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ABSTRACT

Background/aims To evaluate the electroretinographic
(ERG) changes in the early postoperative period
following glaucoma filtration surgery, and its relationship
with choroidal detachment (CD).

Methods This retrospective observational single-
centre study included 57 consecutive patients with
primary open-angle glaucoma who underwent unilateral
glaucoma filtration surgery. The patients were divided
into two groups according to the presence or absence of
CD. ERG components, including the photopic negative
response (PhNR), a-wave and b-wave were compared
before and after surgery using skin electrodes.

Results There were 46 patients in the non-CD group
and 11 in the CD group. ERG was recorded within
5.1(2.1to 8.1) (mean (95% Cl)) days after surgery.

In the non-CD group, the PhNR amplitude, PhNR/b-
wave amplitude ratio and PhNR implicit time improved
significantly after surgery (p=0.008, 0.002 and 0.039,
respectively). In the CD group, the amplitude of the
PhNR, a-wave and b-wave were significantly deteriorated
after surgery (p=0.002, 0.001 and 0.001, respectively).
Postoperative intraocular pressure (IOP) (p=0.031) and
postoperative CD (p<0.001) were significantly associated
with change in the PhNR amplitude in the univariate
models. In the multivariate analysis, severe CD (stage 3)
cases tended to be deteriorated more.

Conclusion Even in the early postoperative period
within several days, the PhANR amplitude increased with
IOP lowering following filtration surgery in the absence
of CD. The presence of CD may arrest the improvement
of the retinal ganglion cell function. The present results
enhance understanding the structural and functional
recovery after glaucoma surgery and the role of
postoperative CD.

INTRODUCTION

Glaucoma, an irreversible disease, is characterised
by the loss of retinal ganglion cells (RGCs) and their
axons in the retina, with progressive optic-nerve
damage and characteristic visual-field defects.' * It
is the second most common cause of preventable
blindness in the world.? In 2020, 3.6 million people
over the age of 50 worldwide lost their vision
because of glaucoma.* Visual-field loss typically
becomes detectable only after a large number of
RGCs are lost.” RGC damage can be detected by
measuring retinal nerve fibre layer (RNFL) thick-
ness using optical coherence tomography (OCT) to
capture morphological changes in the early stages

," Robert Weinreb,” Yozo Miyake,? Yuji Yoshikawa,”

Key Message

What is already known on this topic

= Electrophysiological assessment of eyes with
choroidal detachment, a common postoperative
change of glaucoma surgery, has not been
reported previously.

What this study adds

= In the absence of choroidal detachment, rapid
functional improvement was observed in the
first, second and third order retinal neurons
within several days of glaucoma filtration

surgery.

How this study might affect research, practice

or policy

= The results of this study enhance understanding
the structural and functional recovery after
glaucoma surgery and the role of postoperative
choroidal detachment.

of glaucoma.® The reversibility of some glaucoma-
related changes, such as optic disc cupping, lamina
cribrosa displacement,” vessel density and ocular
blood flow,® following intraocular pressure (IOP)
reduction in patients with glaucoma has been
reported.

The photopic negative response (PhNR), an elec-
troretinographic (ERG) component, is an objec-
tive parameter that can be used to estimate RGC
function.® ? It consists of a slow negative wave
that follows the positive b-wave of the ERG and
is derived from the inner retinal layers, specifically
the RGC layer.® The PhNR amplitude and PhNR/b--
wave ratio, defined as PhNR divided by the b-wave,
have been reported to worsen in glaucoma.®’

Investigations of the function of RGCs*™'? as well
as of their microstructure® ' '* have contributed to
the understanding and diagnosis of the pathophys-
iology of glaucoma. Interestingly, several studies
have shown that the PhNR amplitude is signifi-
cantly lower in glaucomatous eyes than in normal
eyes.® ° Niyadurupola et a/'® and Tang et al
reported that lowering the IOP led to electrophysi-
ological RGC improvement. These studies reported
improvements in PhNR in ocular hypertension and
glaucoma after several months of IOP-lowering
treatments, including eye-drops, laser therapy and
surgery. However, there is no information on how
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early this functional RGC improvement occurs after IOP reduc-
tion following glaucoma filtration surgery. Further, there has
been no electrophysiological assessment of eyes that developed
choroidal detachment (CD), a common postoperative change of
glaucoma surgery.'* '

In this study, we evaluated RGC function in the early post-
operative period in glaucomatous eyes undergoing filtration
surgery using full-field ERG and skin electrodes. Further, we
compared these changes in eyes with and without CD.

METHODS

Study enrolment and participants

Patients who underwent glaucoma filtration surgery and
preoperative and postoperative ERG recordings at Saitama
Medical University Hospital between September 2020 and
June 2021 were included. All patients underwent a compre-
hensive pre-and postoperative ophthalmologic examination,
including visual acuity testing, a slit-lamp biomicroscopy and
IOP measurement with Goldman applanation tonometry. The
most recent preoperative values were used to assess visual
acuity. Visual-field tests were performed within 3 months
preoperatively. Standard automated perimetry was performed
with the Humphrey Field Analyzer (Carl Zeiss Meditec, Jena,
Germany) using the 24-2 Swedish Interactive Thresholding
Algorithm standard threshold. We measured the axial length
(AL) and central corneal thickness (CCT) (Optical Biometer
0OA-2000, Tomey, Nagoya, Japan) within 3 months preop-
eratively. All participants underwent cross-sectional imaging
to measure the circumpapillary RNFL thickness at each visit
using spectral domain OCT (Spectralis OCT, Heidelberg
Engineering, Heidelberg, Germany).

