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Purpose: The purpose of this study was to evaluate intravitreal methotrexate infusion (IMI)
during pars plana vitrectomy (PPV) for retinal detachment in patients with high risk for the
development of proliferative vitreoretinopathy (PVR).

Methods: Patients presenting with severe recurrent PVR with tractional retinal detachment
and/or a history of severe ocular inflammation were treated with IMI. Clinical outcomes were
determined from a retrospective medical chart review.

Results: Twenty-nine eyes presenting with either tractional retinal detachment and recurrent
PVR (n=22) or a history of severe inflammation associated with high PVR risk (n=7) received
IMI during PPV. Best-corrected visual acuity at 6 months was =20/200 in 19 of 29 eyes (66%)
and remained stable or improved compared with initial presentation in 24 of 29 eyes (83%).
At the last follow-up examination, the retinas of 26 of 29 eyes (90%) remained attached after
IMI while three eyes required another reattachment procedure. Three additional eyes (10%)
developed recurrent limited PVR without recurrent RD and were observed. No complications
attributable to IMI occurred during a mean follow-up of 27 months.

Conclusion: Eyes at high risk for PVR development due to a history of prior PVR or intraocular
inflammation had a low incidence of PVR following IMI at the time of PPV for RD repair. No
significant safety issues from IMI were observed in this series.

Keywords: tractional retinal detachment, recurrent retinal detachment, pars plana vitrectomy

Introduction

Proliferative vitreoretinopathy (PVR) is defined by the presence of peri-retinal
fibrocellular membranes the contraction of which can lead to rhegmatogenous retinal
detachment (RRD). PVR affects 5%—10% of retinal detachment (RD) patients and
is present in 75% of failed RD repairs. PVR seems to be caused by the migration of
retinal pigment epithelial (RPE) cells from their normal location to the peri-retina
following a break in the retina or breakdown in the blood-retinal barrier. These
mislocated RPE cells proliferate and undergo epithelial to mesenchymal transition
(EMT) into contractile myofibroblasts that produce the extracellular matrix of the
fibrocellular membrane.! The EMT of RPE cells occur coincidently with the activa-
tion of glia, immune cells, and astrocytes, which proliferate and migrate on both the
sides of the detached retina, increasing the complexity of the cellular organization of
the fibrocellular membranes.?

Anti-inflammatory drugs such as corticosteroids have been used as adjuvants to
retinal reattachment surgery to prevent PVR since preexisting ocular inflammation
is a known PVR risk factor, and inflammatory cells are found associated with peri-
retinal membranes.> However, the efficacy of anti-inflammatory treatment in improv-
ing retinal reattachment rates, vitreous cell reaction, and PVR are mixed.* Similarly,
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antimetabolites such as 5-fluorouracil have been tested as
PVR therapies to prevent the cell proliferation seen in PVR,
but no consistent efficacy has been demonstrated.**

Methotrexate (MTX) is a commonly used antineoplastic
agent since it is a potent competitive inhibitor of enzymes
requiring folate as a cofactor, including those critical for the
nucleotide biosynthesis necessary for the DNA synthesis
required for cell proliferation.® Notably, lower concentrations
of MTX are effective treatments for chronic inflammatory
conditions such as rheumatoid arthritis and psoriasis, likely
due to the ability of its metabolite, MTX polyglutamate,
to inhibit the enzyme aminoimidazole carboxamide ribo-
nucleotide transformylase, resulting in elevated extracellular
concentrations of adenosine, a potent anti-inflammatory
agent.” MTX has also been commonly used to treat fibrotic
conditions such as keloid, where in addition to its ability
to inhibit cell proliferation and inflammation, it may have
a direct anti-fibrotic effect as treated fibroblasts make less
type I collagen than controls.® Thus, MTX has the potential
to block many aspects of PVR simultaneously including
aberrant cell proliferation, inflammation, and fibrosis.

