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Abstract

Background To evaluate the role of preoperative optical
coherence tomography (OCT), multifocal electroretinogra-
phy (mfERG), and fluorescein angiography (FA) as prog-
nostic factors for vision after pars plana vitrectomy (PPV)
in diabetic macular edema (DME).

Methods Thirty-five eyes of 34 patients who underwent
PPV were retrospectively reviewed. Best-corrected visual
acuity (VA) was measured at baseline, and at 3, 6, and
9 months after surgery. Patients were categorized into two
groups according to the final VA. Group 1 consisted of eyes
with 0.2 or more logMAR lines of visual recovery, the rest
of the eyes being placed in group 2. Preoperative FA
findings, central macular thickness and mfERG responses
at the central macula were evaluated to determine their
effect on visual outcome.

Results Eighteen eyes showed improved VA after PPV, and
were classified into group 1. Seventeen eyes were placed in
group 2. The presence of macular ischemia did not affect
the postoperative visual outcome between the groups,
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although a trend was noted toward macular ischemia with
delayed implicit time. P1 implicit time at the central seven
hexagons (eccentricity of 0-5°) was the only statistically
significant factor predicting unfavorable visual outcome.
There was significantly delayed implicit time in group 2
patients compared with those of group 1. MfERG responses
at other retinal eccentricities and central macular thickness
did not show significant association with visual prognosis.
Conclusions Preoperative mfERG parameters, especially
the implicit time, can be useful indicators for predicting
functional visual prognosis after PPV in DME.

Keywords Diabetic macular edema - Implicit time -
Multifocal electroretinography - Pars plana vitrectomy

Introduction

Diabetic macular edema (DME) is a main cause of visual
impairment in patients with diabetic retinopathy [1, 2]. The
condition is characterized by increased vascular permeabil-
ity and the deposition of hard exudates in the central retina.
Recently, many reports have suggested that pars plana
vitrectomy (PPV) might be effective in patients refractory
to conventional focal or grid laser macular photocoagula-
tion [3—13]. These studies have shown a significant improve-
ment in vision, and reduction of central macular thickness
measured by optical coherence tomography (OCT).
Multifocal electroretinography (mfERG) is an objective
test which assesses the electrical response in discrete
portions of the central 40° of vision. The technique allows
simultaneous measurement of multiple retinal responses at
different locations, and provides a topographic mapping of
retinal function. Previous studies have described changes of
mfERG values in eyes with DME, and showed that mfERG
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could be used as an objective criterion for evaluation of
DME [14-16].

In the present study, we obtained preoperative mfERG
data, central macular thickness measured by OCT and FA
findings of macular ischemia in patients with DME, and
investigated the relationship between these parameters and
postoperative visual acuity (VA) to verify their prognostic
values.

Methods

Thirty-four consecutive patients (35 eyes) with macular
edema caused by diabetic retinopathy underwent PPV at the
Yonsei University Eye and ENT Hospital Vitreoretinal
Service (Seoul, Korea) between June 2005 and January
2008. This study was approved by the Yonsei University
Hospital Institutional Review Board responsible for re-
search involving human subjects. Informed consent was
obtained from each participant after the nature and possible
consequences of the procedure had been explained.

Patients were included in the study if they had: (1)
diffuse macular edema with attached posterior hyaloid
caused by diabetic retinopathy as documented by slit-lamp
biomicroscopy with contact lens, and diffuse fluorescein
leakage on angiography, (2) a best-corrected visual acuity
(BCVA) on the logMAR scale of >0.52 (Snellen equivalent
<20/70), and (3) a minimum follow-up period of 9 months.
Exclusion criteria were: (1) a thickened and taut vitreous
membrane or posterior vitreous detachment diagnosed by
OCT or the presence of a Weiss ring, (2) cataract surgery or
intravitreal triamcinolone injection within 6 months before
surgery, (3) laser treatment including panretinal photocoag-
ulation, grid macular photocoagulation, or posterior capsu-
lotomy, within 6 months before surgery, or (4) presence of
ocular conditions including vitreous hemorrhage, preretinal
hemorrhage, or tractional retinal detachment.

A complete ophthalmic examination including VA
measurement, slit-lamp biomicroscopy using a 90+ diopter
noncontact lens, fluorescein angiography, and color fundus
photography was performed on every patient at baseline,
and 3 months, 6 months, and 9 months after surgery. OCT
and mfERG data were recorded before surgery. A standard
Snellen VA chart was employed to measure BCVA at each
examination. For statistical analysis, BCVA measurements
were converted to the logMAR scale.