Glaucoma was diagnosed based on: (1) glaucomatous changes
in the optic nerve head (ONH) observed with fundus photog-
raphy, such as a vertical cup-to-disc ratio =0.7, rim notch with a
rim width <0.1 and/or an RNFL defect (with its edge at the ONH
margin greater than that at a major retinal vessel) diverging in
an arcuate or wedge shape; (2) glaucomatous visual field defects
that met at least one of the Anderson-Patella criteria, that is,
a cluster of =3 points in the pattern deviation plot in a single
hemifield (superior/inferior) with p<0.05, one of which must
have been p<0.01; a glaucoma hemifield test result outside the
normal limits, or an abnormal pattern deviation with p<0.05."
The included patients had manifest glaucoma deemed to require
glaucoma surgery owing to high IOP or evidence of progression

Recruited

74 eyes

in the visual field. All glaucoma subtypes and treatment modal-
ities were included. Patients with visual acuity =20/200 were
included in the study, whereas those with diabetic retinopathy,
and insufficient ERG quality (described in detail below) were
excluded. No exclusion criteria were applied for AL, refractive
errors, CCT or past ocular surgery history if the patients fulfilled
the inclusion criteria. The patients were divided into two groups
according to the presence or absence of CD after glaucoma
filtration surgery. The presence of CD and CD grading were
determined using ultra-widefield fundus photography (Cali-
fornia, Nikon, Tokyo, Japan) and grading criteria as previously
reported.'”

Full-field ERG recording

Full-field ERG was recorded using the RETeval system (LKC
Technologies, Gaithersburg, MD; Welch Allyn, Skaneateles
Falls, New York, USA), a portable ERG device that uses skin elec-
trodes. The pupils were dilated with topical 0.5% tropicamide
and 0.5% phenylephrine hydrochloride. The patient adapted
to the background light prior to testing. Sensor strips of skin
electrodes were carefully placed 2mm below the lower eyelid
margin after cleaning the skin with an 80% ethanol-impregnated
solution and connected to a lead wire. The stimuli consisted of a
red flashing light (intensity of 1.0 cd-s/m?, stimulus duration of 4
ms) on a stable blue background light (10 cd/m?). Two hundred
flashes were delivered at a frequency of 3.4 Hz, which has been
reported to achieve a good balance between testing time and
signal quality.'® Signal acquisition was performed at a sampling
frequency of 2 kHz.

The recording time was 220ms, including 100ms of
prestimulus recordings. The implicit times and amplitudes
of the ERGs were automatically analysed using the software
integrated into the RETeval system. The a-wave amplitude
was measured from the average pre-stimulus mean baseline
to the a-wave trough. The b-wave amplitude was measured
from the a-wave trough to the b-wave peak; the a-wave and
b-wave peak times were measured from the time of the flash
to the peak of the wave.'” The PhANR was selected as the most
negative trough appearing behind the b-wave according to
the standard of the International Society for Clinical Elec-
trophysiology of Vision.® Its amplitude can be measured in
various ways; in this study, it was measured from the b-wave
peak to the PhNR trough (PT) (as shown in online supple-
mental figure 1). We also analysed the PT/b-wave amplitude

T

69 eyes 5eyes Excluded, Poor Visual Acuity
64 eyes 5 eyes Excluded, Diabetic Retinopathy and Vision-Related Diseases
57 eyes 7 eyes Excluded, Insufficient Full-field ERG Quality
Preoperative measurement 3 eyes
/ \ Postoperative measurement 2 eyes
Both pre- and postoperative measurements 2 eyes
46 eyes 11 eyes
CD group Non-CD group
Figure 1  Flow diagram of study patients. CD, choroidal detachment; ERG, electroretinography.
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Table 1 Patientcharacteristics

Variables Non-CD group CD group P value
Patients, eyes 46 11
Gender (female/male), n (%) 19 (41.3)/27 (58.7) 3(27.3)/8 (72.7) 0.502
Age, mean (quartile), years 70.5 (63.3, 79.0) 73.0 (72.0, 76.5) 0.287
Preoperative BCVA, mean (95% Cl), log MAR 0.13 (0.05 to 0.21) 0.29 (0.03 to 0.55) 0.197
I0P, mean (95% Cl), mm Hg
Preoperative |OP 19.3 (17.5t0 21.1) 20.1 (15.6 to 24.6) 0.729
Postoperative I0P 9.7 (8.6 10 10.7) 6.4 (4.6 t08.1) 0.003*
Preoperative MD (24-2), mean (95%Cl), dB -19.7 (-22.2 t0 -17.3) —18.4 (-24.0to -12.7) 0.627
Preoperative RNFL thickness, mean (95% Cl), pm 49.5 (45.3 t0 53.6) 53.9 (40.3 t0 67.5) 0.494
Periods between surgery and ERG recordings (mean=SD (range)), days 49+2.7 (1to 11) 5.8+3.5 (2 to 14) 0.429
Glaucoma subtype, n (%)
POAG 39 (84.8) 7 (63.6) 0.207
NTG 2(4.3) 2(18.2)
PACG 1Q2.2) 0(0)
PXFG 3 (6.5) 2(18.2)
Unidentified 1(2.2) 0 (0)
Type of glaucoma surgery, n (%)
Trabeculectomy 25 (54.3) (63.6) 0.739
Ex-press 21 (45.7) (36.4)
Glaucoma surgery combined with or without cataract surgery, n (%)
Glaucoma surgery alone 21 (45.7) 3(27.3) 0.326
Combined surgery 25 (54.3) 8(72.7)
Central corneal tickness, ym 513 (508 to 518) 516 (479 to 552) 0.767
Axial length, mm 25.1 (24.6 t0 25.7) 24.6 (23.6 to 25.6) 0.405
Past cataract surgery history, n (%) 10 (22.2) 3(27.2) 0.700
Past glaucoma surgical history, n (%) 4(8.7) 1(9.0) 1.000
Past vitrectomy history, n (%) 2(43) 0(0) 1.000
Past cerebrovascular event, n (%) 3 (6.5) 0(0) 1.000
Self-reported hypertension, n (%) 14 (30.4) 5 (45.5) 0.478
Self-reported diabetes, n (%) 8(17.4) 4(36.4) 0.196
Change in IOP, mm Hg 9.6 (7.5t011.7) 13.7(9.3t0 18.2) 0.088
Choroidal detachment grading, n (%)
Grade 1 n.a. 2(18.2)
Grade 2 5 (45.5)
Grade 3 4(36.4)

Between-group comparisons were performed with Student’s t-test for all parameters. Fisher's exact test was only used for glaucoma subtype and surgery. Data are presented as mean (95% Cl),

except for age, which is presented as the median (quartile).
*P<0.05 was considered significant.