In ophthalmology, intraocular MTX has been used to treat
numerous inflammatory conditions such as juvenile idiopathic
arthritis-associated uveitis, sarcoidosis-related panuveitis,
mucous membrane pemphigoid, rheumatoid-associated
scleritis and episcleritis, sympathetic ophthalmia, corticos-
teroid-resistant uveitis® while higher doses are used to treat
primary intraocular lymphoma.'® Overall, intraocular MTX
therapy has an excellent safety record both in animal models
and in clinical practice,!? although corneal epitheliopathy
and maculopathy have been reported in patients receiving
multiple intraocular MTX injections for lymphoma.'®

A recent report included 250 g of MTX in the silicon oil
tamponade instilled at the end of retinal reattachment surgery
in advanced diabetic retinopathy patients without significant
adverse effects; however, clinical efficacy in preventing
recurrent RD in diabetic retinopathy was not observed.'

In the present study, intravitreal MTX infusion (IMI) is
used during pars plana vitrectomy (PPV) in patients at high
risk of PVR development and its effects on recurrent RD and
final visual outcomes are assessed.

Materials and methods

This is a consecutive case series pilot study. Our cohort
consisted of consecutive patients who presented with RD
between 2008 and 2014 and received IMI during surgical
repair of RD with PPV. Preoperative history, surgical details,
and postoperative course were retrieved from electronic

medical records. PVR was graded following the standard
retina society classification, 1983.

The Cincinnati Eye Institute Institutional Review Board
approval for a retrospective chart review was obtained. All
patients signed an informed consent for surgery with off-label
use of MTX after a detailed discussion of risks, benefits,
alternatives, and unknowns of this intervention. All patient
data were collected in strict compliance with the Declaration
of Helsinki and the United States Health Insurance Portability
and Accountability Act.

Study population
Patients were evaluated and treated by two surgeons, CDR
and RAS, at the Cincinnati Eye Institute (CEI). Patients
selected for IMI exhibited severe ocular pathology in which
recurrent PVR was already present or they were at very high
risk for PVR due to their clinical profile. These patients
were often referred to CEI for tertiary care after having
multiple failed previous surgeries at other institutions.
Patients were considered to have PVR if they had stage C
PVR (Retina Society Classification, 1983) present in one
or more quadrants. Isolated epiretinal membranes were not
considered as PVR.

The indications for IMI are outlined in Table 1. All sub-
jects who received IMI during PPV performed by CDR and
RAS during the inclusion period are included in this series.

Surgical technique

Forty milligrams of MTX was added to each 500 mL bal-
anced saline solution infusion bottle used during surgery. This
infusion-based dosing approach was selected to assure similar
dosing across all patients irrespective of the volume of infu-
sion fluid used during the surgical procedure. This dosing is
thought to yield intraocular MTX levels similar to that used in

Table | Indications for PPV and IMI

Recurrent tractional retinal detachment with proliferative
vitreoretinopathy (n=22)

History of multiple failed retinal detachment repairs (n=16)
Perforating globe injuries (n=3)

History of proliferative diabetic retinopathy and TRD repair (n=2)
Retro-keratoprosthetic membrane and anterior TRD (n=1)
Primary vitrectomy surgery with a history of inflammatory
complications (n=7)

Primary RRD repair with a history of contralateral PVR (n=3)
Primary RRD with concurrent severe inflammatory disease (n=2)

Severe ERM with tractional changes and inflammatory disease (n=2)

Abbreviations: ERM, epiretinal membrane; IM|, intravitreal methotrexate infusion;
PPV, pars plana vitrectomy; RRD, rhegmatogenous retinal detachment; TRD, tracti-
onal retinal detachment.
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intraocular lymphoma treatment (400 g intravitreal injection
of MTX into an ~5 mL volume of a human eye).”!

All surgeries were performed with the Constellation
Vitrectomy System (Alcon, Ft Worth, TX, USA). A 25-,
23-, or 20-gauge surgery was performed according to the
surgeon’s preferences. Scleral depressed and bimanual
vitrectomy were performed to visualize the anterior retina
and vitreous base. Ocular endoscopy was employed for
visualization through media opacity or to visualize anterior
structures as needed. Membrane peeling of PVR and endo-
laser were performed in all eyes. Scleral buckling, relaxing
retinectomy, perfluoron injection, silicone oil tamponade, and
gas tamponade with SF6 or C3F8 were performed according
to the intraocular situation and surgeon preference.

