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ABSTRACT

Introduction: The purpose of this study was to
evaluate baseline and postoperative factors
affecting outcomes after vitrectomy for diabetic
macular edema (DME) using optical coherence
tomography (OCT).

Methods: Vitrectomy combined with inner
limiting membrane (ILM) peeling and addi-
tional laser photocoagulation therapy was per-
formed on 36 eyes of 30 DME patients.
Evaluations included the logarithm of the
minimal angle of resolution (logMAR),
best-corrected visual acuity (BCVA) and OCT
parameters at baseline and 1, 3, 6, and
12 months postoperatively. Correlations
between OCT parameters and BCVA were
assessed at each follow-up visit. Correlations
among postoperative BCVA and preoperative
BCVA, foveal macular thickness (FMT), outer
foveal thickness (OFT), and photoreceptor outer
segment (PROS) length were evaluated using
multiple regression analysis.
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Results: BCVA significantly improved from
0.50 £ 0.25 to 0.34 £ 0.26 at 12 months post-
operatively (P <0.001). Mean FMT improved
significantly from 526.4 +£120.4 to
384.6 £120.5 at 1month, 325.2+100.3 at
3 months, 304.1 +102.5 at 6 months and
274.2 £ 86.6 ym at 12 months postoperatively
(P<0.001, respectively). OFT 1month after
surgery was significantly decreased 46.5+
14.7-40.2 £ 14.4 pm (P = 0.017), although at 3,
6, and 12 months it did not differ from the
baseline value. PROS length 1 month after sur-
gery significantly decreased from
31.7 £ 6.9-28.8 £ 6.8 ym (P =0.015) and that
at 3months and 6 months recovered to the
baseline value. PROS length 12 months after
surgery was significantly increased to
34.3 &£ 7.2 um from baseline (P =0.023). Mean
FMT was not correlated with BCVA at any time
point. Mean OFT and PROS length at 3, 6, and
12 months were correlated with BCVA. In mul-
tiple regression analysis, PROS length had the
greatest effect on VA 12 months postoperatively
(P=0.0262, standard regression coefficient =
—0.366).

Conclusion: Current surgery helps DME
patients to maintain VA and foveal structures.
The results suggest that PROS length predicts
visual outcome in DME patients following vit-
rectomy with ILM peeling and additional laser
photocoagulation.
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INTRODUCTION

Diabetic macular edema (DME) is a leading
cause of severe visual loss in diabetic retinopa-
thy patients [1]. In the past, the most widely
used nonsurgical treatments for DME included
intravitreal injection of triamcinolone ace-
tonide (IVTA) [2], and focal/grid photocoagu-
lation in which laser shots are applied directly
to leaking microaneurysmas (focal treatment)
or are delivered in a grid pattern on the thick-
ened retina [3]. Recently, intravitreal injection
of ranibizumab [4] or aflibercept [S] have been
widely used worldwide. Resolution of the mac-
ular edema often leads to improved visual acu-
ity (VA). However, despite complete resolution
of macular edema, some patients have a poor
visual outcome, and the results of recent case
series show that macular edema persists in some
patients despite multiple intravitreal anti-vas-
cular endothelial growth factor (VEGF) injec-
tions over a long treatment period [6]. This
discrepancy is caused by irreversible structural
changes due to long-standing macular edema
[6].

Vitrectomy has been advocated for the
treatment of DME refractory to nonsurgical
treatment [7, 8]. The postulated mechanisms of
action of vitrectomy include the removal of
possible sources of traction [9], improving
transvitreal oxygenation of the retina [10],
removal of the posterior hyaloids that harbor
vasopermeable factors [11], and removal of
condensed chemical mediators that promote
vascular permeability [12]. Although several
interventions have been applied clinically, it
remains to be determined how individual
interventions provide beneficial effects for
visual function, which can lead to customized
medicine [9].

Recent technological advances in optical
coherence tomography (OCT) have enabled us
to identify the external limiting membrane and

photoreceptor layers. We previously reported
that photoreceptor outer segment (PROS)
length is a strong indicator of visual function
and a prognostic factor for postoperative VA in
patients with idiopathic epiretinal membrane
(ERM) who underwent vitrectomy [13].