BCVA, best-corrected visual acuity; CD, choroidal detachment; ERG, electroretinography; 0P, intraocular pressure; logMAR, logarithm of the minimum angle of resolution; MD, mean deviation; n.a,
not available; NTG, normal tension glaucoma; PACG, primary angle-closure glaucoma; PEA, phacoemulsification and aspiration; POAG, primary open angle glaucoma; PXFG, pseudo-exfoliation

glaucoma; RNFL, retinal nerve fibre layer.

ratio; the PT amplitude and PT/b-wave amplitude ratio have
been reported to be highly reproducible.?’ These indices were
analysed using the well-recorded ERG waves that had a stable
recorded baseline. When the last point of the recorded wave-
form deviated from the baseline level before recording by
3SD or more of the noise amplitude, it was judged that the
baseline of the recorded waveform was unstable and defined
as an ERG wave with insufficient quality. The fluctuation
range of the baseline before recording was regarded as the
noise amplitude. It was measured in 10 randomly selected
eyes according to the manufacturer’s instructions and was
measured to be 1.3+0.9 uV. Therefore, the reference value
was defined as 5.1 uV. Preoperative ERGs were recorded the
day before surgery, and postoperative ERGs were measured
within 2 weeks.

Statistical analysis
The significance of the differences within the groups was
compared using the paired t-test and that between the groups

was compared using Student’s t-test. Pearson y* and Fisher’s
exact test were used for categorical variables. We analysed the
relationship between the change in PhNR amplitude and various
structural and functional factors such as age, AL, CCT, preoper-
ative and postoperative IOP, preoperative mean deviation (MD)
values by HFA 24-2, past surgical history, presence or absence
of postoperative CD, change in visual acuity and self-reported
systemic diseases. Decimal visual acuity was converted to loga-
rithm of the minimum angle of resolution (logMAR) for statis-
tical analysis. Variables with p<0.10 in the univariate analysis
were used for multivariate analysis. In addition, to confirm the
intersession reproducibility, we randomly selected 15 patients
and measured the preoperative and postoperative PhANR ampli-
tudes and implicit times in the non-operated eye and calculated
the coefficient of variation (CV) values. Statistical significance
was set at p<0.05 based on a threshold two tailed. Distributed
variables are reported as mean (95% CI), except for age, which
is reported as the median (quartile). We used the JMP Pro V.16
software (SAS Institute) for the analyses.

lgawa Y, et al. Br / Ophthalmol 2023;107:1295-1302. doi: 10.1136/bjophthalmol-2021-320730 1297
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Figure 2 Representative cases from the non-CD group of preoperative (left column) and postoperative (middle column) electroretinography results
and widefield fundus photography (right column). Case 1 was an 84-year-old man. His IOP was 23 mm Hg preoperatively. The day after the surgery,
his 10P decreased to 11 mm Hg and his PhNR amplitude improved. Case 2 was a 64-year-old man. His IOP was 28 mm Hg preoperatively, and on

the seventh day of surgery, his I0P decreased to 7mm Hg and his PhNR amplitude improved slightly. Case 3 was a 72-year-old man. His IOP was

20 mm Hg preoperatively, and on the third day of surgery, his IOP decreased to 9mm Hg and his PhNR amplitude improved slightly. CD, choroidal

detachment; I0P, intraocular pressure; PhNR, photopic negative response.

RESULTS

Participant characteristics

Figure 1 shows a flow diagram of the study patients. Seventy-four
patients were initially enrolled in the study. Seventeen patients
were excluded because of poor visual acuity (five eyes), diabetic
retinopathy (five eyes) and insufficient ERG quality (seven eyes;
three eyes had insufficient quality preoperatively, two eyes had
insufficient quality postoperatively and two eyes met the criteria
for insufficient quality in both preoperative and postoperative
measurements). Among the 4 eyes that showed insufficient
ERG quality and IOP of less than 10mm Hg, 2 eyes showed
CD (2 eyes out of 11 eyes: 18.2%), and the other 2 eyes had no
CD (2 eyes out of 46 eyes: 4.3%), and there was no significant
difference. Thus, the data of 57 patients were included in the
analysis, including those of 46 patients without CD and 11 with
CD. Table 1 summarises the characteristics of the two groups.
There were no significant between-group differences in age,
gender distribution, preoperative best-corrected visual acuity,
preoperative mean deviation, preoperative IOR distribution of
glaucoma subtypes and whether cataract surgery was concomi-
tantly performed. As expected, the postoperative IOP value was
significantly lower in the CD group (6.4 (4.6 to 8.1)mm Hg,
mean (95% CI)) than in the non-CD group (9.7 (8.6 to 10.7))
mm Hg (p=0.003). Other factors such as age, gender distribu-
tion, preoperative IOP, preoperative MD value, CCT, AL, self-
reported systemic diseases and past ocular surgery history were
not significantly different between the groups.

