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Purpose: To compare the clinical outcomes and the rate of complications of 27-gauge
transconjunctival nonvitrectomizing vitreous surgery (NVS) and of 25-gauge transconjunc-
tival sutureless vitrectomy surgery for idiopathic epiretinal membrane removal.

Methods: In this prospective randomized study, 83 phakic eyes of 83 consecutive patients
with an idiopathic epiretinal membrane were randomized to receive 27-gauge NVS (NVS-group)
or 25-gauge vitrectomy (Standard-group). Main outcome measures were best-corrected visual
acuity, central retinal thickness, nuclear density units’ changes, and rate of complications.

Results: Thirty-nine eyes of the Standard-group and 40 of the NVS-group were
considered in final analysis. Mean best-corrected visual acuity improved significantly in
both groups, with a significant better result at 12 months in NVS-group (P = 0.039; t-test).
Central retinal thickness decreased significantly in both groups (P < 0.001, Tukey test),
without significant difference between the two groups at any time point. At 12 months,
nuclear density increased significantly in the Standard-group (analysis of variance, P <
0.001), and it did not change in the NVS-group (analysis of variance, P = 0.537). Epiretinal
membrane recurred in 5.1% of eyes in the Standard-group and in 7.5% of eyes in the NVS-
group (Fisher’s exact test, P = 1.000).

Conclusion: The 27-gauge NVS is an effective surgical procedure in eyes with epiretinal
membrane and it induces less progression of nuclear sclerosis than 25-gauge vitrectomy.
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piretinal membrane (ERM) removal has become
a standard technique in vitreoretinal surgery. Vit-
rectomy is currently being performed in eyes with
relatively good visual acuity, because the threshold
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for surgery for ERM has decreased due to improve-
ments in surgical techniques.’

Recent introduction of transconjunctival small-
gauge vitrectomy surgery has provided potential
advantages over traditional 20-gauge surgery, includ-
ing faster wound healing, less conjunctival scaring,
decreased operating time, improved patient comfort,
and less postoperative inflammation with early visual
recovery.>’

However, despite continuous advances to improve
safety of vitrectomy for macular diseases, cataract
progression and iatrogenic peripheral retinal breaks
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remain common postoperative complications even
with small-gauge instrumentation.*

Nonvitrectomizing vitreous surgery (NVS) has been
proposed as an alternative surgical procedure to
remove ERM without removing the vitreous.” In a pro-
spective study, it has been shown that ERM can be
effectively removed by NVS, without inducing a pro-
gression of nuclear sclerosis; at a long term, the recur-
rence rate of ERM was higher than that reported with
conventional vitrectomy.®

No study to date has compared vitrectomy with
NVS in terms of efficacy and rate of side effects. The
purpose of this study was to compare the functional
and anatomical outcomes, and the rate of complica-
tions between standard 25-gauge vitrectomy and NVS
in patients with idiopathic ERM.

Materials and Methods

Subjects

This is a prospective randomized study. All consec-
utive phakic patients with an idiopathic ERM evalu-
ated at the Department of Ophthalmology of the
University of Ancona (Italy), between May 2010 and
January 2012, were randomized to receive 25-gauge
standard vitrectomy (Standard-group) or 27-gauge
NVS (NVS-group). Only eyes with a minimal
follow-up of 12 months were included in the analysis.
If a patient had surgery in both eyes, the first eye that
received surgery was included in the study.

The study was approved by the institutional ethics
committee, and all patients signed informed consents
after the aim and the possible risks of the study were
fully explained.

Inclusion criteria were the presence of an idiopathic
ERM within the temporal arcades clearly visible
through biomicroscopy, clear vitreous, best-corrected
visual acuity (BCVA) >0.2 logMAR, metamorphop-
sia, absent-to-moderate cataract (Grade 0.0-2.0 of
Thompson classification).’

Patients were excluded if they had secondary ERM,
preoperative retinal breaks, previous ocular surgery,
myopia with an axial length >26 mm, amblyopia, dia-
betic retinopathy, retinal vascular occlusion, macular
disorders, corneal disorders, other ocular pathologic
features that could have interfered with functional re-
sults, the prolonged use of topical or systemic cortico-
steroids, or any other known condition that may have
altered the rate of cataract progression after vitrectomy.

