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Abstract Objective To observe changes in visual
function after a single scleral buckling surgery for
rhegmatogenous retinal detachment (RD) by using
ERG (electroretinogram). Methods One eye from 56
patients with rhegmatogenous RD was chosen. Forty-
three corresponding normal fellow eyes from these
patients were chosen as controls. Single scleral
buckling surgery was carried out and a full-field
ERG was performed before the surgery, and 1 and 6
months after surgery. Results The mean amplitude
of ERG decreased and the latency (except for the
a-wave) was delayed in the eye with a retinal
detachment, and wavelets of the oscillatory potential
decreased or were completely lacking. One month
after surgery, the amplitudes of the a and b waves
were noticeably improved (except for the 30 Hz
flicker responses), but the latency (except for the
a-wave) was still delayed. The ratio of b/a (mixed
response) increased 1 month after surgery, with no
further changes thereafter. The amplitude of the
scotopic b wave was 58.1% of the control eyes, while
the 30 Hz flicker responses was only 45.8% of
controls; the difference between the two responses
was significant (P < 0.001). The number of oscilla-
tory potential wavelets increased, but the total
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amplitude of the oscillatory potentials did not exhibit
any obvious changes during the follow-up period
(P = 0.20). In the 41 patients whose detachment
involved the macula preoperatively, the amplitude of
the 30 Hz flicker responses improved significantly
after surgery (P = 0.037). Six months after the
operation, the wave amplitudes were not significantly
different from 1 month after surgery, but there was a
tendency toward a decrease in the latency. Conclu-
sions After reattachment of the retina, visual function
showed dramatic improvement 1 month after the
surgery. The postreceptoral responses recovered more
than the a-wave. The rod system recovered more
quickly and completely than the cone system during
the follow-up period. The incomplete recovery
observed by using ERGs indicates that there is
irreversible damage that likely occurs following
retinal detachment and surgery.

Keywords Rhegmatogenous retinal detachment -
Electroretinogram - Visual function -
Scleral buckling

Introduction

Retinal detachment (RD) is the separation of retinal
pigment epithelium and neural epithelium, and is a
serious eye disease that can induce blindness. Rheg-
matogenous detachment is the most common form of
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RD observed in the clinic, and is treated by
reattachment via simple sclera buckling surgery
[1, 2]. However, recovery of visual function does
not always correlate with anatomical reattachment
[1, 3=7]. Even after successful retinal reattachment
surgery, defects in visual function usually occur in
the affected eye to some extent [3, 4, 7, 8], and it has
been suggested that a defective blood supply in the
retina following surgery may underlie these problems
[9, 10]. However, detailed information about these
effects is lacking according to the ISCEV standards
of electroretinogram (ERG) for assessing retinal
functional changes following reattachment. More-
over, because of the complexity and diversity of RD
and different recording parameters, conclusions about
postoperative retinal function recovery are not very
consistent [3-6, 11-14].

ERG is a useful tool to objectively assess retinal
function in the clinic, and can be used to analyze
visual function in different layers of the retina.
Among the different variables that can be observed
using ERG are oscillatory potentials (OPs), which
can sensitively reflect the state of microcirculation in
the retina [15, 16]. The present study examined
changes in ERG after retinal reattachment to assess
visual function. In order to provide a more objective
evaluation of single successful scleral buckling
surgery and reduce clinical heterogeneity and con-
founding factors, we selected a large number of
patients with similar conditions, and performed the
same type of reattachment surgery. Our study may
provide useful information that can improve patient
care in the clinic.

Materials and methods
Patient information

Fifty-six patients (mean age: 43 years, range: 18—68
years; 26 male and 30 female) with primary RD
were selected for the study from hospitalized patients
(at the First People’s Hospital, affiliated Shanghai
Jiaotong University in China). Among these patients,
there were no other obvious ophthalmopathies or
systemic diseases (such as diabetes or hypertension),
except for refractive errors. Thirty-one left eyes and
25 right eyes were included in this study. The period
between RD and surgery ranged from 3 to 20 days
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(macula detached, n = 41; macula attached, n = 15).
The extent of the detachment ranged between 2 and 6
clock hours in 40 eyes, and more than 6 clock hours
in 16 eyes. The best-corrected visual acuity was
between 0.01 and 0.6. The diopter correction was
between —1.0 D to —8.0 D. Sixteen eyes (28.6%)
had high myopia (—6.0 D to —8.0 D), 24 eyes
(42.9%) had medium myopia (—3.0 to —6.0 D) and
16 eyes (28.6%) had low myopia (<—3.0 D). Patients
with macular holes, chorioretinal degeneration, media
opacity, and proliferative vitreoretinopathy grade C
or D were excluded. In addition, patients who had
undergone more than one surgery on the eye, or who
had not received follow-up examinations for more
than 6 months were excluded. During the follow-up
period, eyes with serious cataracts, re-detachment,
macular edema or surface membrane were also
excluded. Forty-three normal fellow eyes from these
patients (20 males and 23 females) were chosen as
controls, and the best-corrected visual acuity was not
less than 1.0. The average age of the control patients
was 45 years, and none of the controls had any
history of eye surgery or ophthalmopathy.

