eye on the same
date. Note marked macular thickening. (C) Intravenous fundus fluorescein angiogram of the same eye prior to SDM treatment demonstrating angiographic leakage within the
macula. SDM was performed at this time. (D) OCT 4 months after SDM. Note the reduction in macular thickening. Visual acuity = 20/80.

dry AMD, IRDs, and OAG. This uncoupling of function
and morphology is indicative of the improvements in
retinal physiology elicited by SDM.'~7+10712:30-32

It is also interesting to note that while the CFT did not
improve significantly following SDM, the MMT did. The
reason(s) for this is unclear. Most likely, this reflects the
fact that the avg. CFT prior to SDM treatment was less
than the avg. MMT (365 vs 482pum) leaving less room for
CFT improvement; a relative ceiling effect. Another pos-
sibility is the fact that the CFT could only be taken at
a single point — the foveal center, while the MMT might be
anywhere — including coincident with the CFT — within
the central 2mm radius from the foveal center. This would
increase the likelihood of capturing change (generally
improvement) with the MMT measure.

The key effect of SDM is sublethal (“low-intensity”) acti-
vation of RPE heat shock proteins. The HSP response,
designed to preserve the cell in the face of existential threats,
acts as a physiologic “reset”, normalizing cell function.
This cellular response is then amplified by “high-density”
treatment of large areas of dysfunctional RPE designed to
create an en-masse effect to maximize clinical effectiveness.

By normalizing retinal function, SDM normalizes RPE

cytokine/chemokine expression and response, and retinal auto-
regulation. SDM is anti-apoptotic and anti-oxidizing, increases
tissue nitrous oxide, improves mitochondrial function; and is
neuroprotective, improving Mueller cell, ganglion cell and

optic nerve function.®>"'

SDM activates reparative acute
inflammation absent tissue damage and decreases markers of
chronic inflammation, stimulating reparative local and sys-

immunomodulation and stem cell activation.?”®

temic
Clinically, these SDM-elicited improvements in retinal phy-
siologic and immune function have been documented by
improved VA, contrast VA, microperimetry, mesopic visual
function, pattern electroretinography, visually evoked poten-
tials, and aqueous proteomics. '*'*?!3! As an enzymatic
threshold phenomenon, SDM is a form of bioactivation and,
via RPE HSP activation, a non-specific trigger of disease-
specific repair.'> 2 This is because activated HSP-mediated
intracellular protein repair is agnostic to the cause of protein
misfolding and cellular dysfunction.'>'®!%?22526 The reset
effect of SDM accounts for all observed clinical retinal laser
effects for conventional retinal laser indications regardless of
laser type and has successfully predicted novel new laser
applications, including the one reported here ®%'#3031-33
Having only therapeutic effects clinically, in vivo, or in vitro,
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Figure 9 (A) Fundus photograph of the left eye with epiretinal membrane. Visual acuity = 20/400. (B) OCT of the same eye on the same date. Note marked macular
thickening. (C) Late-phase intravenous fundus fluorescein angiogram of the same date. Note the paucity of angiographic leakage in the macula. (D) OCT of the same eye 13
months after membrane peeling. Note persistent macular thickening. Visual acuity = 20/200. SDM performed. (E) OCT | | months after SDM. Note the reduction in macular

thickening. Visual acuity = 20/30.

the restorative effects of panmacular SDM are sufficient to
account for improvements in the eyes reported here, such as the
improvements in VA absent changes in CFT,'20-%23-26-30
Although the long-term follow-up post-SDM treatment
is not the subject of the current report, it can be noted that,
in some cases, the initial improvements in VA elicited by
SDM required occasional retreatment to maintain. This
highlights the utility of the unique safety of SDM, which
allows retreatment whenever desired, and the mechanism
of action, which makes treatment effects renewable with-
out limiting factors common to drug therapy, such as
tolerance or other adverse treatment effects.'%!*3°
Might the improvements in macular thickness and VA

reported here be simply coincidental, or reflect the natural

history of progressive long-term post-membrane peeling visual
improvements? Two observations suggest this is not the case;
and that the reported improvements are indeed the result of
panmacular SDM treatment. First, the average time of SDM
treatment was almost 4 years after membrane peeling, long
after any spontaneous post-membrane peeling improvements
would be expected to occur. 173 Second, these eyes, on average,
did not show progressive VA improvement after membrane
peeling. Instead, there was a period of initial improvement
following membrane peeling, followed by a gradual secondary
decline. This secondary VA decline appeared to be due to the
degenerative influence of the persistent post-membrane peel-
ing macular thickening. Instead of progressive improvement
prior to SDM, the avg. VAs progressed from a maximum
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Figure 10 (A) OCT of a right eye with an epiretinal membrane. Visual acuity = 20/100. (B) OCT of the same eye 7 years after membrane peeling with recurrent epiretinal
membrane and lamellar foveal hole. VA = 20/70. SDM performed. (C) OCT of the same eye 2 months after SDM. Note normalization foveal architecture after SDM alone.

Visual acuity = 20/50.

average VA of 20/72 after membrane peeling (and prior to
SDM); to an average of 20/91 by the time of SDM treatment an
average of 41 months later. Thus, it was not progressive post-
operative visual improvement that improved further following
SDM; it was progressive visual decline that was reversed by
SDM, from an avg. VA of 20/91 at the time of SDM to an avg.
VA of 20/68 after SDM.

This study suffers from the limitations inherent to small
retrospective case reviews, including a small number of
patients administered a novel treatment in a single-center,

variable follow-up and intervention times, and the absence of
controls. However, the treatment indication was identical in all
eyes. Eyes with limited visual acuity and persistent macular
thickening after membrane peeling improved following pan-
macular SDM, an avg. 41 months following vitrectomy. There
were no adverse treatment effects, consistent with all prior
studies of SDM for other treatment indications. There are no
reliably effective treatments for limited visual recovery and
persistent macular thickening following membrane peeling.
This is an unmet need. The findings of the current study
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suggest that panmacular SDM may be helpful in this clinically
common setting.lf3 Further prospective study is warranted.

Informed Consent

All patients included in this report provided informed con-
sent prior to any and all procedures performed. As this report
consists of patient unidentified data, no consent was required
or obtained for data collection or reporting.

Ethics and Consent Statement

This study adhered to the tenets of the Declaration of Helsinki
and was approved by the Western Investigational Review
Board. The collection and evaluation of all protected patient
health information were done in accordance with the Health
Insurance Portability and Accountability Act (HIPPAA).
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