After inclusion into the study, the participants were
randomly assigned 1:1 to either the Standard-group or
to the NVS-group using a computer-generated ran-
domization list.

Preoperatively and at Day 1, Weeks 1 and 2, and
Months 1, 6, and 12 after surgery, each patient
underwent a complete evaluation, with BCVA deter-
mination, anterior segment examination, intraocular
pressure (IOP) evaluation, dilated fundus examination
using indirect ophthalmoscopy with scleral depression,
and spectral domain optical coherence tomography
(OCT).

In a database, the following parameters were
collected: patient demographics, BCVA, preoperative
lens status, IOP, central retinal thickness, axial length,
the number of intraoperative and postoperative iatro-
genic retinal breaks, the incidence of postoperative,
rhegmatogenous retinal detachment, and other
surgery-related complications.

Best-corrected visual acuity was measured using the
Early Treatment Diabetic Retinopathy Study charts at
a 4-m distance by a single, well-trained experienced
ophthalmologist (A.S.) who was masked to the study.
Vision results were quantified in logMAR.

The nuclear density was assessed by digital
Scheimpflug lens photography at baseline and at 1,
6, and 12 months after surgery. Lens images were
taken and analyzed by the anterior eye segment
analysis system (NIDEK EAS-1000; NIDEK, Gama-
gori, Japan). All lens images were taken by the same
observer (M.N.), masked to the type of surgery
performed, after pupillary dilatation at the same
settings, as described by Sawa et al.>® The opacifica-
tion value of the nuclear region was expressed in
nuclear density units (NDUs).

Intraocular pressure was measured by Goldmann
applanation tonometry (mean IOP of 3 consecutive
measurements was taken). We defined “hypotony” as
an IOP =5 mmHg.

Axial length was assessed preoperatively by A-scan
ultrasound examination (Cinescan S “HF”’; Quantel
Medical, Clermont-Ferrand, France).

Spectral domain OCT images were obtained with the
Spectralis OCT version 5.1.3.0 (Heidelberg Engineer-
ing, Heidelberg, Germany) with Heidelberg Eye
Explorer version 1.6.2.0 (Heidelberg Engineering) to
assess the central retinal thickness and foveal morphol-
ogy. All OCT examinations were carried out by
a certified operator (F.V.). In OCT images, ERM was
defined as thin highly reflective bands either anterior to
the neurosensory retina with focal areas of macular
attachments or globally adherent to the retinal surface.’
Radial, 20° 6-line scans centered on the fovea were
obtained for each eye. More than 25 scans were aver-
aged for each measurement. Two masked expert inves-
tigators (M.T., A.L.) interpreted the spectral domain
OCT images. When there was disagreement, a third
(M.R.) investigator was consulted for the final decision.
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Peripheral retinal breaks were defined as definite
retinal breaks located between the midperiphery and
the ora serrata.'® Indeterminate retinal lesions that
resembled retinal breaks were not included.

Surgical Techniques

All patients underwent surgery by the same surgeon
(C.M.), after local anesthesia. The periocular area was
cleaned with povidone—iodine 7%; the ocular surface
was sterilized by administering povidone—iodine 5%
eye drops in the conjunctival fornix.