All mfERG data were recorded using the RETI
scan multifocal system (Roland Consult, Brandenburg,
Germany). Stimulation and recording of mfERG responses
were performed using the m-sequence technique according
to ISCEV guidelines [17]. The stimulus, consisting of 103
hexagons covering a visual field of 30°, was presented at a
frame rate of 75 Hz on a monitor 24 cm from the patient’s

@ Springer

eye. The luminance (97% contrast; mean luminance
61.8 cd/m?) of each hexagon independently alternated
between black and white. The amplifier gain was set at
100,000, the lower cutoff frequency was 5 Hz, and the
upper frequency 100 Hz. After maximum dilation of the
pupil, contact lens ERG-JET electrodes were applied to
the topically anesthetized cornea with one ground electrode
in the forehead and two temporal reference electrodes. The
eyes were optically corrected for near vision in order to see
clearly the small fixation spot in the center of the stimulus
matrix. For patients with poor vision such as those in this
study, a spoke-shaped (filled cross) fixation target was used,
and the patients were instructed to fixate at the intersection
of the spokes.

The first-order component of mfERG was analyzed, with
reference to the mean response density of P1 amplitude
(amplitude per unit of retinal area [nV/deg?]) and the mean
implicit time (in milliseconds). The amplitude and implicit
time from three different retinal eccentricities (0-5°, 5-10°
and 10-15°) were analyzed. The central macular responses
at an eccentricity of 0-5° were calculated by averaging
individual responses of the central seven hexagons, ring 1
and ring 2. Other mfERG responses at an eccentricity of
5-10° and 10-15° were obtained from the data of ring 3
and 4, respectively.

The degree of macular ischemia was assessed on
preoperative FA by an independent masked retinal specialist.
In the evaluation of macular perfusion, broken perifoveal
capillary rings >50% at the borders of the foveal avascular
zones were classified as ischemic macula. Patients in the
non-ischemic group lacked the sign of macular ischemia
described above.

OCT was performed on every patient using a third-
generation instrument (OCT3; Stratus Zeiss Humphrey, San
Leandro, CA, USA). After dilation of the pupil, the macula
was scanned in the horizontal and vertical meridians using
the standard, linear crosshair pattern, with a scan length
of 6 mm centered through the fovea, as determined by
simultaneous evaluation of the red-free image on the
computer monitor of the OCT scanner. The central macular
thickness was measured manually in all scans, using the
caliper tool built into the OCT software.

The surgical technique was standard three-port PPV. All
operations were performed by a single surgeon (HJK). In all
eyes, the posterior hyaloid membrane was separated from the
retinal surface by applying suction from the vitreous cutter.
For internal limiting membrane (ILM) peeling, 0.25% (w/v)
indocyanine green was initially applied, with 15 seconds of
contact time. When the ILM became stained, the ILM was
cautiously peeled from the macula using a microvitreoretinal
blade and intraocular forceps. An intravitreal injection of
4 mg/0.1 ml triamcinolone acetonide (40 mg/ml; Tamceton®;
Hanall Pharmaceutical, Seoul, Korea) was always performed
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at the end of surgery. In patients with mild cataracts,  Table 1 Baseline characteristics

phacoeml.llmﬁcatlon of the lens Wlth posterior chamber lens ;..\ Group 1: Group 2: P
implantation was performed during PPV. favorable unfavorable value

In this study, the “group 1: favorable outcome” eyes
included those in which VA improved by more than 0.2
logMAR lines, and the “group 2: unfavorable outcome”
eyes showed less than 0.2 logMAR lines of improvement or
worsened from baseline at the 9-month follow-up visit.
Normal distribution was confirmed with histogram, quantile-
quantile plot and Kolmogorov—Smirmov method. Baseline
demographic and clinical parameters were compared be-
tween the two groups.