Main outcome measures and

statistical analysis

Preoperative and 6-month postoperative visual acuities, retinal
attachment status, and the presence of new PVR with or with-
out recurrent RD were the main outcome measures. Snellen
visual acuities were converted to logarithm of the minimum
angle of resolution (logMAR) for analysis. Counting fingers
(CF), hand motion (HM), and light perception (LP) vision were
considered 20/2,000, 20/20,000, and 20/200,000, respectively.
Student’s r-test was used for comparison using Microsoft Excel
2011. A P-value of <0.05 was considered significant.

Results

Demographics

Table 2 summarizes the clinical data. Twenty-nine eyes
of 28 patients (17 male; 17 right eyes) with a mean age of
56 years (range 10—77 years) received IMI during PPV.
Eyes had a median of two PPVs prior to surgery with IMI
(range 0—6 surgeries). PPV was 25-gauge in 22 eyes (76%),
23-gauge in five eyes (17%), and 20-gauge in two eyes
(7%). Ocular endoscopy was employed in two eyes (7%).
Membrane peeling of PVR was performed in 26 eyes (90%),
and endolaser was performed in all eyes. Epiciliary mem-
branes were removed in two eyes (7%). Mean follow-up was
27 months (range 9-63 months).

Response to treatment

Table 1 summarizes the indications for PPV with MTX
infusion. No complications were directly attributable to IMI.
Anterior chamber inflammation was grade 2+ or less without
fibrin formation in all eyes that received IMI. No patient
developed an epithelial defect if the corneal epithelium
was not scraped at the time of surgery, and no patient had

a persistent epithelial defect. Visual acuity (VA) prior to PPV
with IMI ranged from 20/70 to LP. At 6 months, VA ranged
from 20/20 to LP. It improved in 21 eyes, remained stable in
five eyes, and worsened in three eyes. Of those three eyes, one
patient had proliferative diabetic retinopathy that had been
treated with panretinal photocoagulation previously (patient
no 3), one had a history of sarcoid uveitis and developed
hypotony after surgery (patient no 12), and the third patient
had no ocular disease prior to the RD (patient no 23). Nine-
teen of 29 eyes (66%) had 20/200 vision or better at 6 months
(Figure 1). Paired Student’s -test showed statistical signifi-
cance when comparing preoperative to postoperative VA at
6 months (P=0.0002). VA data showed both statistically
significant VA gains. Mean VA was CF (range 20/70 to LP)
preoperatively and improved to 20/250 (range 20/20 to LP,
P<0.0002) postoperatively. Ambulatory vision (CF or bet-
ter) was present in 14 of 29 eyes (48%) preoperatively and
improved to 21 of 29 eyes (72%) postoperatively. The vision
was 20/200 or better in 10 of 29 eyes (34%) preoperatively
and 18 of 29 eyes (62%) postoperatively. 20/60 or better VA
was present in one of 29 eyes (3%) preoperatively and ten of
29 eyes (34%) postoperatively.

All retinas were reattached at the conclusion of surgery.
At postoperative month 6, the retinas of 26 of 29 eyes (90%)
remained attached, but three eyes developed recurrent RD
from PVR. Two eyes were treated with laser retinopexy and
one eye underwent reoperation with PPV for recurrent RD.
Among those eyes, two had a history of open-globe injuries,
and one was an aniridic patient with a retro-keratoprosthetic
membrane and anterior tractional RD. At the last follow-up,
three additional eyes (10%) developed recurrent PVR
without recurrent RD that did not require further interven-
tion. All three of these had a history of open-globe injury.
Five eyes had a history of significant inflammation prior
to IMI. Only one of those eyes (patient no 12) had recur-
rent PVR and had decline in vision after surgery (from
20/400 to HM vision). This patient had a history of severe
sarcoid uveitis and developed hypotony with choroidals
postoperatively.