All patients underwent the same basic procedure,
including routine cryoretinopexy, the encircling pro-
cedure, and silicone scleral buckling. Silicone
explants were used to cover the retinal tear(s). Where
appropriate (31 eyes), subretinal fluid was drained
through a scleral incision during surgery. Neither air
nor any another gas was used in any of the patients
during the surgery. All patients signed informed
consent forms, and all aspects of the study were in
compliance with the Helsinki Declaration. The study
protocol was approved by our local Institutional
Review Board/ethics committee.

Examination by ERG

ERG was performed within 2 days before the
surgery, then again 1 and 6 months following the
operation. An UTAS-E 2000 electrophysiology test-
ing instrument (LKC, Technologics. USA) was used.
Before ERG recording, the pupils were dilated with
1% tropicamide and 10% phenylephrine to obtain the
maximum dilatation and then the eyes were adapted
to darkness for 30 min. Under superficial anesthesia
with 0.5% decicaine, the ERG JET contact lens
electrode was used as the recording electrode and
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0.5% methyl cellulose was deposited into its concav-
ity, then the reference silver—silver chloride electrode
was placed in the center of the forehead, and the
grounding electrode was attached to the ear lobe
under a dim red light. Five responses were recorded
in turn following ISCEV standards [17]: the rod-
driven b wave of dark adapted eye (rod-b), the
maximal a and b waves (max-a, max-b), the total
amplitude of oscillatory potential (OPs), the cone-
driven b wave (cone-b) and 30 Hz flicker response
(flicker) were all recorded and analyzed. Responses
were obtained with a band filter (0.3 and 500 Hz),
stimulating with a single blue full-field flash (Wratten
filter Blue #47B) and white full field flash (2.13 cd
s/m?). OPs were extracted between 75 ~ 500 Hz and
averaged four times (interval 15 s). Cone-driven
responses were obtained after 10 min of light adap-
tation to background illumination (25.3 cd/m?) on the
Ganzfeld screen, and 30 Hz flicker responses with the
background light on, averaged over 20 sweeps.

Data and statistical analysis

SAS statistical software was used to perform statis-
tical analysis, and repeated measures ANOVA,
Student’s t-test, and the Wilcoxon tests were applied
for analyses of differences among various groups.

Results
Comparison with control group before surgery

As illustrated in Table 1, the ERG amplitude of eyes
with retinal detachment was significantly decreased
or completely lacking, and the latency (except for the
a wave) was delayed compared to the control eyes.

ERG amplitude increases following surgery

All of the retinas in the affected eyes were success-
fully reattached, and the intraocular pressure was
normal during the follow-up period. The amplitudes
of the a and b waves were dramatically improved
1 month after the operation, although there were no
significant differences in the amplitudes of the
oscillatory potentials (Table 2). The amplitude of

Table 1 Comparison of ERG amplitudes and latencies from
retinal detachment eyes and controls prior to surgery
(mean £ SD) (z-test)

Control Before P-value

group surgery

Amplitude Rod-b  267.7 £ 66.1 109.7 &£ 71.7 <0.001

(v) Max-a 175.1 £ 404 66.8 + 42.3 <0.001
Max-b 366.6 + 71.7 140.3 + 86.4 <0.001
bla 22406 21411 066

OPs 203.1 £ 53.1 78.0 &+ 37.0 <0.001
Cone-b 415+ 16.6 17.5 + 11.3 <0.001
Flicker 31.7 £ 10.6 123 +£6.5 <0.001
Latency (ms) Rod-b 577 £5.0 60.6 £ 6.5 0.02
Max-a 222+ 13 228 +3.1 0.21
Max-b 427 +£2.5 443 +43 0.03
Cone-b 269+ 13 285+25 <0.001
Flicker 27.6 £13 30.5+ 27 <0.001

the 30 Hz flicker responses did not improve signif-
icantly (P = 0.20), but the improvement was
significant in patients who had a preoperatively
detached fovea (P = 0.037, n = 41). The results of
statistical analyses of the latencies of various ERG
waves before and after surgery are shown in Table 3.
The representative wave changes of one patient after
surgery are shown in Fig. 1.

