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Purpose: To report the outcomes in subjects undergoing pars plana vitrectomy (PPV) with
internal limiting membrane (ILM) peeling for the management of treatment-naive diabetic
macular edema (DME).

Methods: Ten treatment-naive subjects with non-proliferative diabetic retinopathy prospec-
tively underwent PPV with ILM peeling for the treatment of DME at a single university-
affiliated institution. The preoperative features, intraoperative details and postoperative
outcomes were collected and analyzed.

Results: All 10 subjects underwent PPV with ILM peeling without significant intraoperative
or postoperative complications at 6 months follow-up. Visual acuity improved from
a baseline of 0.74 (95% CI: 0.48-1.0) logMAR (Snellen 20/110) to 0.46 (95% CI: 0.3—
0.62) logMAR (Snellen 20/58) at 6 months follow-up (p=0.045). Optical coherence tomo-
graphy central macular thickness reduced from a baseline of 456 (95% CI: 394.7-516.4)
microns to 316.8 (95% CI: 275.9-357.7) microns at 6 months follow-up (p < 0.001).
Conclusion: This pilot study suggests that PPV with ILM peeling may be a viable treatment
option for the management of treatment naive DME in subjects with non-proliferative
diabetic retinopathy. Development of a randomized controlled trial may be justified to
validate the results of this study.

Clinicaltrials.gov Identifier #: NCT03660345.
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Introduction
Diabetic retinopathy is the number one cause of vision loss in working-age adults,
and macular edema is the most frequent cause of visual impairment in diabetic
patients.' Diabetic macular edema (DME) has been treated by a number of different
modalities including focal and grid laser,” intravitreal corticosteroids,’ intravitreal
anti-vascular endothelial growth factor (VEGF) medications,* and pars plana
vitrectomy (PPV) with or without internal limiting membrane peeling.>

PPV for the treatment of DME was first described in 1992 by Lewis et al,” and
since then has been studied by numerous investigators under a variety of different
clinical settings including the presence of an epiretinal membrane (ERM),® vitreo-
macular traction (VMT),” and diffuse DME.'® The postulated mechanisms by
which PPV may improve DME have included a reduction in macular tangential
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and anterior-posterior traction,'' improved oxygenation of
the vitreous cavity,'? and enhanced diffusion of vasogenic
growth factors.'> Other factors that may modulate the
response to PPV comprise the patient’s lens status and
the presence of macular ischemia.

PPV for DME has generally been considered only in
patients that responded poorly to other interventions such
as laser and/or intravitreal therapy.”® Typically, such
patients have chronic and diffuse DME with or without
concomitant VMT or an ERM. Several small prospective,
controlled trials have been performed to assess the merits
of PPV as a treatment option for such recalcitrant cases
with mostly disappointing functional outcomes despite
having structural improvements.®'* However, since PPV
was reserved as a last-ditch effort following a long ordeal
with what included multiple lasers and/or intravitreal
injections, it should not be surprising that visual out-
comes were poor under such circumstances. Presumably,
most of these patients already would have had irreversi-
ble damage to the retina with little or no potential for
visual acuity improvement no matter what the interven-
tion might have been. Currently, there are no reports in
the literature evaluating PPV as an initial treatment for
DME. In this pilot study, the authors prospectively per-
formed PPV with internal limiting membrane (ILM) peel-
ing on treatment-naive subjects with DME in order to
assess the potential role and merits of PPV with ILM
peeling as an initial treatment option for the management
of DME.

Methods
Design

This
a prospective, uncontrolled pilot study of treatment-naive

interventional case series was conducted as

patients with DME and non-proliferative diabetic retinopa-
thy undergoing PPV  with
September 2018 through October 2020 at a university-

allied teaching facility in Montemorelos, Nuevo Leon,

ILM peeling from

Mexico. The rules of the Declaration of Helsinki were
followed and the acknowledged standards in research invol-
ving humans were obeyed during the trial. The University of
Montemorelos Institutional Review Board (IRB0009239)
endorsed the patient consent forms and the trial’s established
protocol. Each study participant provided written informed
consent. The trial is registered at ClinicalTrials. gov
(NCTO03660345, last accessed May 15, 2021).