In the NVS-group, the conjunctiva was displaced
and a scleral tunnel was created by introducing
a 25-gauge trocar (Synergetics USA, Inc) after mea-
suring 4 mm from the limbus in the inferotemporal
quadrant in the left eye and on the inferonasal side in
the right eye to avoid obscuring the macula with the
instrument. The infusion line was then connected to
the light source without opening the infusion. After
displacing the conjunctiva, the second 25-gauge trocar
was positioned in the superotemporal quadrant in the
right eye, or in the superonasal side in the left eye. This
trocar was inserted so as to provide optimal access to
the macula, thus minimizing flexion of the 25-gauge
equipment. A contact lens was used to visualize the
posterior pole. The direction of the illumination was
adjusted with the left hand to gain a better view of
the macula. A pair of 27-gauge disposable forceps
(Synergetics USA, Inc, O’Fallon, MO) was introduced
with the right hand, minimizing movements through the
vitreous. Peeling of the epimacular tissue was per-
formed with forceps, without the use of dyes. At the
end of the procedure, the ERM was removed from the
eye, and a complete examination of the peripheral retina
was performed using the Resight 700 (Carl Zeiss Med-
itec AG, Jena, Germany) wide-angle viewing system or
the Binocular Indirect Ophthalmo-Microscope wide-
angle viewing system (BIOM; Oculus Inc, Wetzlar,
Germany). When a complete ERM removal was not
possible, standard vitrectomy was performed and the
patient was excluded from the study.

In the Standard-group, vitrectomy was performed
with 25-gauge instruments and the Constellation
vision system (UHS Alcon Constellation; Alcon
Laboratories, Inc, Fort Worth, TX) with an ultrahigh-
speed cut rate (5,000 cuts per minute), a duty circle
control, and up to 600 mmHg of linear aspiration. The
25-gauge suturless trocar system by Alcon Laborato-
ries, Inc was used for microincisions. All cases were
performed using the Resight 700 wide-angle viewing
system or the BIOM wide-angle viewing system;
peeling of ERM was performed under visualization
of the posterior pole by a contact lens.

Sclerotomies were placed 4 mm posterior to the
limbus and were performed in a 30°-angled fashion,
parallel to the limbus. The infusion cannula was posi-
tioned in the inferotemporal quadrant, and superotem-
poral and superonasal sclerotomies were conducted
near the 10- and 2-o’clock meridians. Vitrectomy
started shaving the anterior vitreous. Core vitrectomy
was then performed and, if not already present, a pos-
terior vitreous detachment was induced.

Epiretinal membrane peeling was carried out using
end-gripping forceps, without the use of dyes. After
peeling, in all cases, the vitreous was removed up to
the far periphery under fluid infusion.

In both groups, before the conclusion of surgical
treatments, the peripheral retina was examined using
a wide-angle viewing system. All retinal breaks that
were detected during surgery were treated through
endolaser photocoagulation.

At the end of the procedure, the cannulas were
removed and each sclerotomy site was gently pressed
with a cotton swab and carefully inspected for leakage.
If the sclerotomy site was found to be leaking after this
procedure, it was sutured with a single 9-O vicryl
stitch. The eye was dressed with a standard non-
pressure ocular bandage. Topical antibiotics and
steroids were prescribed for 1 month and oral anti-
biotics for 5 days postoperatively.

Statistical Analysis

The sample size (at least 25 eyes for each group)
was determined from the results of previous studies
and our preliminary data to detect, with an alpha of
0.05 and a 90% power (l-tailed), a 0.15 logMAR
increase in visual acuity.

In each group, the mean values of BCVA, central
retinal thickness, and NDUs detected before and at 1,
6, and 12 months after treatment were compared by
analysis of variance (ANOVA); if significant, multiple
comparisons were performed with the Tukey HSD
(honest significant differences) test. Mean values de-
tected in the two groups at each time point were com-
pared by #-test. The rate of complications between the
two groups was analyzed using the Fisher’s exact test.
Values of P < 0.05 were considered statistically sig-
nificant. Statistical analysis was conducted using the
SPSS 11.5.1 for Windows soft package (SPSS, Inc,
Chicago, IL).

Results

Of the overall 133 eyes with ERM, 50 did not meet
the inclusion criteria. The remaining 83 eyes
were enrolled and randomized to receive standard
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vitrectomy (41 eyes) and NVS (42 eyes); in the first
group, 1 patient was lost to follow-up, and 1
developed a retinal detachment, and underwent 25-
gauge vitrectomy with silicone oil tamponade; both
were excluded from analysis. In the second group,
NVS was converted to standard vitrectomy in 2 eyes
because it was not possible to completely remove the
ERM; therefore, in the final analysis were evaluated
39 eyes of the Standard-group and 40 eyes of NVS-
group, as showed in the flow diagram (Figure 1). At
baseline, there was no significant difference in the
demographics and clinical data between the groups
(Table 1).