Representative cases

Figure 2 shows three eyes of the representative cases from the
non-CD group. Compared with before glaucoma surgery, 10P
decreased and PhNR amplitude improved after surgery in all three
cases. Figure 3 shows two eyes of representative cases from the CD
group. In both cases, transient CD (grade 2) occurred after glaucoma

surgery, and PhNR amplitude deteriorated compared with before
surgery. CD recovered spontaneously and disappeared after 1 month
and the PhNR amplitude also improved.

Comparison of ERG parameters preoperatively and
postoperatively

The changes in ERG parameters preoperatively and postoper-
atively for each group are summarised in table 2. The scatter
plots in figure 4 show the changes in the PhNR implicit time and
amplitude and the PhNR/b-wave amplitude ratio.

In the non-CD group, the PhNR amplitude, PhNR/b-wave
amplitude ratio and PhNR implicit time significantly improved
after surgery. The PhNR amplitude changed from mean (95% CI)
17.3 (15.6 to 19.1) uV to 18.7 (16.7 to 20.6) uV (p=0.008).
The PhNR/b-wave amplitude ratio changed from 0.86 (0.84
to 0.89) to 0.90 (0.87 to 0.93; p=0.002). The PhNR implicit
time changed from 75.3 (72.6 to 78.0) to 72.3 (70.4 to 74.3)
ms (p=0.039). In addition, the a-wave and b-wave implicit times
significantly improved after surgery. The a-wave implicit time
changed from 14.8 (14.4 to 15.2) ms to 14.3 (14.0 to 14.7) ms
(p=0.027). The b-wave implicit time changed from 32.2 (31.5
t0 32.9) ms to 31.4 (30.9 to 32.0) ms (p=0.004).

In the CD group, the PhNR amplitude significantly deteri-
orated after surgery. The PhNR amplitude changed from 17.0
(12.4 to 21.5) pV to 11.4 (7.7 to 15.0) uV (p=0.002). In addi-
tion, the a-wave and b-wave amplitudes significantly deterio-
rated after surgery. The a-wave amplitude time changed from
4.9 (6.0 to —3.8) uV to —3.1 (—4.2 to —2.0) uV (p=0.001).
The b-wave amplitude changed from 19.1 (14.5 to 23.8) uV to
13.3 (9.3 to 17.3) uV (p=0.001). The PhNR/b-wave amplitude
ratio, PhINR implicit time, a-wave amplitude, and b-wave ampli-
tude did not change significantly.

Figure 5 shows the distribution of change in the PANR ampli-
tude in the CD group and the non-CD group. The postoperative
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lgawa Y, et al. Br J Ophthalmol 2023;107:1295-1302. doi: 10.1136/bjophthalmol-2021-320730



Clinical science

Case 4.
A. Preoperatively B. Postoperatively with CD C. Postoperatively without CD
0P, 18mmHg P I0P, 7mmHg IOP, 11mmHg | :
PhNR=13.8uV 4 PhNR = 11.7pV 2 : PhNR = 15.0pV
2 2 |
310 S 2 U 210 ;
10
0 , \ P 0
o
10 14 10
<10 i
RRamamanasessanesseEw RERERRERRERamsREESRS I RRRRRERAEEEEE SR
100 50 0 50 100 100 50 0 50 100 100 -50 0 50 100

ms ms ms

Case 5.
A. Preoperatively B. Postoperatively CD C. Postoperatively without CD
0P, 28mmHg " I0P, 10mmHg = 10P, 10mmHg
30 PhNR = 12.2uV PhNR = 5.6pV PhNR = 10.2puV
20 20
2 Ts 20 H 210
. iR A o
-10 10 -0
st el s b Frim G b R L
4100 50 0 50 100 10 100 100

ms

Y

Figure 3 Representative cases of the CD group preoperatively (left column), early postoperatively with CD (middle column), and postoperatively
after spontaneous recovery of CD (right column). Case 4 was a 74-year-old woman. Six days after surgery, the I0P decreased to 7mm Hg, and a grade
2 CD was confirmed by wide-angle fundus photography. PhNR amplitude had also worsened. One month later, the CD recovered spontaneously and
the PhNR amplitude improved. Case 5 was a 73-year-old woman. The preoperative IOP was 28 mm Hg. On postoperative day 4, the IOP was 10 mm
Hg, but wide-angle fundus photography showed grade 2 CD, and the amplitude of the PhNR also deteriorated. One month later, the CD recovered
spontaneously and the amplitude of the PhNR improved. CD, choroidal detachment; 0P, intraocular pressure; PhNR, photopic negative response.

change in PhNR amplitude was significantly lower in the CD the relationship between the change in the PhNR amplitude and
group than in the non-CD group (p<0.001). Table 3 shows the related factors. Postoperative IOP (p=0.031) and postoperative
results from the univariate and multivariate models investigating CD (p<0.001) were significantly associated with change in the

Table 2 Comparison of full-field ERG parameters before and after the operation

Non-CD group CD group
Preoperatively Postoperatively P value Preoperatively Postoperatively P value
Amplitude, mean (95% Cl), pV
a-wave —4.4 (-5.0 to -3.8) —4.9 (-5.4 to —4.3) 0.090 -4.9 (-6.0 to —3.8) -3.1(-4.2t0-2.0) 0.001*
b-wave 20.2 (18.1 t0 22.3) 21.1(18.7 to 23.4) 0.307 19.1 (14.5 10 23.8) 13.3(9.31017.3) 0.001*
PhNR 17.3(15.6 t0 19.1) 18.7 (16.7 t0 20.6) 0.008* 17.0 (12.4t0 21.5) 11.4 (7.7 10 15.0) 0.002*
PhNR/b-wave amplitude ratio, mean (95% Cl) 0.86 (0.84 to0 0.89) 0.90 (0.87 to 0.93) 0.002* 0.88 (0.83 t0 0.93) 0.85(0.79t0 0.91) 0.219
Implicit time, mean (95% Cl), ms
a-wave 14.8 (14.410 15.2) 143 (14.0t0 14.7) 0.027* 15.3(13.5t0 17.0) 15.0(13.6t0 16.4)  0.811
b-wave 32.2 (31.5t032.9) 31.4 (30.9 to 32.0) 0.004* 33.0(31.0 to 35.0) 33.7(31.41036.0)  0.300
PhNR 75.3 (72.6 to 78.0) 72.3 (70.4 t0 74.3) 0.039* 75.2 (71.210 79.2) 79.2(73.21085.2)  0.120