Participants

The retinal unit was referred treatment-naive subjects with
DME in order to determine each patient’s suitability for
the study. The criteria for inclusion and exclusion are
displayed in Table 1. One eye per participant was per-
mitted into the study. If both eyes were found to meet
criteria for enrollment, the eye with the lowest best-

corrected visual acuity (BCVA) was selected.

Table | Vitrectomy for Diabetic Macular Edema. Inclusion and

Exclusion Criteria

Inclusion

Exclusion

The subject had medically
treated type | or Il diabetes
mellitus

The study eye previously
received posterior segment
treatment (such as intravitreal
injections of any kind, retinal
lasers of any kind, or subtenons
injections) for any indication.

Age = |8 years

A cornea or lens opacity was

considered responsible for = 2
lines of reduced visual acuity in
the study eye (cataract, corneal

scar, ectasia, etc.)

Snellen best-corrected visual
acuity ranged from 20/32 to 20/
400 in the study eye

Optic nerve or retina disease
otherwise unrelated to diabetes
mellitus was considered
responsible for 2 2 lines of
reduced visual acuity in the study
eye (optic neuritis, macular
degeneration, glaucoma,

epiretinal membrane, etc.)

Treatment-naive non-
proliferative diabetic retinopathy
with diabetic macular edema was
present in the study eye and was
considered the primary reason
for the patient’s reduced visual

acuity

A non-ocular cause (ie
cerebrovascular accident) or
amblyopia was considered
responsible for 2 2 lines of
reduced visual acuity in the study

eye

On clinical exam, definite retinal
thickening due to diabetic
macular edema involving the
center of the macula was present
and the central macular thickness
on optical coherence was greater
than 300 microns in the study

eye

Proliferative diabetic retinopathy
of any kind (such as
neovascularization of the disc/
retinaliris, presence of any
degree of vitreous hemorrhage,
or tractional retinal detachment)

was in the study eye

The study eye has no history of
intraocular surgery within the
previous four months (such as

uncomplicated cataract surgery).

The study eye previously
underwent anterior or posterior

vitrectomy
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Assessments and Interventions

Enrolled participants underwent a baseline examination
within 28 days from PPV, which consisted of a medical
and ocular history, Snellen BCVA, an intraocular pressure
(IOP) measurement, and an evaluation of the anterior and
posterior segments. Phakic subjects underwent an intrao-
cular lens power calculation. Optical coherence tomogra-
phy (OCT) (Zeiss Cirrus HD-OCT) was performed on all
participants at baseline.

All phakic subjects underwent phacoemulsification
with intraocular lens implantation prior to PPV during
the same operating session. All participants underwent
small-gauge (23-gauge or 25-gauge) three port PPV
under retrobulbar anesthesia with the Constellation
Vision System (Alcon, TX, USA) and the Resight 500
(Carl Zeiss Meditec, Inc., Dublin, USA) by one surgeon
(RBR). Indocyanine green-assisted ILM peeling was per-
formed until at least one disc diameter of ILM was
removed from the center of the macula in all directions.
Vitreous substitution was at the judgment of the operating
surgeon. Subtenons 20 mg triamcinolone was administered
at the conclusion of each case. Topical moxifloxacin 0.5%
QID and prednisolone acetate 1% QID were prescribed for
1 and 3 weeks, respectively, following the operation.

Postoperatively participants underwent data collection
at three visits: 1) 15 + 5 days, 2) 40 + 10 days, and 3) 185
+ 15 days following surgery. Participants were examined
at non-study evaluations at the discretion of the managing
specialist. Central macular thickness (CMT) on OCT was
conducted at 6 months on all subjects. The occurrence of
any postoperative complication attributable to surgery
such as vitreous hemorrhage, retinal detachment, high
IOP, etc. was recorded. Treatment of DME with anti-
VEGF therapy, laser or any other therapy was not permis-
sible during the 6-month postoperative study period.