Statistical analysis was performed by using SPSS®
Version 17.0 (SPSS Inc., Chicago, IL, USA) on a Windows
platform. Numerical variables were subjected to an inde-
pendent sample Student’s #-test, and categorical variables
were analyzed by chi-square or Fisher’s exact tests to
ensure comparability. Univariate and multiple variable
logistic regression analysis were used for elucidating the
independent influence of each potential factor like age, sex,
lens status, diabetic retinopathy status, macular ischemia,
preoperative VA, macular thickness, and mfERG responses
on unfavorable visual outcome after surgery. Receiver
operator characteristics (ROC) curve analysis was per-
formed to find the optimal implicit time which predicts
postoperative visual prognosis based on the improvement
of 0.2 logMAR lines. Accuracy was determined by the area
under the ROC curve (AUC), which was calculated with
the 95% confidence intervals. In all tests, P< 0.05 was
considered to be significant.

Results

A total of 35 eyes of 34 patients who completed at least
9 months of follow-up after PPV were included in the study.
Of the 35 eyes, 18 eyes (51%) were classified into group 1,
and 17 eyes were group 2. Baseline characteristics for both
groups are listed in Table 1. There were no statistically
significant differences in age, gender, retinopathy status,
number of previous interventions, macular ischemia, lens
status, or VA between the two groups. FA revealed that
seven eyes (39%) in group 1 and eight eyes (47%) in group
2 had macular ischemia. The proportion of macular ischemia
was not significantly different between the groups. All
patients were treated with standard PPV and ILM peeling,
without any intraoperative complications. Combined cataract
surgery was performed in 22 (63%) of 35 eyes. No serious
vision-threatening complications such as vitreous hemor-
rhage, retinal detachment, sclera perforation, or infectious
endophthalmitis were found during the follow-up period.
The baseline logMAR of VA (mean + SD) was 1.154+0.38
in group 1 and 0.93£0.40 in group 2 (P= 0.10, Student’s

outcome (n=18) outcome (n=17)

Age, year (range)  58.5+8.0 (38-68)  60.4+7.9 (45-75) 0.5

Gender: n (%) 0.21°
Male 9 (50) 5(29)
Female 9 (50) 12 (71)

HTN (%) 12 (67) 9 (53) 0.41°

FA finding: n (%) 0.74°
Ischemia 7 (39) 8 (47)
Non-ischemia 11 (61) 9 (53)

Status of DR: 1 (%) 0.23°
PDR 14 (78) 10 (59)
NPDR 4 (22) 7 (41)

Lens: 1 (%) 0.93°
Phakic 14 (78) 13 (76)
Pseudophakic 4 (22) 4 (24)

Previous grid laser photocoagulation: n (%) 0.53°
Yes 15 (83) 15 (88)
No 3(17) 2 (12)

Previous IVTA injection: n (%) 0.62°
Yes 10 (56) 8 (47)
No 8 (44) 9 (53)

Previous Avastin injection: n (%) 0.32°
Yes 4(22) 6 (35)
No 14 (78) 11 (65)

Concomitant cataract surgery: n (%) 0.83°
Yes 11 (61) 11 (65)
No 7 (39) 6 (35)

Visual acuity 1.15+0.38 0.93+0.40 0.10*
(logMAR)
mean + SD

HTN = hypertension; FA = fluorescein angiography; DR = diabetic
retinopathy; PDR = proliferative diabetic retinopathy; NPDR =
nonproliferative diabetic retinopathy; IVTA = intravitreal triamcinolone
acetonide; logMAR = logarithm of the minimum angle of resolution

*Student’s #test, ® Chi-square and Fisher’s exact test

Values given as means * standard deviation.

t-test). Figure 1 and Table 2 present the changes in logMAR
of VA between baseline, 3 months, 6 months, and 9 months
after surgery. Within each group, pairwise comparisons
revealed a significant improvement in logMAR of VA at
six and nine months in group 1 (P <0.001), whereas group 2
showed a significant VA change between all time-points
(P <0.05). Between-group comparisons showed a significant
difference in logMAR of VA change from baseline at only
9 months after treatment (P= 0.015).

Mean preoperative P1 amplitude and implicit time with
odds ratio in relation to unfavorable visual outcome are
shown in Table 3. The P1 amplitude (mean + SD) at the

@ Springer



1390

Graefes Arch Clin Exp Ophthalmol (2010) 248:1387-1393

18

16

14

12 1\

08 + ~
06

0.4

Visual acuity (logMAR)

0.2

] T T T 1
0 3 6 9

Time (months)