The preoperative and postoperative full-field ERG parameters were compared using paired t-tests in both groups.
*P value <0.05 was considered significant
CD, choroidal detachment; ERG, electroretinographic; PhNR, photopic negative response.

lgawa Y, et al. Br / Ophthalmol 2023;107:1295-1302. doi: 10.1136/bjophthalmol-2021-320730 1299
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Figure 4 Scatter plots showing the change in PhNR implicit time
and amplitude and the PhNR/b-wave amplitude ratio. Scatter plots of
each PhNR parameter pre -and postoperatively. The x-axis shows the
preoperative values, and the y-axis shows the postoperative values. In
the plot, the circle indicates the non-CD group and the cross indicates
the CD group. (A) PhNR amplitude. (B) PhNR/b-wave amplitude ratio.
(C) PhNR implicit time. CD, choroidal detachment; PhNR, photopic
negative response.

PhNR amplitude in the univariate models. We separately exam-
ined the presence of postoperative CD and postoperative CD
gradings with two different multivariable models. In the multi-
variate analysis, the presence of postoperative CD, CD grading
1 (p=0.048) and 3 (p=0.004) were significantly correlated with
change in the PhNR amplitude.

Intersession reproducibility

The CV values were 12.4% (95% CI 7.5% to 17.4%) for the
PhNR amplitude, 2.4% (95% CI 1.1% to 3.7%) for PhNR/b--
wave amplitude ratio and 6.0% (95% CI2.6% to 9.5%) for
PhNR implicit time.

0.3

024 CD group

0.19

Fraction
o

0.1

0.2

non-CD group
0.3

-10 0 10
Change in PhNR amplitude

20 (uv)

Figure 5 Distribution of change in the PhNR amplitude in the CD
group and the non-CD group. CD, choroidal detachment; PhNR, photopic
negative response.

DISCUSSION

In this study, we demonstrated the rapid improvement in RGC
function within several days after glaucoma filtration surgery by
measuring PhNR using skin electrodes in the same eye preopera-
tively and postoperatively. The PANR amplitude worsened after
glaucoma surgery in patients with CD because of overfiltration.

Interestingly, the a-wave, b-wave and PhNR improved after
glaucoma filtration surgery. This suggests the possibility that the
reduction in IOP may be related to changes in blood flow in
deeper layers. Deep macular microvasculature alteration in glau-
comatous eyes has recently been reported.'' *' Further studies
on whether this deep circulatory impairment can be improved
by lowering IOP would provide an answer. Using OCTA, we
recently reported microcirculatory disturbances in the macula
before and after glaucoma surgery.”? ** The foveal avascular
zone area was significantly reduced at 3 months after surgery.
We concluded that capillary circulation may improve to a level
detectable with OCTA. IOP, microcirculation and physiological
improvements in function are considered closely related and act
together quite early in the postoperative period.

RETeval is a relatively new ERG recording system that uses
skin electrodes and is less invasive.”* RETeval PhNR is simple,
reproducible and carries a low risk of infection when observing
acute functional changes in the dense perioperative period.”*
Using this method, it was possible to observe retinal function
2hours after vitreous injection®® and several days after vitrec-
tomy.”” In this study, we showed that skin electrode ERG can
be used to evaluate retinal function in the early postoperative
period, even in eyes after filtration surgery that cannot tolerate
contact lenses and DTL electrodes.

Another notable finding of this study is the significant associ-
ation between the presence of CD soon after postoperative glau-
coma filtration surgery and changes in retinal function observed
using skin electrode ERG. In some situations, mild CD is diffi-
cult to detect. Objective diagnosis of the presence or absence
of CD in the early postoperative period is practical and could
help decide on further management.”® This study showed that
the behaviour of the ERG components recorded in the early
postoperative period strongly correlated with the presence of
CD. The a-wave, b-wave and PhNR waves deteriorated in the
CD group. First, choroidal function may play a role. Miyake
et al”® analysed the electrooculogram of eyes with rhegmatoge-
nous retinal detachment (RRD) and found that the preoperative
values were significantly lower in eyes with CD than in those
without. Choroidal dysfunction may affect outer retinal layer
function, leading to changes in the a-wave and subsequently in
the b-wave and PhNR. Second, another explanation is that the
inner protrusion of the retinal surface caused by CD may have
reduced the response of the ERG because of unequal stimulus
light exposure. The fact that the amplitude deteriorated but the
implicit time was relatively maintained is consistent with the
latter explanation. Third, the effect of IOP on ERG changes
should be considered. Miyake et a/*’ used ERG to monitor retinal
function during scleral buckling surgery in eyes with RRD. They
observed a marked decrease in retinal function immediately after
subretinal fluid drainage, but it improved with increased IOP
caused by buckling. Therefore, the authors stated that the func-
tional reduction was attributed to the effect of low IOP. In this
study, eyes with CD also had a lower IOP than those without.
However, rapid IOP reduction does not always cause reduction
in the ERG response, as shown by studies of electrophysiological
monitoring during intravitreal injection.’® ! Further studies are
required to validate this mechanism.
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Table 3 Association between change in PhNR amplitude and ocular variables: univariate and multivariable analysis