Outcome Measures

The primary outcome was change in BCVA during the
6-month (185+15 days) study period. The secondary out-
come was change in CMT on OCT during the 6-month
study period.

Data Analysis

It was pre-determined that a sample of 10 treatment-naive
subjects undergoing PPV with ILM peeling for the indica-
tion of DME would be analyzed in order to determine if
a larger, controlled trial would be warranted in the future.

BCVA is displayed in logMAR with Snellen equals
recorded parenthetically. Comparative analysis employing
one-way analysis of the variance was utilized to create
numerical outcomes. The JMP 11 statistical program
(SAS Institute, USA) conducted the data analysis.
A p-value less than 0.05 was considered significant.

Results

Ten participants were enrolled into the pilot study. All 10
enrolled participants underwent PPV and completed 6
month follow-up.

Baseline and Intraoperative Details

Displayed in Table 2 are the baseline and intraoperative
details of the study population. There were no notable
intraoperative complications occurring during surgery for

any of the subjects.

Table 2 Vitrectomy for Diabetic Macular Edema. Baseline

Features and Intraoperative Details. Means with (95%

Confidence Intervals)

Baseline Features and Demographic
Characteristics

Study Group
(N=10)

Age (years)

60.1 (56.5-63.7)

Gender

Male = 40%
Female=60%

Type of Diabetes

Type 1= 0%
Type 2 = 100%

Subjective length of time for vision loss 5.6 (3.3-7.9)
(months)

Use of one or more Anticoagulant or Yes = 30%
Antiplatelet Agent for Systemic Disease No = 70%
Best-corrected Visual Acuity (logMAR) 0.74 (0.48-1.0)

Status of Lens

Phakic = 80%
Pseudophakic = 20%

Grade of Non-proliferative diabetic

retinopathy

Moderate =40%
Severe = 60%

Optical Coherence Tomography Central
Macular Thickness (microns)

456 (394.7-516.4)

Vitreous Substitution Fluid =60%
Air =40%

Intraoperative Complications Yes= 0
No= 10

Surgery Time (minutes)

24.7 (21.4-28.0)
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Main Outcome

BCVA improved from a baseline of 0.74 (95% CI: 0.48—
1.0) logMAR (Snellen 20/110) to 0.46 (95% CI: 0.3-0.62)
logMAR (Snellen 20/58) at 6 months follow-up (p=0.045).
There were no subjects who lost >1 line(s) of BCVA at 6
months follow-up. There were 5 of 10 subjects (50%) who
gained >3 lines of BCVA at 6 months follow-up.

Secondary Outcomes

Displayed in Table 3 are the postoperative outcomes of the
study population at 6 months follow-up. Optical coherence
tomography central macular thickness reduced from
a baseline of 456 (95% CI: 394.7-516.4) microns to
316.8 (95% CI: 275.9-357.7) microns at 6 months follow-
up (p < 0.001). There were no notable postoperative com-
plications occurring during surgery for any of the subjects.
There were no unexpected returns to the operating room
during the 6-month trial period. There were no occur-
rences of endophthalmitis or suprachoroidal/vitreous
hemorrhaging during the study interval. The two subjects
who developed increased IOP during the postoperative
period were successfully managed with topical IOP-
lowering medications. A case example has been presented
in Figure 1.

Discussion

There exists a great need for longer lasting and cheaper
therapies in the management of DME, especially in the
developing world where it is cost prohibitive and unrea-
listic from a transportation and workforce standpoint to
repetitively administer expensive treatments such as anti-
VEGF medications to the afflicted patient population. As
discussed above in the Introduction, there has been interest
in PPV as a possible modality for DME treatment because

Table 3 Vitrectomy for Diabetic Macular Edema. Postoperative
Outcomes. Means with (95% Confidence Intervals)

Postoperative Details Study Group

(N=10)
Postoperative Complication occurring during the | Yes =0
trial No = 10

Best-corrected Visual Acuity at 6 months
(logMAR)

0.46 (0.3-0.62)