Three patients had a history of previous contralateral
postoperative PVR and recurrent RD after PPV surgery
without IMI use. In those three patients, the contralateral
eye had the same initial pathology as the eye that received
IMI: one had macular hole, the second had RD, and the
third had pars planitis and developed PVR after epiretinal
membrane peeling. For those patients, the fellow eyes that
received IMI did not experience recurrent RD or PVR
(Tables 1 and 2).
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Table 2 Summary of patients’ clinical data

Patient Indication for MTX Comorbidities No of Preoperative Postoperative Months of Anatomical
ID previous VA VA at follow-up outcome
surgeries 6 months
| Recurrent PVR with RD  Severe inflammation and 6 20/160 20/80 63.25 Attached with no PVR
perforating globe injury
2 Recurrent PVR with RD  PDR 2 20/80 20/50 37 Attached with no PVR
3 Recurrent PVR with RD  PDR | 20/70 20/200 52.25 Attached with no PVR
4 Recurrent PVR with RD 4 20/125 20/60 23.75 Attached with no PVR
5 Recurrent PVR with RD 3 LP LP I Attached with no PVR
6 Recurrent PVR with RD 2 CF 20/250 425 Attached with no PVR
7 Recurrent PVR with RD  MH and HST 3 CF 20/400 30.75 Attached with limited PVR
8 Primary RD with MH 0 20/70 20/40 15.25 Attached with no PVR
contralateral PVR
Recurrent PVR with RD | 20/160 20/160 36 Attached with no PVR
10 Primary RD with severe 0 CF 20/200 26.75 Attached with no PVR
inflammation
11 ERM with severe 2 20/400 20/20 795 Attached with no PVR
inflammation
12 Primary RD with severe  Severe sarcoid | 20/400 HM 52.25 Attached with limited PVR
inflammation uveitis with hypotony
maculopathy
postoperatively
13 Primary RD with ERM, pars planitis 0 20/400 20/40 11.75 Attached with no PVR
contralateral PVR
following ERM peel
14 Primary RD with 0 CF 20/25 10.5 Attached with no PVR
contralateral PVR after
RD repair
15 Recurrent PVR with RD  Perforating globe injury 4 HM CF 36.75 Attached with limited PVR
16 Recurrent PVR with RD  Perforating globe injury | HM HM 29 Attached with limited PVR
17 Recurrent PVR with RD 2 CF 20/30 29.75 Attached with no PVR
18 Recurrent PVR with RD 2 HM 20/200 36.25 Attached with no PVR
19 ERM with severe | 20/50 20/40 23.25 Attached with no PVR
inflammation
20 Recurrent PVR with RD | 20/100 20/70 13 Attached with no PVR
21 Recurrent PVR with RD  Perforating globe injury | HM 20/60 11.25 Attached with limited PVR
22 Recurrent PVR with RD | 20/100 20/60 17.25 Attached with no PVR
23 Recurrent PVR with RD 2 20/70 20/80 19 Attached with no PVR
24 Recurrent PVR with RD | CF 20/100 12 Attached with no PVR
25 Recurrent PVR with RD 2 CF 20/125 9.25 Attached with no PVR
26 Recurrent PVR with RD | CF CF 18.25 Attached with no PVR
27 Recurrent PVR with RD  Boston keratoprosthesis | HM CF 16.5 Attached with no PVR
retromembrane
28 Recurrent PVR with RD 2 CF CF 10.25 Attached with no PVR
29 Recurrent PVR with RD | LP HM 17.75 Attached with no PVR

Abbreviations: CF, counting fingers; ERM, epiretinal membrane; HM, hand motions; HST, horse shoe tear; LP, light perception; MH, macular hole; MTX, methotrexate;
PDR, proliferative diabetic retinopathy; PVR, proliferative vitreoretinopathy; RD, retinal detachment; VA, visual acuity.

Discussion

PVR remains a persistent problem complicating RRD repair
despite many surgical advancements in the management
of RD.'S Patients are at higher risk of developing PVR if
their clinical presentation includes penetrating globe injury,
multiple tears, giant tears, a larger RD (>2 quadrants),
vitreous hemorrhage, preoperative PVR, preoperative and
postoperative choroidal detachment, uveitis, inflammation
with anterior chamber and vitreous flare, aphakia, use of
vitrectomy, cryoretinopexy, or heavy endolaser application

for RD repair, and repeated surgical procedures.>'® All our
patients had two or more of these risk factors.