The purposes of this study are to evaluate the
efficacy of vitrectomy and the correlations
among various foveal microstructures using
spectral domain (SD)-OCT images and VA
before and after surgery in patients with DME.

METHODS

We retrospectively studied 36 eyes of 30
patients with DME treated with 25-gauge
transconjunctival sutureless vitrectomy (TSV)
and inner limiting membrane (ILM) peeling at
St. Marianna University School of Medicine
Hospital between April 2013 and June 2015.
Patients with type 2 diabetes mellitus who had a
reduction in best-corrected visual acuity (BCVA)
due to DME were eligible for this clinical trial.
The criterion for thickening of the central
macula was defined as a foveal macular thick-
ness (FMT) of 250 pm based on SD-OCT (Cirrus
HD-OCT; Carl Zeiss Meditec, Dublin, CA, USA).
All eyes had received some therapies prior to
surgery. This study was approved by the Insti-
tutional Review Committee of St. Marianna
University School of Medicine, and informed
written consent was obtained from all patients
before study enrollment. We registered this
study in the University hospital Medical Infor-
mation Network (UMIN ID: 000,026,906). All
patients were followed up for at least 12 months
postoperatively, until June 2016. The proce-
dures used conformed to the tenets of the
Declaration of Helsinki.

Patients were excluded if they had a history
of prior scleral buckling and pars plana vitrec-
tomy, and high myopia with a refractive error of
greater than —8.00 diopters, severe cataract of
higher than grade 3, glaucoma, or type 1 dia-
betes mellitus, and if grid or focal macular laser
and/or panretinal photocoagulation (PRP),
subtenon TA (STTA), intravitreal TA (IVTA) and
intravitreal anti-VEGF injection had been per-
formed within 3 months before study
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Fig. 1 Data extraction from grayscale images. a Fluorescein
angiography image of a patient with DME. b Complete
24-bit OCT image. ¢ Enlarged extract from the outer layer
in (b). Dashed line line scan from which the single-reflec-
tivity profile (c) was calculated. d Three distinct peaks

enrollment. Eyes shown to have a disrupted
inner segment/outer segment (IS/OS) junction
line (now usually called ellipsoid zone) and
subretinal fluid in OCT were also excluded,
since it would have been difficult to evaluate
PROS length correctly.

All eyes of 30 patients who underwent
25-gauge TSV using the Alcon Constellation
Vision System (Alcon Laboratories, Fort Worth,
TX, USA) including a 3-port trocar cannula
system (Total Plus Pak). ILM peeling was per-
formed in all eyes with triamcinolone ace-
tonide. Even if prior PRP had been performed,
additional PRP was performed in the far
peripheral area whether or not nonperfused
areas (NPAs) defined by fluorescein angiography
(FA) were present. Simultaneous phacoemulsi-
fication with intraocular lens implantation was
carried out on all phakic eyes before the scleral
incision for vitrectomy (excluding eyes with
severe cataract of higher than grade 3). All cat-
aract surgeries were performed through a clear
corneal 2.4-mm incision, and all procedures
were performed by one surgeon (J.K.).
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within the longitudinal reflectivity profile were easily
detected. Reflectivity is in 0-255 levels of gray (x axis);
scan depth is in micrometers (y axis). DME diabetic
macular edema, OCT optical coherence tomography