Best-corrected Visual Acuity

At baseline, the mean + standard deviation BCVA
(Snellen units) was 0.41 £ 0.13 logMAR (20/51) in the
Standard-group and 0.39 = 0.16 logMAR (20/49) in
the NVS-group (P = 0.554; t-test). Best-corrected
visual acuity of both groups significantly improved
after surgery (ANOVA, P = 0.001): at 12 months,
mean BCVA was 0.27 + 0.20 logMAR (20/37) in
the Standard-group and 0.18 + 0.15 logMAR (20/30)
in the NVS-group, (both P < 0.001 vs. baseline, Tu-
key HSD test), with a statistically significant differ-
ence between 2 groups (P = 0.039; t-test) (Table 2).

Enrollment ]

Central Retinal Thickness

At 12 months after treatment, the mean + standard
deviation central retinal thickness was 275 + 57 yum in
the Standard-group and 289 + 68 um in the NVS-
group (Table 2), significantly lower in both groups
than the mean preoperative values at all time points
(P < 0.001, Tukey HSD test), without significant dif-
ference between the 2 groups (P = 0.338; t-test).

Progression in Lens Opacity

At baseline, the mean + standard deviation NDUs
was 69 = 14 in the Standard-group and 70 + 15 in the
NVS-group (P = 0.700; t-test). Statistical analysis by
repeated measures ANOVA showed that the mean
NDUs change significantly in the Standard-group
(ANOVA, P < 0.001), with a significant increase ver-
sus baseline at 12 months (P < 0.001, Tukey HSD
test); no changes were found in the NVS-group
(ANOVA, P = 0.537); a higher NDU value was seen
at 12 months in the Standard-group (P = 0.001; #-test)
(Table 2).

Epiretinal Membrane Recurrence

Removal of the ERM was defined clinically and by
OCT. At 12 months, an ERM recurrence was found in

Assessed for eligibility (n=133)

Excluded (n=50)

+ Not meeting inclusion criteria (n=43)
>+ Declined to participate (n=3)

+ Other reasons (n=4)

Randomized (n=83)

I

Fig. 1. Flow diagram of the
study that shows progress

[ Allocation ]

through the four phases

(enrollment, allocation, follow-
up, and analysis) of the parallel
randomization of the Standard-
group and the NVS-group.
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Standard-group
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+ Received allocated intervention (n=41)

+ Did not receive allocated intervention (n=0)

Y

NVS-group

Allocated to intervention (n=42)

+ Received allocated intervention (n=40)

+ Did not receive allocated intervention (n=2)

Lost to follow-up (n=1)

Retinal detachment (n=1)

l

[ Follow-Up ]
A 4
Lost to follow-up (n=0)
[ Analysis ]
A 4

Analysed (n=39)

Analysed (n=40)
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Table 1. Baseline Demographics and Clinical Characteristics of Eyes With ERM Treated by Standard 25-Gauge
Vitrectomy (Standard-Group) or 27-Gauge Transconjunctival NVS-Group

Standard-Group NVS-Group
(n =39) (n = 40) P*
Mean age (years) + SD 66 + 6 64 + 6 0.143
Mean BCVA (logMAR) = SD (Snellen Units) 0.41 + 0.13 (20/51) 0.39 + 0.16 (20/49) 0.544
Mean CRT (um) + SD 457 + 92 438 + 98 0.377
Mean NDUs (n°) = SD 69 + 14 70 £ 15 0.760
Mean IOP (mmHg) + SD 13.2 + 41 12.9 + 3.7 0.734
Mean AL (mm) = SD 239+ 1.2 241 +£141 0.442

*t-test.
AL, axial length; CRT, central retinal thickness; SD, standard deviation.

2 of 39 eyes (5.1%) in the Standard-group and in the 3 (2.6%); in the NVS-group, no eyes (0%) had intra-

of 40 eyes (7.5%) in the NVS-group, without a signif-
icant difference between the 2 groups (P = 1.000;
Fisher’s exact test).