The pathophysiology of PVR is complex and likely
requires the cooperation of multiple cell types. Following
RD, glial cells are activated and contribute to the forma-
tion of membranes in PVR. RPE cells lose their polarity,
dedifferentiate, and undergo epithelial to mesenchymal
transition, converting to myofibroblasts in response to
unregulated growth factor exposure. This phenotypic trans-
formation creates cells that, unlike their RPE progenitors,
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Figure | Distribution of preoperative and 6 months postoperative logMAR visual
acuities before and after IMI (P=0.0002).

Abbreviations: IM|, intravitreal methotrexate infusion; logMAR, logarithm of the
minimum angle of resolution.

are proliferative, migratory, contractile, and capable of the
robust extracellular matrix secretion necessary to form the
fibrocellular membranes diagnostic of PVR. Macrophages are
either recruited to the site of RD or formed from other retinal
cells in response to molecules secreted by the injured retina.
While macrophages can be beneficial for removing cellular
debris, they also drive PVR by secreting pro-inflammatory
cytokines that convert RPE cells into myofibroblasts.? The
role of pro-inflammatory cytokines in PVR likely explains
why most of the risk factors for PVR development involve
inflammation or wound-healing responses.>!°

Surgery remains the standard treatment for PVR, yielding
an anatomic success rate of 60%—90% with functional suc-
cess (ambulatory vision 5/200 or better) in only 40%—80%
of patients.”? As inappropriate cell proliferation is neces-
sary for PVR, most attempts to pharmacologically arrest
PVR have focused either on anti-neoplastic agents such as
daunorubicin and 5-fluorouracil, which block the ability
of proliferative cells to synthesize new DNA, or to couple
those agents with low molecular weight heparin to block
fibrin formation, theoretically reducing the concentration of
growth factors driving PVR. However, although these agents
work well in animal models, the results in human patients are
mixed,” which has prevented their widespread acceptance for
clinical use. Similarly, attempts to block the inflammatory
processes critical for PVR with the administration of steroidal
anti-inflammatory agents such as dexamethasone and triam-
cinolone have shown limited efficacy in improving retinal
reattachment rates, VA, or PVR reoccurrence in the clinic.?

An ideal PVR therapy needs to be safe for intraocular
administration while also simultaneously blocking multiple
drivers of PVR pathogenesis. High-dose MTX (400 ug
administered intravitreally) has been used for 50 years as an

effective therapy for intraocular lymphoma due to its ability
to stop cell proliferation via its ability to block the de novo
nucleotide synthesis needed for DNA synthesis. However,
MTX has potent anti-inflammatory activity at concentrations
too low to affect normal cellular proliferation, leading to its
clinical use in rheumatologic diseases, psoriasis, and ocular
inflammatory diseases such as uveitis and scleritis. Thus, we
hypothesized that intravitreal use of MTX would safely block
the cellular proliferation associated with PVR shortly after
administration and then would continue to block the tissue
inflammation that drives PVR even as its tissue concentra-
tions decline with time. As MTX is a small molecule with a
molecular weight of 454.44 g/mole, it achieves stable tissue
concentrations early in the course of vitrectomy in animal
models.!'” Thus, we chose to administer the MTX as a step
dosing in the infusion during the vitrectomy portion of the
surgery as opposed to bolus dosing at the end of surgery to
achieve uniform dosing and bypass concerns of unpredict-
able MTX concentrations in the setting of silicone oil or
gas tamponades. This process does not limit the volume for
tamponades or introduce an aqueous phase around retinal
breaks that could limit retinal attachment. MTX’s efficacy
as an anti-neoplastic agent is usually attributed to its ability
to inhibit the nucleotide biosynthesis necessary for the DNA
synthesis that is necessary for cell proliferation. Numerous
studies have shown that, at higher doses, MTX inhibits cell
proliferation of numerous cell types including those involved
in PVR such as fibroblasts,? astrocytes,'® and glia.! Its effect
on inflammation is observed at concentrations too low to
affect cell proliferation.

Rare side effects such as vitreous hemorrhage, maculopa-
thy, endophthalmitis, and corneal epitheliopathy have been
reported after repeated intravitreal treatments with doses
greater than that used in the present study.”'> No adverse
effects of IMI were identified in our small patient cohort,
similar to another study that used a similar dose of intraocular
MTX to induce the extended remission of uveitis.'> Adminis-
tering only a single dose of MTX may limit the opportunity
for toxicity.