Intraocular Pressure > 30 mm Hg during the Yes = 20%
postoperative period No = 80%
Optical Coherence Tomography central macular | 316.8 (275.9-
thickness at 6 months (microns) 357.7)

Figure | A 68-year female with severe non-proliferative diabetic retinopathy
presented with treatment-naive diabetic macular edema with subjective vision loss
for 9 months. (A) The preoperative (baseline) optical coherence tomography image
displays substantial diabetic macular edema with a central macular thickness of 521
microns. The patient’s Snellen visual acuity was 20/125. (B) The 6-month post-
operative optical coherence tomography image demonstrates resolution of the
diabetic macular edema with a central macular thickness reduction to 245 microns
following vitrectomy with internal limiting membrane peeling. The Snellen visual
acuity improved to 20/50.

of its potential to reduce cost (relative to continuous anti-
VEGF therapy) and require fewer future follow-ups and
additional treatments.” '® Unfortunately, the current litera-
ture lacks any robust data on the subject at hand as patients
with DME have not been considered for PPV until all
other interventions were exhausted and the patient no
longer had good visual potential, having sustained irrever-
sible damage to the retina from the chronic, unresolved
DME.>*'* The authors have had the idea that perhaps
offering PPV as an initial treatment option for the manage-
ment of DME (not as a last-ditch effort) may provide
a cost-effective alternative to repetitive and incessant anti-
VEGF therapy, which has been the standard of care in this
patient population for the past 15 years. Prior to under-
taking a larger trial with an anti-VEGF control group, the
authors tested in this study the feasibility of PPV with ILM
peeling as an initial treatment modality in a small sample
of patients with treatment naive DME.

The results of this pilot study demonstrate anatomic
and functional benefits to the overall study population, and
PPV with ILM peeling was safe and well tolerated by the
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study population. Although our study reports outcomes of
just 10 patients, there were no intraoperative or postopera-
tive complications occurring and no unexpected returns to
the operating room during the 6-month trial period. The
improvements in both visual acuity and CMT on OCT
compared favorably to the 6-month data reported in the
landmark anti-VEGF trials'>"'” in patients with treatment
naive DME. However, the authors advise caution against
such comparisons given that our patient population was
principally indigent from a developing nation, whilst the
landmark anti-VEGF trials'>™'” involved patients from
developed nations with good access to care. Although no
subjects lost any lines of visual acuity and half of the
subjects gained >3 lines of visual acuity at 6 months
follow-up, presumably the visual acuity outcomes might
have been even better if our trial permitted subjects to
undergo further DME treatment (such as anti-VEGF ther-
apy) during the trial period under certain prespecified
conditions. The authors recognize that PPV with ILM
peeling is quite unlikely to be a one-time treatment for
DME over the course of a patient’s lifetime and prespeci-
fied retreatment protocols will need to be established prior
to conducting a randomized controlled trial with follow-up
>1 year. The authors would be interested to know how
many fewer anti-VEGF treatments patients might need
after undergoing PPV with ILM peeling compared to
a control group receiving initial anti-VEGF therapy during
a time period such as 2 years.

Weaknesses of our study include the small number of
patients involved, its relatively short postoperative fol-
low-up interval (6 months), and its lack of a control
group receiving anti-VEGF therapy. However, given
that this study was set up to be a pilot study, these
weaknesses were expected. Strengths of our study
include its prospective design and its 100% patient com-
pletion rate to 6 months follow-up once enrolled. The
authors are encouraged by our study’s results and believe
this pilot study demonstrates that PPV with ILM peeling
may be a potentially safe, effective, and viable alternative
to repetitive anti-VEGF therapy for the treatment of
DME as an initial treatment and intend to move forward
with
Ultimately, well-designed randomized controlled trials

conducting a randomized controlled trial.

in this patient population will be needed to establish
PPV with ILM peeling as a feasible and cost-effective
anti-VEGF

alternative to treatment

naive DME.

therapy for
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OCT, optical coherence tomography; PPV, pars plana
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vascular endothelial growth factor.
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