The BCVA and SD-OCT findings were mea-
sured before and after surgery at 1, 3, 6, and
12 months. The BCVA was converted to the
logarithm of the minimal angle of resolution
(logMAR) units for statistical analysis. We
assessed the associations among preoperative
parameters, including logMAR VA, foveal mac-
ular thickness [FMT; the distance between the
vitreoretinal surface and the retinal pigment
epithelium (RPE) at the foveal center], outer
foveal thickness (OFT; the distance between the
ELM and RPE), PROS length (the distance
between the IS/OS junction and RPE), and
postoperative VA 12 months after surgery
(Fig. 1). The FMT measurements were derived
from the software (Cirrus 3.0; Carl Zeiss Medi-
tec) provided by the manufacturer. Detailed
image analysis was performed in the outer layer.
The central PROS length and OFT measure-
ments at the foveal center were performed using
Image J software v.1.46 (National Institutes of
Health, Bethesda, MD, USA; available at http://
rsbweb.nih.gov) available from July 2011 and
were true to scale. Within this selected area,
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longitudinal reflectivity profiles, arranged in a
cross-sectional parallel manner, were calculated
(Fig. 2). The OCT scans through the outer layer
showed 3 clearly distinguishable, highly reflec-
tive bands [peak (P) 1-3; Fig. 2c]. These highly
reflective bands represented the RPE (P1), IS/OS
junction (P2), and ELM (P3). The PROS length
(the distance between P1 and P2) and OFT (the
distance between P1 and P3) measurements
were performed on longitudinal reflectivity
profiles. The repeatability of this manual anal-
ysis was investigated using a subset of both five
images of healthy eyes and five images of study
eyes. The 3-sigma repeatability of the image
analysis was found to be not less than 2.8 pm, as
previously reported [21]. The factors influencing
postoperative BCVA were evaluated using mul-
tiple regression analysis. We assessed the corre-
lation between foveal microstructures and final
VA and investigated the prognostic factors
related to PROS length that may be predictive of
final VA in DME after surgery.

Statistical Analysis

All statistical analyses were performed using
StatView software (Abacus Concepts, Berkeley,
CA, USA, 1992). Data correlations between final
BCVA and SD-OCT characteristics or clinical
features were investigated using the Spearman
rank-correlation test. P values of less than 0.05
were considered to represent statistically sig-
nificant differences. The Wilcoxon rank-sum
test was used to compare pre- and postoperative
BCVA and OCT parameters. P values of less than
0.05 were also considered to represent statisti-
cally significant differences in this analysis.

RESULTS

The baseline characteristics and clinical data of
the patients are shown in Table 1. Thirty eyes
(83.3%) had received prior treatment for DME.
Vitrectomy and ILM peeling were performed in
all eyes without any intraoperative complica-
tions (iatrogenic tearing, severe retinal damage
during ILM peeling). During follow-up to
12 months, no eyes required additional treat-
ment such as intravitreal anti-VEGF, STTA,

Fig. 2 a Changes in the mean logMAR visual acuity (VA)»
from baseline to 12 months after surgery. VA at 3 and
6 months after surgery was significantly improved com-
pared with preoperatively. b Changes in the mean FMT
from baseline to 12 months after surgery. ¢, d Changes in
the mean PROS length and OFT from baseline to
12 months after surgery. The two parameters showed a
similar clinical course. e Distribution of changes in FMT
from baseline. Box-whisker plor demonstrating mean
(dashed horizontal line), median (solid horizontal line),
and 25th-75th percentiles (extremes of the box). logMAR
logarithm of the minimal angle of resolution, FMT foveal
macular thickness, PROS photoreceptor outer segment,
OFT outer foveal thickness

IVTA or laser photocoagulation, and no severe
postoperative complications such as iris neo-
vascularization or endophthalmitis occurred. A
postoperative increase in IOP was noted in one
eye, which was successfully treated with glau-
coma medication.

The mean logMAR BCVA showed significant
improvement from 0.50 £ 0.25 at baseline to
0.42+0.25 at 3 months, 0.39+0.25 at
6 months, and 0.34 + 0.26 at 12 months post-
operatively (P =0.038, P=0.012 and P <0.001,
respectively) (Fig. 2a). Three eyes had worsening
of VA, defined as a change of >0.2 logMAR units
12 months postoperatively.