=—4=—Group 1 Group 2

Fig. 1 Changes of visual acuity after surgical treatment. Significant
improvements in logMAR of visual acuity were noted in group 1 at
6 and 9 months postoperatively, and group 2 showed significant
differences from baseline at every follow-up visit

central seven hexagons, representing an eccentricity of 0—
5°, was 32.29+14.57 nV/deg® in group 1 and 24.97+
17.48 nV/deg” in group 2. The P1 implicit time (mean +
SD) at an eccentricity of 0—5° was 42.61+3.31 milliseconds
in group 1 and 45.32+3.03 milliseconds in group 2. After
multivariate analysis, the only statistically significant factor
predictive of unfavorable visual outcome was P1 implicit
time at an eccentricity of 0—5° (P=0.023), with borderline
association with implicit time at an eccentricity of 5-10°
(P=0.051). Factors that showed no significant association
included P1 implicit time at an eccentricity of 10—15° and
P1 amplitude. The central macular thickness (mean + SD)
was 474.7+£110.9 pm in group 1 and 499.8+100.2 pm in
group 2. No significant association between macular
thickness and visual outcome was observed (P=0.391).
Table 4 presents mfERG responses for ischemic and
non-ischemic macula. FA showed that 15 eyes had macular
ischemia and 20 eyes had non-ischemic macula. The P1
implicit time was 45.47+3.55 milliseconds in the ischemic
group and 42.77+2.88 milliseconds in the non-ischemic

group. The implicit time was significantly delayed in the
ischemic group (P= 0.023). There was a tendency toward
decreased amplitude in ischemic macula, but no significant
difference of amplitude was noted (P= 0.071).

A correlation between preoperative VA and baseline
central macular thickness was observed. There was a
significant correlation with a coefficient of determination
() of 0.16. The slope of the best fit line was approximately
0.1 logMAR of improved VA for every 100 um decrease in
central macular thickness. However, there was no signifi-
cant correlation between preoperative central macular
thickness and mfERG responses. Youden index and ROC
curve analysis were performed to investigate the specific
implicit time for prediction of visual prognosis. Figure 2
demonstrates an AUC of 0.820 and implicit time of 43.40
milliseconds as the cut-off value which best discriminates
the unfavorable visual outcome group with a sensitivity of
94% and specificity of 71%.

Discussion

Among various interventions for DME that is unresponsive
to laser treatment, PPV has shown promising results in recent
studies [3—13]. Our previous work on DME patients showed
that PPV with ILM peeling was of greater benefit than
intravitreal triamcinolone injection [13]. In the cited study,
improvement in VA and macular thickness was sustained
to 6 months after surgery. However, in some patients, a
significant reduction of macular thickness as measured by
OCT did not consistently correlate with improvement of VA
[18, 19]. Kumar and colleagues reported that visual
improvement after PPV in DME patients was limited, despite
a reduction in macular thickness [18].

mfERG is a technique assessing the local ERG from
different regions of the posterior retina. Many authors have
reported postoperative changes after PPV on DME patients
in the morphology and function of the macula, using OCT

Table 2 Changes in logMAR of visual acuity between group 1 and group 2

Time points Group 1: favorable outcome (n=18) Group 2: unfavorable outcome (n=17) P value®
(months)
Mean + SD P value* Change vs Mean + SD P value* Change vs
baseline + SD baseline = SD
logMAR VA baseline 1.15+0.38 0.93+0.40

3 1.04+0.60 0.313* —0.12+0.48° 1.22+0.49 0.009* 0.29+0.41 0.832°
6 0.73+0.35 <0.001* —0.42+0.33° 1.11+0.42 0.034* 0.18+0.31 0.083°
9 0.62+0.32 <0.001* —0.54+0.32° 1.18+0.42 0.006* 0.25+0.33 0.015°

logMAR = logarithm of the minimum angle of resolution; VA = visual acuity; SD = standard deviation

 Baseline vs follow up measures within each group; paired #-test

® Favorable vs unfavorable outcome group comparing changes of visual acuity from baseline values; Student's #-test