Changes in the b/a ratio after surgery

As shown in Table 1 and 2, the b/a ratios 1 month
after surgery (the ratio of a and b amplitudes of
maximal response) were significantly improved
compared to the ratios obtained before surgery
(P < 0.01). However, there were no further improve-
ments observed 6 months after surgery.

Changes in the wavelets of oscillatory potentials

The changes in wavelets of OPs following surgery
were examined using the Wilcoxon test. The average
number of wavelets before reattachment surgery was
2.06, compared to 3.44 one month after the operation.
This difference indicates that the surgery made a
significant difference in oscillatory potentials
(P < 0.01). There was also a tendency toward an
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Table 2 Statistical

analysis of amplitudes (uv) Before surgery 1 month after surgery 6 months after surgery P-value

of ERG before and after the g4, 109.7 & 71.7 155.6 & 51.2%+ 152.4 & 43.7%+ <0.001

surgery (repeated measures - .

ANOVA) Max-a 66.8 + 42.3 82.6 £+ 36.0 76.8 + 30.7 0.02
Max-b 140.3 + 86.4 208.3 £ 58.1%* 208.9 £ 59.3%* <0.001

Compared to before oo oo

surgery, ** P < 001, * bla 2.1+ 1.1 28 £ 1.0 31+ 14 <0.001

P < 0.05; No significant OPs 78.0 £ 37.0 79.7 £ 33.0 85.3 £ 36.0 0.20

differences were noted Cone-b 175 £ 11.3 27.7 £ 9.1%%* 26.5 £ 8.4%* <0.001

between 1 and 6 months Flicker 123 + 6.5 145 +53 140 £ 5.9 0.20

after surgery

Table 3 Statistical analysis of latencies (ms) of ERG waves
before and after surgery (repeated measures ANOVA)

Before 1 month after 6 months after P

surgery surgery surgery value
Rod-b 60.6 £ 6.5 67.0 £ 83** 65.6 £ 85**  <0.001
Max-a 22.8 +£3.1 23.8 +24 234 +24 0.11
Max-b 443 £ 4.3 48.4 £ 3.8%* 46.8 + 4.4%## <0.001
Cone-b 28.5 + 2.5 30.7 £ 2.7*%* 29.9 4+ 2.9%*+# <0.001
Flicker 30.5 4+ 2.7 33.1 £ 2.9%*% 32,7 £ 2.5%  <0.001

Compared to before surgery, ** P < 0.01, * P < 0.05;
Compared to 1 month after surgery, ## P < 0.01, # P < 0.05

increase in amplitude, but this was not statistically
significant (P > 0.05).

Rod and cone system responses

The percentages of the response amplitudes of rod-b
and 30 Hz flicker responses in RD eyes compared to
control eyes are shown in Fig. 2. The difference
between rod-b and flicker were significant in each
time point. (P < 0.001, #-test).

Discussion

Although retinal detachment can be successfully
treated by scleral buckling surgery, there is usually
visual damage following anatomic reattachment,
even when a long period of time has elapsed post-
surgery [2, 18]. The results of our study indicate
that, despite a partial recovery of the amplitude of
ERG waves after retinal reattachment, they are still
lower than those recorded from control eyes.
Moreover, the b wave latencies are postponed, and
there are differences in the recovery of the a and b
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waves, indicating that there are differences in the
functional recoveries of different cells and regions
of the retina.

Full-field ERG amplitudes were decreased in the
detached retina, with improvement after reattachment
[12-14]. Improvements in photoreceptors can be
observed by electron microscopy 24 h after retinal
reattachment, and only 1 month after reattachment,
the ultra-structure of photoreceptors recovers com-
pletely [11, 19, 20]. Moreover, most of the outer
segments recover their normal appearance within
2 weeks. However, there are often still defects in
outer segments, especially the outer segments of cone
cells. Our present study indicates that, 1 month after
surgery, the waves of ERG tend to rise, although
there is no obvious improvement during the next 6
months recovery time, which is consistent with
observations in animals [21].