Change in PhNR amplitude, pv

Univariate model

Multivariate model 1 Multivariate model 2

Coefficients Coefficients Coefficients
Variables (95% CI) P value (95%Cl) Pvalue (95%Cl) P value
Age (years) per 1year. 0.00 (-0.121t00.13)  0.986 0.02 (-0.09 to 0.14) 0.712 0.01 (-0.111t00.13) 0.825
Gender (male/female) -0.34(-3.371t02.69) 0.823
CCT (um) per 1pm 0.04 (-0.01t0 0.09) 0.157
Axial length (mm) per 1 mm —0.25(-1.091t0 0.58) 0.544
Preoperative BCVA, log MAR, per one unit -2.67(-7.62102.28) 0.284
Preoperative I0P per 1 mm Hg 0.09 (-0.141t00.33)  0.429
Preoperative MD value, per 1dB -0.10(-0.35t0 0.16)  0.449
Preoperative RNFL thickness, per 1 um —0.08 (-0.191t0 0.03)  0.163
Type of glaucoma surgery —-0.67 (-3.64t02.30)  0.652
(trabeculectomy/ex-PRESS)
Postoperative BCVA, log MAR, per one unit —1.32 (-6.13 to 3.49) 0.584
Change in BCVA, log MAR, per one unit 2.53 (-4.54109.59) 0.477
Postoperative IOP, per 1 mm Hg 0.43 (0.04 t0 0.83) 0.031 0.17 (-0.23 to 0.57) 0.403 0.17 (-0.24 10 0.58)  0.408
Change in IOP, per 1 mm Hg —-0.04(-0.25t00.17)  0.698
Postoperative CD (yes/no) —6.88 (-10.13 to <0.001 —6.41 (-10.03 to —2.80) 0.001
-3.63)
Postoperative CD (reference: no)
Grade 1 —7.64 (-14.67 to 0.034 -7.26 (-14.43 to 0.048
-0.60) —0.08)
Grade 2 —5.04 (-9.62 to —0.45) 0.032 -4.60 (-9.62 t0 0.42)  0.072
Grade 3 -8.80 (-13.88 to 0.001 -8.15 (-13.63 to 0.004
-3.72) -2.67)
Past cataract surgery (yes/no) —0.07 (-3.481t03.33) 0.965
Past glaucoma surgery (yes/no) 2.23(-2.96t07.41) 0.393
Past vitrectomy surgery (yes/no) 6.17 (-1.6910 14.02) 0.121
Past cerebrovascular event (yes/no) 1.35(-5.26 t0 7.95)  0.685
Self-reported hypertension (yes/no) -1.67 (-4.771t01.43) 0.286
Self-reported diabetes (yes/no) 217 (-1.41105.74) 0.229

BCVA, best-corrected visual acuity; CCT, central corneal thickness; CD, choroidal detachment; 0P, intraocular pressure; logMAR, logarithm of the minimum angle of resolution;

MD, mean deviation; PhNR, photopic negative response; RNFL, retinal nerve fibre layer.

Recently, Shin et al reported on CD grading using wide-
angle photographs.'” The widespread use of wide-angle fundus
photography has enabled objective interpretation of the degree
of CD. In this study, we showed a significant association between
CD grading and PhNR amplitude change. They showed the risk
of CD was associated with pseudoexfoliation glaucoma, older
age, and previous cataract surgery. Though there was no statisti-
cally significant difference between the two groups in this study,
the results were consistent with the past reports by Shin as the
CD group was older, had more cases of pseudoexfoliation glau-
coma, systemic hypertension and diabetes, and previous cataract
surgery.

Limitations

The limitations of this study include its retrospective design,
small sample size and lack of long-term postoperative data. It
is possible that the deterioration of the PhNR amplitude may
improve with the improvement of CD, and it is unclear how long
the improvement of the PhNR amplitude will persist. Further
studies with longer follow-up periods will clarify these associ-
ations. Second, it can be argued that the improved PhNR after
surgery could be a result of improved media factors rather than
the recovery of retinal function. Preoperative corneal oedema
and combined cataract surgery may influence ERG quantitative

measurements. In this study, the proportion of patients with a
history past ocular surgery history was similar in the groups.
Simultaneous cataract surgery was performed in 22 out of 46
eyes (47.89%) in the CD group and 3 out of 11 eyes (27.2%) in the
non-CD group, and cataract surgery may have affected the post-
operative changes in ERG. Tanikawa et al** conducted a detailed
study on the effects of cataract surgery on ERG. They reported
a significant increase in the a- and b-wave amplitudes, but not in
PhNR, after cataract surgery. In addition, after excluding eyes
with preoperative IOP higher than 30 mm Hg (five eyes) from
the analysis, the results were similar (online supplemental table
1). Thus, the impact of media factors on PhNR, if any, may be
considered inconsequential for the results of this study. Third,
the influence of the hypotonic state on the ERG quality may be a
cause of concern for selection bias. The comparisons of the ERG
parameters between CD and non-CD groups should be inter-
preted with caution; however, the incidence of the excluded eyes
due to insufficient ERG similar in the groups (data not shown).

CONCLUSION

In conclusion, even in the early postoperative period within
several days, the PhNR amplitude increased with IOP lowering
following filtration surgery, and showed rapid functional recovery.
However, the appearance of CD identified by wide-field fundus

lgawa Y, et al. Br / Ophthalmol 2023;107:1295-1302. doi: 10.1136/bjophthalmol-2021-320730 1301


https://dx.doi.org/10.1136/bjophthalmol-2021-320730
https://dx.doi.org/10.1136/bjophthalmol-2021-320730

Clinical science

photography suggests that CD may arrest functional recovery,
at least temporarily. The present results enhance understanding
of the structural and functional recovery after glaucoma surgery
and the role of postoperative CD.