The mean foveal macular thickness (FMT)
improved significantly from 526.4 &+ 120.4 um
(interquartile range, 429-618 pm) at baseline to
384.6 + 120.5 pm at 1 month, 325.2 + 100.3 pm
at 3 months, 304.1 &£102.5 yum at 6 months,
and 274.2 + 86.6 ym at 12 months postopera-
tively (P < 0.001, respectively) (Fig. 2b). Postop-
erative changes in FMT are shown in Fig. 2e. A
reduction of FMT to <250 pm occurred in 3 eyes
(8.3%) at 1 month, 5 eyes (13.9%) at 3 months,
15 eyes (41.2%) at 6 months, and 15 eyes
(41.2%) at 12 months postoperatively.

Time Course of Changes in PROS Length
and OFT

OFT decreased significantly from
46.5 £ 14.7 um at baseline to 40.2 &+ 14.4 um
1 month after surgery (P=0.017), although
OFT 3, 6, and 12 months after surgery was not
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significantly different from the baseline value
(43.3+£15.2, 45.5+13.0, and 48.6 £ 13.6 pm,
P>0.05, respectively) (Fig.2c). PROS length
1 month after surgery decreased significantly
from 31.7 + 6.9 um at baseline to 28.8 &+ 6.8 um
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(P =0.015) and that at 3 and 6 months recov-
ered to 32.9 + 9.6 um (P = 0.45 vs. baseline) and
328+ 7.1um (P=0.12 vs. baseline), respec-
tively (Fig.2d). However, PROS length
12 months after surgery increased significantly
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Table 1 Baseline patient characteristics

Baseline patient characteristics

No. of patients 30

No. of eyes 36

Age (year) 6394738

Gender, no. (%)

Male 16 (53.3)
Female 14 (46.7)

Foveal macular thickness (mean + SD, 526.4 £ 1204

pm)

logMAR BCVA (mean £ SD) 0.50 £ 0.25

Lens status
Phakic, no. (%) 30 (83.3)
Pseudophakic, no. (%) 6 (16.7)

Previous photocoagulation
Panretinal, no. (%) 28 (77.8)
Macular grid,or/and focal no. (%) 2 (5.6)

Previous sub-tenon triamcinolone 28 (77.8)

injection, no. (%)

Previous anti-VEGF injection, no. (%) 30 (83.3)
Number of injection (mean % SD) 62+32
Interval between last injection and 238+9.8
vitrectomy (mean £ SD, week)

Vitreoretinal adhesion, no. (%) 16 (44.4)

Neovasculization of disc, no. (%) 0 (0)

Neovasculization of elsewhere, no. (%) 3 (83)

8D standard deviation, logMAR logarithm of the minimal
angle of resolution, BCVA best-corrected visual acuity,
VEGF vascular endothelial growth factor

to 34.3+7.2um compared with baseline
(P =0.023).

Correlation Between SD-OCT Parameters
and BCVA at Each Time Point

Figure 3 shows correlations between FMT and
BCVA. FMT was not significantly correlated
with BCVA at any time point. OFT at 3, 6, and

12 months was significantly correlated with
BCVA at each time point (3 months: r=0.391,
P=0.012, 6months: r=0.253, P =0.035,
12 months: r=0.253, P =0.022) (Fig. 4). PROS
length at 3, 6, and 12 months was significantly
correlated with BCVA at each time point
(3 months: r=0.402, P=0.002; 6 months:
r=0437, P=0.012; 12months: r=0.49,
P <0.001) (Fig. 5).

Factors Affecting Postoperative BCVA
in Multiple Regression Analysis

In multiple regression analysis, the model with
the highest adjusted R*> was determined by
stepwise selection (adjusted R*=0.331). The
model R? for this analysis was 0.386. In this
model, PROS length had the most significant
affect on VA 6 months after surgery (P = 0.0262,