Complications

Complications are shown in Table 3. Retinal breaks
were found, in the Standard-group, intraoperatively in
2 of 39 eyes (5.1%) and postoperatively in 1 eye

operative or postoperative retinal breaks. Hypotony
was recorded at 1 day postoperative in 2 of 39 eyes
(5.1%) of the Standard-group and in 1 of 40 eyes
(2.5%) of the NVS-group; the IOP normalized in all
eyes by the first postoperative day.

Floaters were reported during the immediate post-
operative period in 2 of 39 eyes (5.1%) in the
Standard-group and in 8 of 40 eyes (20%) in the
NVS-group (P = 0.087, Fisher’s exact test);

Table 2. Best-corrected Visual Acuity, Central Foveal Thickness, and NDUs at Baseline, 1, 6, and 12 Months After Surgery

in Eyes With ERM Treated by Standard 25-Gauge Vitrectomy (Standard-Group) or 27-Gauge Transconjunctival

NVS-Group
Standard-Group NVS-Group
(n=39) (n = 40) P*

BCVA (logMAR) (Mean + SD) (Snellen Units)

Baseline 0.41 + 0.13 (20/51) 0.39 + 0.16 (20/49) 0.554

1 month 0.33 = 0.15 (20/43) 0.31 + 0.18 (20/41) 0.594

6 months 0.30 = 0.12 (20/40) 0.26 + 0.13 (20/36) 0.115

12 months 0.27 + 0.20 (20/37) 0.18 + 0.15 (20/30) 0.039

Pt 0.001 <0.001 —

Pt 0.016§, <0.0019 0.001§, <0.0019 —
CRT (um) (Mean + SD)

Baseline 457 + 92 452 + 98 0.778

1 month 321 + 87 320 + 94 0.933

6 months 304 + 90 298 + 82 0.768

12 months 275 + 57 289 + 68 0.338

Pt <0.001 <0.001 -

Pt <0.001§9* <0.001§9™ -
NDUs (n°) (Mean + SD)

Baseline 69 + 14 70 =15 0.700

1 month 71+ 16 70 £ 13 0.779

6 months 77 £15 73 £15 0.175

12 months 87 £ 18 74 £ 16 0.001

Pt <0.001 0.537 —

Pt <0.0019 — —

*t-test.

TANOVA.

FTukey HSD (honest significant differences) test.
§Six months versus baseline.

qITwelve months versus baseline.

**One month versus baseline.

CRT, central retinal thickness; SD, standard deviation.
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Table 3. Incidence of Complications in Eyes With ERM Treated by Standard 25-Gauge Vitrectomy (Standard-Group) or
27-Gauge Transconjunctival NVS-Group

Standard-Group NVS-Group

(n =39), n (%) (n = 40), n (%) P*
Retinal breaks intraoperative 2 (5.1) 0 (0) 0.241
Retinal breaks postoperative 1(2.6) 0 (0) 0.494
Bleeding 3 (7.6) 2 (5) 0.675
Hypotony 2 (5.1) 1(.5) 0.615
Early floaters 2(5.1) 8 (20) 0.087
Persistent floaters 2 (5.1) 5(12.5) 0.432
Clinical cistoid macular edema 1(2.6) 0 (0) 0.494

*Fisher’s exact test.

persistence of floaters at 12 months was reported in 2
eyes of 39 (5.1%) in the Standard-group and in 5 of 40
eyes (12.5%) in the NVS-group (P = 0.432, Fisher’s
exact test).

Discussion

Our study shows that 27-gauge transconjunctival
NVS is effective in the treatment of ERM, by
improving visual acuity significantly without serious
intraoperative and postoperative complications and
inducing less progression of nuclear sclerosis com-
pared with 25-gauge vitrectomy.