Correction notice This article has been corrected since it was first published. The
open access licence has been updated to CC BY.

Acknowledgements The authors thank Editage (https://www.editage.jp) for the
English language review.

Contributors Designed and conducted the study: Y1, TS and KS. Data collection: Yl
and TS. Data analysis and interpretation: Y1, TS, YY, ST and KS: YI. Critical revision: TS,
KS, RW and YM. Manuscript approval: Y1, TS, YY, ST, KS, RW and YM.

Funding This work was supported in part by a grant to KS from a JSPS KAKENHI
Grant Number JP17K11430, by a grant to TS from JSPS KAKENHI Grant Number
19K09976, a Grant-in-Aid for Young Researchers at Saitama Medical University
Hospital (Saitama, Japan), Charitable Trust Fund for Ophthalmic Research in
Commemoration of Santen Pharmaceutical’s Founder, Takeda Science Foundation,
and Daiwa Securities Health Foun-dation (Tokyo, Japan) (There is no unique number
for these grants), and JSPS KAKENHI Grant Number 19K09976 and an unrestricted
grant to RW from Research to Prevent Blindness (New York, NY) (There is no unique
number for this grant).

Competing interests None declared.
Patient consent for publication Consent obtained directly from patient(s)

Ethics approval The present study was part of a prospective longitudinal study
approved by the Ethics Committee of the Saitama Medical University (No. 15138)
and conducted in accordance with the tenets of the Declaration of Helsinki. The
detailed design of this longitudinal study has been described previously. The Ethics
Committee of Saitama Medical University approved the present study and waived
the requirement of additional informed consent due to the retrospective nature of
the study (No. byou2021-074).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The
datasets generated and/or analysed during the current study are available from the
corresponding author on reasonable request.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.01/.

ORCID iDs
Takuhei Shoji http://orcid.org/0000-0002-5464-2573
Kei Shinoda http://orcid.org/0000-0002-1543-9345

REFERENCES

1 Weinreb RN, Leung CKS, Crowston JG, et al. Primary open-angle glaucoma. Nat Rev
Dis Primers 2016;2:16067.

2 Weinreb RN, Aung T, Medeiros FA. The pathophysiology and treatment of glaucoma: a
review. JAMA 2014;311:1901-11.

3 Cook C, Foster P. Epidemiology of glaucoma: what's new? Can J Ophthalmol
2012;47:223-6.

4 GBD 2019 Blindness and Vision Impairment Collaborators, Vision Loss Expert Group
of the Global Burden of Disease Study. Causes of blindness and vision impairment
in 2020 and trends over 30 years, and prevalence of avoidable blindness in relation
to vision 2020: the right to sight: an analysis for the global burden of disease study.
Lancet Glob Health 2021;9:e144—-60.

5

6

Kerrigan-Baumrind LA, Quigley HA, Pease ME, et al. Number of ganglion cells in
glaucoma eyes compared with threshold visual field tests in the same persons. Invest
Ophthalmol Vis Sci 2000;41:741-8.

Mead B, Tomarev S. Evaluating retinal ganglion cell loss and dysfunction. Exp Eye Res
2016;151:96-106.

Lee EJ, Kim T-W, Weinreb RN, et a/. Reversal of lamina cribrosa displacement

after intraocular pressure reduction in open-angle glaucoma. Ophthalmology
2013;120:553-9.

8 Frishman L, Sustar M, Kremers J, et al. ISCEV extended protocol for the photopic

12

14

15

17

20

21

26

27

28

29

30

31

32

negative response (PhNR) of the full-field electroretinogram. Doc Ophthalmol
2018;136:207-11.

Colotto A, Falsini B, Salgarello T, et al. Photopic negative response of the human

ERG: losses associated with glaucomatous damage. Invest Ophthalmol Vis Sci
2000;41:2205-11.

Niyadurupola N, Luu CD, Nguyen DQ, et a/. Intraocular pressure lowering is associated
with an increase in the photopic negative response (PhNR) amplitude in glaucoma
and ocular hypertensive eyes. Invest Ophthalmol Vis Sci 2013;54:1913-9.

Yoshikawa Y, Shoji T, Kanno J, et al. Glaucomatous vertical vessel density asymmetry of
the temporal raphe detected with optical coherence tomography angiography. Sci Rep
2020;10:6845.

Manalastas PIC, Zangwill LM, Daga FB, et al. The association between macula

and ONH optical coherence tomography angiography (OCT-A) vessel densities in
glaucoma, glaucoma suspect, and healthy eyes. J Glaucoma 2018;27:227-32.

Tang J, Hui F, Hadoux X, et al. Short-Term changes in the photopic negative response
following intraocular pressure lowering in glaucoma. Invest Ophthalmol Vis Sci
2020;61:16.

Sahoo NK, Balijepalli P, Singh SR, et al. Retina and glaucoma: surgical complications.
Int J Retina Vitreous 2018;4:29.

Miyake Y, Akiyama K, Sugita S, et al. Electrophysiologic detection of choroidal
detachment in eyes with rhegmatogenous retinal detachment. Retina
1993;13:234-7.

Anderson DR PV. Automated static perimetry second ED, 1999.

Shin DY, Jung KI, Park HYL, et al. Risk factors for choroidal detachment after Ahmed
valve implantation in glaucoma patients. Am J Ophthalmol 2020;211:105-13.

Hui F, Tang J, Hadoux X, et al. Optimizing a portable ERG device for glaucoma clinic:
the effect of interstimulus frequency on the photopic negative response. Trans/ Vis Sci
Technol 2018;7:26.