standard  regression  coefficient = —0.366)
(Table 2).
DISCUSSION

In this study, FMT was markedly reduced and
VA was significantly improved after surgery. A
marked reduction in FMT was observed in many
eyes throughout the 12-month follow-up per-
iod. Additionally, BCVA improved significantly
during the 12-month follow-up. A possible
explanation for these is that the ILM was
removed in all patients in this study. ILM
removal was suggested to have a role in the
resolution of nontractional DME by eliminating
the tangential traction force [14]. The efficacy of
ILM peeling has remained controversial in spite
of the many studies conducted. Kumagai et al.
reported that visual outcomes after ILM peeling
were better than those associated with preser-
vation of the ILM in univariate analysis [15].
The results of Dillinger and Mester indicated
that discrepancies between anatomical and
functional results after ILM removal in chronic
DME were likely caused by structural changes in
the macula due to long-standing edema [16].
However, we included patients who had pre-
served IS/OS lines in this study, meaning that
their photoreceptor damage may have been less
than in patients in the previous studies and that
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Fig. 3 Linear regression and correlation analysis of FMT with visual acuity at each time point. Spearman rank correlation
coefficient (r) and P values for the slope of the regression line are noted. FMT foveal macular thickness

such damage may be reversible. Moreover, the
effects of cataract surgery may exaggerate the
effects of vitrectomy; however, we believe that
the exaggeration was minimal because we
excluded eyes with cataract higher than grade 3.

One reason for the marked reduction in FMT
in this study may be the additional laser pho-
tocoagulation performed in all eyes. VEGF is
generally released from hypoxic or ischemic
retinas. Wessel et al. reported a significant
association between the degree of DME and
width of NPAs [17]. This suggests that retinal
ischemia is associated with the pathogenesis of
DME. Recently, targeted retinal photocoagula-
tion (TRP) has been designed to treat areas of
retinal capillary NPAs and intermediate retinal
ischemic zones in proliferative diabetic
retinopathy [18]. Takamura et al. showed the
effects of peripheral TRP of NPAs on the recur-
rence of DME after intravitreal injection of
bevacizumab (IVB) [19]. They found that TRP

not only prevented the increase in CMT but also
improved BCVA after IVB. In the current study,
the mean FMT improved significantly from
526.4 + 120.4 at baseline to 274.2 £+ 86.6 um at
12 months postoperatively.

Moreover, no eyes required additional treat-
ment. We believe that the effect of additional
laser photocoagulation contributes to the
reduction of VEGF production from ischemic
areas, which may lead to the recurrence of
macular edema. However, longer follow-up
periods are needed to assess the surgical out-
comes in eyes with DME.

We demonstrated that PROS length and OFT
were correlated with VA at 3, 6, and 12 months
postoperatively. Moreover, preoperative PROS
length was most significantly correlated with
VA 12 months postoperatively and was a potent
predictor of visual prognosis in multiple
regression analysis. Several groups reported on
prognostic factors after vitrectomy for DME,
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one of which was retinal thickness at the fovea.
Greater VA improvement occurred in eyes with
worse baseline VA [20]. Murakami et al. repor-
ted that total thickness in the nasal quadrant is
the most relevant for predicting postoperative
logMAR VA [21]. Disorganization of the retinal
inner layers is a correlated predictive biomarker
for VA which is independent of central retinal
thickness in eyes with baseline center-involved
DME [22]. Many researchers showed better
postoperative VA in patients with good baseline
vision [15, 20, 21], and our results also showed
that baseline VA was an independent factor
predicting postoperative visual outcome. How-
ever, our multiple regression analysis showed
that preoperative PROS length has a higher
correlation with visual outcome than preoper-
ative VA. This suggests that PROS length is a
better indicator of final visual outcome after
DME surgery. Forooghian et al. reported that
PROS length has a qualitative correlation with

VA in DME patients; eyes with poor VA had
shorter PROS length [23]. We also showed a
correlation between VA and PROS length, and
OFT also correlated with VA at 3, 6, and
12 months postoperatively, although the two
parameters were not correlated at baseline and
1 month postoperatively. One possible reason
for this is that most eyes had greater intraretinal
edema at earlier visits. Only 3 eyes (8.3%)
showed a reduction of FMT to <250 ym at
1 month postoperatively in contrast to 5 eyes
(13.9%) at 3 months, 15 eyes (41.2%) at
6 months, and 15 eyes (41.2%) at 12 months
postoperatively. This condition might deterio-
rate the intraretinal visual pathway. Jansson
et al. reported that mean retinal thickness was
significantly associated with the b-wave ampli-
tude of photopic single-flash and 30-Hz flicker
responses [24]. Thus, PROS length and OFT at
baseline and 1 month did not correlate with VA
due to the influence of macular edema. These