@ Springer



Graefes Arch Clin Exp Ophthalmol (2010) 248:1387-1393

1391

Table 3 Results for preoperative mfERG values and retinal thickness at different retinal eccentricities between group 1 and group 2, and odds

ratio for each factor in relation to unfavorable visual outcome group

Eccentricity Eccentricity Eccentricity
0-5° 5-10° 10-15°
mfERG OCT mfERG mfERG
P1 amplitude +  P1 implicit Macular P1 amplitude £  P1 implicit P1 amplitude £+  P1 implicit
SD (nV/deg?) time + SD (ms)  thickness + SD (nV/deg?) time + SD (ms)  SD (nV/deg?) time + SD (ms)
SD (um)
Group 1 32.29+14.57 42.61+£3.31 474.7+110.9  18.53+8.89 41.34+2.70 14.11+7.24 40.32+2.77
(n=18)
Group 2 24.97+17.48 45.32+3.03 499.8+100.2  15.21+11.59 42.90+2.19 11.76+8.45 41.29+1.96
(n=17)
OR 0.91 2.87 1.01 1.20 2.02 0.80 0.60
(95% CI)  (0.78-1.05) (1.16-7.15) (0.99-1.03) (0.81-1.78) (1.00-4.08) (0.50-1.27) (0.30-1.23)
P value 0.202 0.023* 0.391 0.355 0.051 0.344 0.163

Based on multiple logistic regression models adjusting for potential confounders.

mfERG = multifocal electroretinography; OCT = optical coherence topography; SD = standard deviation; OR = odds ratio; CI = confidence interval

Factors with significance at the <0.05 level are shown with asterisk.

and mfERG [14-16]. Yamamoto and co-workers also
showed that mfERG provided additional evidence of im-
proved physiological function of the macula, and of the
safety of PPV [16].

In the present study, we sought to identify factors
affecting visual prognosis after PPV, using mfERG param-
eters between favorable and unfavorable VA groups. This
result would provide appropriate indications of PPV by
detecting patients on whom surgery should not be per-
formed because any benefit was unlikely. Patients were
categorized by change in VA at the 9-month follow-up, in
comparison with baseline values, and preoperative mfERG
data at three different retinal eccentricities were analyzed
to determine whether they could be used as a prognostic
factor. We also investigated mfERG responses in correla-
tion with macular ischemia or non-ischemia defined by FA.

Our most important finding was that delayed P1 implicit
time at the central fovea was found to be the only factor
strongly predictive of unfavorable visual outcome. Accord-
ing to the multiple logistic regression analysis, the patients
with DME who showed relatively delayed implicit time
preoperatively tended to have poor visual outcome after
surgery (OR: 2.87; 95% CI: 1.16-7.15). However, central
macular thickness and mfERG responses at an eccentricity

of 5-15° did not show significant associations with post-
operative visual outcome. The implicit time at an eccen-
tricity of 5-10° had a weak predictive value, but it was not
statistically significant. This suggests that preoperative
implicit time at the central macula could be used to predict
postoperative visual outcome, and may be a very sensitive
method for measuring macular function. This is consistent
with data of a previous report which demonstrated that
delayed implicit timing changes were observed in a large
area of the retina in DME patients, whereas amplitude
changes were not [20].

Bearse and colleagues considered that this might be
attributable to the lower intersubject variability found for
local implicit times. This provides smaller confidence inter-
vals than for those obtained for local mfERG amplitudes,
which thus require a larger relative deviation from normal
to reach statistical significance [21]. A few studies on the
relationship between implicit time and amplitude in early-
stage diabetic retinopathy (DR) patients have appeared [22,
23]. It is known that the primary generators of mfERG
signal, the outer plexiform layer and the bipolar cells, are
the first to be damaged, but are not completely silenced in
early-stage DR. Previous histopathologic study has shown
that macular edema usually develops at the inner retinal

Table 4 Comparison of mfERG
responses for ischemic and
non-ischemic macula

mfERG (eccentricity of 0-5°)

Macular fluorescein angiography

mfERG = multifocal electroreti-
nogram; SD = standard deviation

 Student's #-test

Ischemic (n=15) Non-ischemic (n=20) P value
P1 amplitude + SD (nV/deg?) 23.34+11.42 32.78+18.32 0.071*
P1 implicit time + SD (ms) 45.47+3.55 42.77+2.88 0.023%
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Fig. 2 Receiver operating characteristic curve (ROC) analysis shows
that an area under the ROC curve (AUC) of 0.820 and implicit time of
43.40 ms discriminates visual prognosis with a sensitivity of 94% and
specificity of 71%

layer (from the outer plexiform layer to the nerve fiber
layer) and causes pathologic change such as necrosis in
Miiller cells [24]. We would thus expect that local retinal
responses yielding mfERG signals might be significantly
delayed, also in DME patients, but without definite ab-
normalities of amplitude.