Nonvitrectomizing vitreous surgery, a surgical
procedure aiming to remove ERM without removing
the vitreous, has been described for the first time by
Charles.'' Saito et al’ showed that this technique is
safe and efficient to remove ERM and prevent the
development or progression of nuclear sclerosis with
a low incidence of recurrence of ERM. Sawa et al®
showed, after a mean follow-up of 6 years after NVS,
that the median visual acuity improved from 20/50 to
20/25, with an improvement or stabilization within 2
lines in 96.7% of eyes; 3 eyes received an additional
vitrectomy and cataract surgery. After standard vit-
rectomy, Kim et al (20- or 23-gauge) reported an
increase in BCVA from 0.49 + 0.23 logMAR to
0.15 + 0.19 logMAR at 2 years; Kim et al'*'? re-
ported an increase of >2 Snellen lines in 77% of the
eyes at 12 months. Our study shows a statistically
significant improvement of mean BCVA in both
groups, with better results at 12 months after NVS
(Standard-group: 0.27 logMAR [20/37]; NVS-group:
0.18 logMAR [20/30]). Lower BCVA values de-
tected in the Standard-group could be explained by
the increase of nuclear sclerosis (mean NDUs)
detected in this group; however, no eye developed
a cataract requiring surgery during follow-up. In
NVS-group, mean NDUs were unchanged, in agree-
ment with Sawa et al,®> which found no progression

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

of nuclear sclerosis after NVS (no difference
between the operated and the fellow untreated eye
at 1 and 6 years).

As recently demonstrated, cataract occurs in most
cases at 6 months after vitrectomy, regardless the
caliber of instrument.* It is well established that vit-
rectomy surgery causes an acceleration of nuclear scle-
rotic cataract formation, with a mechanism not
completely understood. One possible hypothesis is that
in the absence of the vitreous gel, molecular oxygen
from the retinal vasculature reaches the lens and pro-
motes oxidative damage of the lens nucleus, an
increase in light scattering, and nuclear sclerotic
cataract.'*

In our study, at 12 months, ERM recurred in 5.1%
of eyes in the Standard-group and in 7.5% of eyes in
the NVS-group without a significant difference
between the 2 techniques. Sawa et al® reported a recur-
rence in 4 of 41 eyes (9.75%) after a mean of 22
months, and at a long term (6 years of follow-up), in
33% of the treated eyes. With standard vitrectomy,
recurrence of ERM ranged from 4% to 12%.'>'

Some authors advocate that removal of the internal
limiting membrane (ILM) can reduce the recurrence
rate, because the ILM can act as a scaffold for glial
proliferation after successful removal of the ERM. 81
However, long-term effects of ILM removal are
unknown, and mechanical injury to the neurosensory
retina during ILM peeling has been a concern.”>*' In
our study, punctate retinal hemorrhages were observed
usually during ERM peeling also in the NVS-group,
suggesting that the ILM has been removed together
with the ERM.

Furthermore, to reduce the ERM recurrence after
NVS, in this study, we converted to standard small-
gauge surgical procedures in case of incomplete
removal of the ERM during NVS.

Although the recent evolution of vitreoretinal sur-
gical techniques, the incidence of retinal breaks has
been reported in small-incision vitrectomy up to
15.8% of the eyes.'?*? After NVS, Saito et al’
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reported no retinal breaks during the follow-up period.
In our study, similar incidence of retinal breaks in two
groups suggests that NVS does not negatively affect
the retina.

One of the main disadvantages of the NVS tech-
nique is the presence of floaters, as shown by Saito
et al,” which may be very bothersome to some pa-
tients. In our study, postoperative incidence of floaters
was of 20% in eyes treated by NVS but spontaneously
regressed in many of them, with a final rate of 12%,
slightly greater than that after standard vitrectomy.

The main limitation of our study is the short follow-
up: at a long term, increased recurrence of ERM and
changes in nuclear density could occur.

In conclusion, 27-gauge NVS is effective in the
treatment of ERM improving visual acuity, not increas-
ing the rate of complications, inducing a less progression
of nuclear sclerosis with respect to 25-gauge vitrectomy;
moreover, it is possible to convert to a standard pro-
cedure in case of incomplete removal of the ERM.

Key words: cataract, idiopathic epiretinal mem-
brane, nonvitrectomizing surgery, retinal break, vitrec-
tomy.
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