Our low rate of recurrent PVR (20%), low rate of recur-
rent RD (10%), and excellent VA results are compared
favorably to other studies that evaluated pharmacological
interventions for PVR including the Silicone Oil Study.**2
In our series, at 6 months, 83% of patients had stable or
improved VA, and 66% had VA =20/200 (Table 3). Perhaps
the most intriguing finding in our study was that three patients
had a history of contralateral PVR formation causing recur-
rent RD prior to presenting with disease in the index eye.
In each of these patients, the presenting RD duration and
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Table 3 Main study outcomes

Improved or stable visual acuity at 6 months compared 24/29 (83%)
to initial presentation
Visual acuity =20/200

Recurrent PVR without retinal detachment

19129 (66%)
3129 (10%)

Reoperation for recurrent retinal detachment 3/29 (10%)

Abbreviation: PVR, proliferative vitreoretinopathy.

geometry, the specific surgical repair, and the operating sur-
geon were symmetric in both the eyes. However, the eye that
received IMI did not develop ERM, PVR, or recurrent RD.
We hypothesize that IMI might be an effective adjuvant to
reduce PVR incidence even among eyes without a history
of PVR. While a recent report found that addition of MTX
to the silicone oil tamponade after retina reattachment did
not prevent recurrent detachment in diabetic retinopathy,'*
the MTX concentrations used were lower than this study
and the method of MTX application may limit the access
of the drug to the retina. Also, the ability of MTX to induce
remission in uveitis suggests that the drug could be particu-
larly efficacious in PVR associated with ocular inflammation.
As >50% of patients with RD from PVR in one eye develop
sight-threatening pathology in the fellow eye,* we intend to
investigate the ability of IMI to prevent recurrent PVR with
a prospective pilot study in the future.

Our data show promising findings in a small, uncontrolled,
retrospective pilot series of selected patients with complex
recurrent RD with PVR, and patients with a history of severe
inflammatory complications deemed at high risk for PVR.
Although the strength of the conclusions that can be drawn
from this study are severely limited due to its small sample
size, biased patient selection, lack of control group, and reli-
ance on retrospective chart review, we achieved a remarkable
single incisional surgery retinal reattachment success rate of
97% in this consecutive case series of severely diseased eyes.
Another limitation of this study is that our patient cohort
is very heterogeneous as outlined in Table 1; however, we
felt that it would be important to include all data given the
similar outcomes and the nature of pilot studies. Due to the
small number of patients in this series and the heterogeneous
nature of our patient cohort, there is insufficient statistical
power for any detailed analysis of surgical trauma (number
of laser spots, number of instrument exchanges, and surgical
duration preceding the MTX infusion cases or during the
MTX infusion cases) to be meaningful. The surgeries were
operated with similar surgical technique, and no one surgery
or group of surgeries were strikingly different in terms of
surgical trauma than any other.

Despite the existence of these limitations, some important
conclusions can be drawn from our data. 1) IMI as an adju-
vant to PPV for RD repair seems to be safe. This is expected
given its longstanding safety profile in treating other ocular
diseases.!” 2) VA results at 6 months were excellent con-
sidering the severity of ocular disease and were not inferior
to other reports in the literature.>'® 3) The three eyes with
severe contralateral PVR that did not develop PVR after
IMI highlights further that MTX may be efficacious in PVR
prevention. 4) Eyes with significant preoperative inflamma-
tion did remarkably well following IMI. As inflammation is
a known risk factor for PVR,? it is believed that the ability
of MTX to control cell proliferation at the concentrations
administered'® and its efficacy in controlling inflammation
at lower concentrations’ make IMI a plausible adjuvant
therapy for PVR prevention in selected severely diseased
eyes with RRD.

PVR remains a challenging complication following RD
repair surgery. Overall, the favorable outcomes for this series
of high-risk eyes treated for RD with PPV and IMI justify a
more rigorous, controlled, prospective study of IMI efficacy.
Furthermore, given the low risk of intravitreal MTX admin-
istration observed both in this study and in the literature for
alternate indications,”!*!> off-label IMI may be considered
during RD repair surgery in scenarios where patients are
considered at very high risk of developing PVR, such as a
history of severe contralateral PVR or a known history of
posterior uveitis.
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