There was a significant correlation between delayed
implicit time and macular ischemia. This finding recon-
firmed that implicit time is more sensitive than amplitude to
vascular ischemia as well as DME. Similarly, Hvarfner and
colleagues showed that macular ischemia correlated well
with the prolonged implicit time of mfERG in retinal vein
occlusion [25]. When we categorized patients to groups 1
and 2 by improvement of VA and evaluated the effect of
macular ischemia, the presence of macular ischemia did not
have significant influence on postoperative visual outcome.
The number of macular ischemia cases was almost the
same, seven eyes (39%) in group 1 and eight eyes in group
2 (47%). Also, this angiographic finding was not a
significant prognostic factor for predicting the unfavorable
outcome after multiple logistic regression analysis. There-
fore, we can consider that mfERG responses probably
predict postoperative visual prognosis better than macular
ischemia documented by FA.

In our study, PPV led to visual improvement of 2 or
more lines in 51% (18/35) of DME patients. This is similar
to the results of other larger studies, that showed a
functional benefit in approximately 50% of patients [3, 8,
11, 12]. Group 2 patients had a somewhat worse VA at
baseline than did those of group 1, but the difference
was not significant. Preoperative central macular thickness
at an eccentricity of 0-5° did not show any significant
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between-group difference, although the macula was slightly
thicker in patients of group 2. Preoperative macular thick-
ness measured by OCT was of no prognostic value in
prediction of visual outcome after surgery. This suggests
that macular thickness is just one of several variables that
can be used to evaluate the complex macular function.

The correlation of macular thickness measured by OCT
with VA before the surgery was significant but modest (=
0.40), showing that retinal thickness accounts for only 16%
of the variability in concurrently measured VA. This is
similar to those of previous reported studies which indicate
that OCT cannot be a good surrogate for VA assessment in
DME patients [26, 27]. Browning et al. analyzed data from
the Diabetic Retinopathy Clinical Research Network
(DRCR network) randomized trial and showed that OCT-
based assessment of DME did not explain additional
variation in baseline VA [28]. No correlation was found
between macular thickness and mfERG responses at an
eccentricity of 0—5°. One possible explanation might be that
the central macular thickness measured by OCT could not
reflect the ischemic component of macula accurately in
DME. Recently developed spectral domain OCT would be
useful to evaluate more detailed structures of DME by
identifying the individual retinal layer. The critical cut-off
value of implicit time for predicting postoperative unfavor-
able visual outcome was 43.40 milliseconds. This result
means that the visual outcome after surgery would be
relatively poor when preoperative implicit time is delayed
more than 43.40 milliseconds. It is noteworthy that an
attempt was made to identify a specific value of implicit
time. This might be another useful surgical indication to the
retinal specialists whether to perform the surgical treatment
in DME patients. However, it is true that to quantify
and establish a specific implicit time can be limited by the
small sample size and lack of the control data in our
current study.

Combined cataract surgeries were performed on 11 eyes
(61% and 65%) in each group, and the lens status or
number of cataract surgery was not significantly different at
baseline. Patients with severe cataracts were not included in
this study. After all, the influence of concomitant cataract
surgery on the visual outcome will be minimal. There could
be another problem about the possibility of cataract
progression after surgery in the case of phakic eyes.
However, Hutton and co-workers showed that 37% of
patients developed significant cataract progression over 16—
108 months after surgery, and Smiddy and associates
reported a relatively lower rate of cataract formation [29,
30]. Thus, progression of cataract during the 9-month
follow-up period would not affect postoperative visual
outcome.

The most important limitation of this study may be the
retrospective design with no normal control mfERG values.
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It is well-known that using relative values of mfERG to the
normal control data is more appropriate because uncon-
trolled confounding factors may influence the mfERG
values, and measurement of mfERG has a characteristic of
inter-individual variation to some degree. Also, there could
be a flaw about using the Snellen chart, due to inaccuracy
in measuring low vision range and its property of no
geometric progression of letters, although we converted
Snellen VA to the logMAR scale. Therefore, further
investigations in a larger group with normal control group
will be necessary to apply these results in practice.

In conclusion, this study showed that 18 (51%) of 35
eyes of patients with DME experienced visual improvement
after surgery. Between-group comparisons showed that
preoperative mfERG parameter, especially P1 implicit time
at the central fovea, was more useful than amplitude for
predicting unfavorable visual outcome after PPV. However,
central macular thickness measured by OCT did not differ
significantly between the two groups. Thus, these findings
would provide a proper indication of PPV for patients with
DME who are likely to benefit from surgery.
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