McCulloch DL, Marmor MF, Brigell MG, et al. ISCEV standard for full-field clinical
electroretinography (2015 update). Doc Ophthalmol 2015;130:1-12.

Mortlock KE, Binns AM, Aldebasi YH, et a/. Inter-subject, inter-ocular and inter-session
repeatability of the photopic negative response of the electroretinogram recorded
using DTL and skin electrodes. Doc Ophthalmol 2010;121:123-34.

Lin F, Li F, Gao K, et al. Longitudinal changes in macular optical coherence tomography
angiography metrics in primary open-angle glaucoma with high myopia: a prospective
study. Invest Ophthalmol Vis Sci 2021;62:30.

Shoji T, Kanno J, Weinreb RN, et al. Oct angiography measured changes in the foveal
avascular zone area after glaucoma surgery. Br / Ophthalmol 2022;106:80-6.

Hou H, Moghimi S, Proudfoot JA, et al. Ganglion cell complex thickness and

macular vessel density loss in primary open-angle glaucoma. Ophthalmology
2020;127:1043-52.

Yasuda S, Kachi S, Ueno S, et al. Flicker electroretinograms before and after intravitreal
ranibizumab injection in eyes with central retinal vein occlusion. Acta Ophthalmol
2015;93:e465-8.

Tang J, Hui F, Hadoux X, et al. A comparison of the RETeval sensor strip and DTL
electrode for recording the photopic negative response. Trans/ Vis Sci Technol
2018;7:27.

Terauchi G, Shinoda K, Sakai H, et a/. Retinal function determined by flicker ERGs
before and soon after intravitreal injection of anti-VEGF agents. BMC Ophthalmol
2019;19:129.

Shibuya M, Yoshikawa Y, Katsumoto T, et al. Electroretinographic recordings with

skin electrodes to assess effects of vitrectomy with gas tamponade on eyes with
rhegmatogenous retinal detachment. Sci Rep 2019;9:19948.

Li Z, LiY, Huang X, et al. Quantitative analysis of rhegmatogenous retinal

detachment associated with choroidal detachment in Chinese using UBM. Retina
2012;32:2020-5.

Miyake Y, Yagasaki K, Horiguchi M. Electroretinographic monitoring of retinal function
during eye surgery. Arch Ophthalmol 1991;109:1123-6.

Kitsu K, Shinoda K, Mizuno Y, et al. Effect of paracentesis on retinal function
associated with changes in intraocular pressure caused by intravitreal injections.
Trans! Vis Sci Technol 2020;9:10.

Yagura K, Shinoda K, Matsumoto S, et al. Electroretinographic evaluations of retinal
function before, just after, and after intravitreal injections. Sci Rep 2016;6:31104.
Tanikawa A, Suzuki K, Nomura R, et al. The influence of mild cataract on ISCEV
standard electroretinogram recorded from mydriatic eyes. Doc Ophthalmol
2021;142:177-83.

1302

Igawa Y, et al. Br J Ophthalmol 2023;107:1295-1302. doi:10.1136/bjophthalmol-2021-320730


https://www.editage.jp
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-5464-2573
http://orcid.org/0000-0002-1543-9345
http://dx.doi.org/10.1038/nrdp.2016.67
http://dx.doi.org/10.1038/nrdp.2016.67
http://dx.doi.org/10.1001/jama.2014.3192
http://dx.doi.org/10.1016/j.jcjo.2012.02.003
http://dx.doi.org/10.1016/S2214-109X(20)30489-7
http://www.ncbi.nlm.nih.gov/pubmed/10711689
http://www.ncbi.nlm.nih.gov/pubmed/10711689
http://dx.doi.org/10.1016/j.exer.2016.08.006
http://dx.doi.org/10.1016/j.ophtha.2012.08.047
http://dx.doi.org/10.1007/s10633-018-9638-x
http://www.ncbi.nlm.nih.gov/pubmed/10892864
http://dx.doi.org/10.1167/iovs.12-10869
http://dx.doi.org/10.1038/s41598-020-63931-7
http://dx.doi.org/10.1097/IJG.0000000000000862
http://dx.doi.org/10.1167/iovs.61.10.16
http://dx.doi.org/10.1186/s40942-018-0135-x
http://dx.doi.org/10.1097/00006982-199313030-00008
http://dx.doi.org/10.1016/j.ajo.2019.10.035
http://dx.doi.org/10.1167/tvst.7.6.26
http://dx.doi.org/10.1167/tvst.7.6.26
http://dx.doi.org/10.1007/s10633-014-9473-7
http://dx.doi.org/10.1007/s10633-010-9239-9
http://dx.doi.org/10.1167/iovs.62.1.30
http://dx.doi.org/10.1136/bjophthalmol-2020-317038
http://dx.doi.org/10.1016/j.ophtha.2019.12.030
http://dx.doi.org/10.1111/aos.12674
http://dx.doi.org/10.1167/tvst.7.6.27
http://dx.doi.org/10.1186/s12886-019-1129-7
http://dx.doi.org/10.1038/s41598-019-56307-z
http://dx.doi.org/10.1097/IAE.0b013e3182561f7c
http://dx.doi.org/10.1001/archopht.1991.01080080083034
http://dx.doi.org/10.1167/tvst.9.9.10
http://dx.doi.org/10.1038/srep31104
http://dx.doi.org/10.1007/s10633-020-09791-y

	Early changes in photopic negative response in eyes with glaucoma with and without choroidal detachment after filtration surgery
	Abstract
	Introduction﻿﻿
	Methods
	Study enrolment and participants
	Full-field ERG recording
	Statistical analysis

	Results
	Participant characteristics
	Representative cases
	Comparison of ERG parameters preoperatively and postoperatively
	Intersession reproducibility

	Discussion
	Limitations

	Conclusion
	References