A\ Adis



Adv Ther (2017) 34:2139-2149

2147

50 - Baseline 50 -

40 - 40 -

w
o

30

1 month 50 4

Photoreceptor outer segment length (jum)

10 10
p=0012  R2=0.5083
0 T ‘ < , ; e
0 02 04 0.6 0.8 1 12 93
10gMAR BCVA

p <0.001

20 - 20
L ]
L]
L ]
10 - 10 10
p=0.068  =02001 p=0.125 R*=0.1252 p=0002 R*=0.4489
0 . 9 ‘ . L0 ; ; ‘
0 05 1 15 03 02 0.7 12 0 05 1 15
logMAR BCVA logMAR BCVA logMAR BCVA
50 -
50 - 6 month ‘ 12 month

0.7 12

02
logMAR BCVA

Fig. 5 Linear regression and correlation analysis of PROS with visual acuity at each time point. Spearman rank correlation
coefficient (r) and P values for the slope of the regression line are noted. PROS photoreceptor outer segment

Table 2 Factors affecting postoperative BCVA in multiple
regression analysis

Preoperative P value Standard regressiom
parameter cofficient

PROS length 0.0262 —0.366

OFT 0.0576 —0.288

Preoperative VA 0.0793 0.225

Overall R* = 0.386

PROS photoreceptor outer segment length, OFT outer
foveal thickness, VA4 visual acuity

results suggest that PROS length and OFT are
parameters predicting visual outcome rather
than reflecting postoperative VA after DME
surgery. Although OFT and PROS length were
estimated in similar regions, preoperative PROS
length was more strongly correlated with final
VA than was OFT. Estimation of PROS length

may be more accurate than estimation of OFT
in predicting visual function, because the visual
substance is an opsin and all-trans retinal
complex and is present in the outer segment
[21, 25]. Postoperatively, changes in PROS
length and OFT were similar over time.
Decreases in PROS length and OFT were noted
1 month after surgery, and both parameters
returned to preoperative values at 3 months.
These results suggest that the decrease in PROS
length and OFT at 1 month is caused by a
perioperative traumatic mechanism such as
postoperative inflammation or intraoperative
injury, which reflects the extent of reversible
damage to the photoreceptor layer [21].

STUDY LIMITATION

This study had certain limitations. The number
of eyes was relatively small, the study was
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retrospective, and the follow-up period was
short. The lack of a concurrent control group is
also a study weakness. DME does not occur in
isolation, and the patients’ diabetes, blood
pressure and cholesterol control and general
health all have significant impact on DME;
however, we did not analyze these. Also, mac-
ular ischemia is a very relevant piece of infor-
mation in refractory DME. However, we did not
routinely perform FA after surgery. We further
consider that microperimetry is necessary for
correlation between the morphological change
and functional change, but this was not per-
formed in the current study. These conditions
might affect the results of our study.

CONCLUSION

In summary, our study results suggest that
vitrectomy combined with ILM peeling and
additional laser photocoagulation therapy is
useful for DME patients to maintain VA and
foveal structures. The efficacy of vitrectomy
compared with other therapies in the man-
agement of DME remains uncertain as the
potential benefits and risks have not been
clearly defined. Recently, anti-VEGF therapy
for DME has begun to become established in
many parts of the world. However, many
patients are burdened by the repeated injec-
tions. Further controlled studies with longer
follow-up durations are needed to evaluate the
surgical outcomes in eyes with DME in the era
of anti-VEGF therapy. However, we believe that
early surgical intervention may be helpful for
eyes with chronic DME persisting after other
forms of treatment. We demonstrated that
PROS length is a potent predictor of visual
outcome in patients with DME. However,
PROS length cannot explain all the variation in
VA, and other factors such as macular ischemia
and retinal cell function may also be
important.
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