Recovery of the potential amplitude (rod-b) dem-
onstrated a higher level than that of the 30 Hz flicker
response (flicker) at each time point. These differ-
ences were significant. This indicates that the rod
system is repaired more completely, suggesting that
certain functional disorders may exist more in the
cone system [8, 22]. In support of this, Schatz et al.
reported that in a group of patients with preoperative
detachment of the fovea (n = 8), rod system function
was significantly improved at follow-up, while the
single flash white light response and cone amplitudes
with 30 Hz flicker did not improve to the same extent
[14]. However, the lack of significant improvement in
the two responses may be due to the small sample
size. In our study, there was a significant improve-
ment in the amplitude with 30 Hz flicker response in
patients with preoperative macular involvement
(n = 41). On the other hand, patients in this group
had a greater extent of preoperative detachment, and
the detachment involved the periphery in most RD
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Fig. 1 Representative changes in ERGs after reattachment of
the retina (a male patient aged 38 with myopia —5.0 D; the
extent of RD was 6 clock hours with macular involvement; the
period of RD before surgery was 10 days). (a) Rod system

eyes, which may explain the better improvement in
rod system function.

Cone system dysfunction may still be detected
even long intervals after retinal reattachment, inde-
pendent of the presence of a preoperative macular RD
[23]. It also has been shown that there is a significant
correlation between outer nuclear layer (ONL) cell
count and flicker ERG amplitude in the reattached
retina [24]. Thus, flicker ERG may be a better method
to assess retinal function following RD surgery. In
our study, the improvement of single cone-driven
response was greater than that of 30 Hz flicker
responses, which had not been discussed earlier. The
photopic white stimulus is designed to suppress rod

Latency

response; (b) maximal response; (c) oscillatory potentials
(OPs); (d) single cone-driven response; (e) 30 Hz flicker
responses

system participation, and the 30 Hz flicker stimulus is
too fast for the rods to follow; therefore, the flicker
response consists of an isolated cone system
response. The single cone-driven response may mix
rod system response to some degree. Moreover, there
may also be some unknown mechanism(s) that
influence cone system responses after retinal reat-
tachment, especially in that of 30 Hz flicker
responses after light adaptation [25].

Because the b/a wave amplitude ratio is believed
to correlate with the total number of functioning
retinal elements, it is useful in evaluating retinal
function [26]. The value of the b/a ratio tends to
increase with time following surgery. This indicates
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Fig. 2 Percentages of amplitudes of rod system response and
30 Hz flicker responses compared to the control values before
and after surgery (%) (** P < 0.001)

that after surgery the recovery of the b wave is greater
than that of the a wave, which is consistent with
animal experiments carried out by Kamei et al. [27].
The increase in the amplitude following reattachment
suggests that the functions of the inner layer are
improved, which reflects the degree of repair and
reconstruction of internal structures.

OPs are a group of rhythmic small waves added on
the rising phase of the b wave. Various wavelets may
originate from different levels of the retina, and they
are closely related to the microcirculation in the inner
retina [15, 16]. Previous studies [9, 10] indicated that
several parameters, such as blood flow rate and
priming volume of the chorioid and retina, and the
vascular diameter, decrease after scleral buckling
surgery. It was believed that these effects were
responsible for the long-term defects in visual function
even after successful retinal reattachment. Schepens
[28] proposed that the intra-ocular pressure during or
after surgery influences retinal reattachment and the
recovery of visual function after scleral buckling. In
our study, the observed ocular pressure was within the
normal range, and no ischemic symptoms or signs
were found. However, the changes in OPs after
surgery suggest that the microcirculation does not
recover to the same extent in the various levels of the
inner layer. A previous study [13] showed that OPs
including the amplitude of O1 and the sum amplitude
had a significant postoperative improvement. One
reason for these improvements was that more than half
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of these patients received the segmental scleral buckle
procedure. A better improvement of the a-wave and
b-wave were also observed in this group of patients. It
is possible that in our study, the persistent reduction of
OPs may be due to the encircling band, which was
placed in all of our patients. Although the encircling
circumferential buckle procedure can relieve the
traction between the vitreous and the retina in the
periphery and simplify the operation, it may be a factor
that influences the postoperative recovery of retinal
function.

Cryoretinopexy in the operation also produces a
certain amount of damage to the retina. It has been
indicated that the retina becomes thin in the operated
region, and as the internal limiting membrane is lost,
pigments accumulate under the retina, This leads to
atrophy of the pigment epithelium, thinning of the
chorioid, and a decrease in vessel number [29]. These
changes are often still present even a year after
cryoretinopexy. In addition, the adherence between
the pigment epithelium and the sensory layer is
different from normal adherence, and changes can be
observed in the retina after electric or laser coagu-
lation [30]. These changes may be important factors
that influence the recovery of visual function after
surgery.

In summary, our results indicate that after retinal
reattachment surgery, visual function underwent an
incomplete recovery during follow-up period. This
indicates that there may be irreversible damage that
occurs following retinal detachment and surgery.
These results provide a basis for future, larger scale
clinical studies.
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