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choroidal detachment (CD) in eyes with rhegmatogenous retinal detachment (RRD).
Trophic disturbances of the retina in axial myopia have been previously confirmed
by electroretinography (ERG) data, and are likely to play an important role in the
pathogenesis of RRD complicated by CD. To the best of our knowledge, no study has
examined in detail the ERG in myopic patients operated for RRD combined with CD.
Purpose: 1) To investigate the bioelectrical activity of the peripheral retina after
successful surgery for combined RRD and CD in patients differing in the degree of
myopia, and 2) to compare the characteristics with those of normal eyes and myopic
patients successfully operated for uncomplicated RRD.

Materials and Methods: Fifty two patients (52 eyes) were included into the study 3
months after undergoing a single successful vitrectomy with gas tamponade, either
for uncomplicated RRD (32 eyes), or combined RRD and CD (20 eyes). They were
divided into four groups: Groups 1 and 2 (moderate and high myopes after surgery for
uncomplicated RRD; 21 and 11 patients, respectively), and Groups 3 and 4 (moderate
and high myopes after surgery for combined RRD and CD; 9 and 11 patients,
respectively). Fourteen age-matched individuals (28 eyes) without any ocular or
systemic disease were enrolled as controls (Group 5). Scotopic rod response, scotopic
combined rod-cone response, and scotopic oscillatory potentials (OPs) were recorded
to examine the bioelectrical activity of the peripheral retina.

Results: The b-wave amplitude of scotopic rod-mediated response (the summed
response of the midperipheral retinal layers to a weak flash arising from the rods
in the dark-adapted eye) in myopic eyes in Groups 3 and 4 was 12-fold lower than
in normal eyes, 4.3- to 8.8-fold lower than in the fellow eye, and 2.9- to 8.4-fold
lower than in myopic eyes in Groups 1 and 2. In addition, the a-wave amplitude
(the response of the peripheral retinal photoreceptors) in myopic eyes in Groups 1
and 3 was 1.8-fold lower than in normal eyes, and in highly myopic eyes, 3.4-fold
lower than in normal eyes. The b-wave amplitude of scotopic combined rod-cone
response (representing the activity of the midperipheral retinal layers) in Groups 3
and 4 was 2.5-fold and 7.5-fold lower, respectively, than in normal eyes, and 1.5-fold
and 4.4-fold lower, respectively, than in the fellow eye, and 1.87-fold lower than in
myopic eyes in Groups 1 and 2. The OP amplitude in myopic eyes in Groups 3 and
4 was 8.2-fold lower than in normal eyes, 4-fold lower than in the fellow eye, and
2.6- to 5.5-fold lower than in myopic eyes myopic eyes in Groups 1 and 2. The b-wave
implicit time of scotopic combined rod-cone response in myopic eyes in Groups 1
to 4 was 19.9% (p < 0.05) longer than in normal eyes. In addition, myopic eyes in
Groups 1 to 4 had similar a-wave implicit time compared with normal eyes. We found
direct correlations between BCVA and b-wave and a-wave amplitudes of the scotopic
rod-mediated response ERG (r = 0.59 and r = 0.67, respectively), b-wave amplitude
of the scotopic combined rod-cone response ERG (r = 0.5), and OP amplitude (r =
0.62), and an inverse correlation (r=-0.63) between BCVA and b-wave implicit time
for the scotopic combined rod-cone response ERG in myopic patients after surgery
for combined RRD and CD.

Conclusion: In myopic patients after surgery for combined RRD and CD, the
bioelectrical activity of the peripheral retina was found to be low
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Introduction

It is generally accepted that rhegmatogenous retinal
detachment (RRD), when complicated by choroidal
detachment (CD), has an especially unfavorable prognosis
[1-3], with clinically apparent intraocular inflammation
being a feature of the disease [4, 5]. RRD is a degenerative
disease with clinical signs of retinal hypoxia, which
even if uncomplicated, is associated with expression of
inflammatory mediators in ocular tissues and fluids [6].

Compared with the patients with uncomplicated RRD,
cytokines, chemokines, and growth factors in patients with
combined RRD and CD have been found significantly
up-regulated [7], possibly due to a difference in baseline
levels of trophic disturbances.

It is, however, possible that, in the presence of RRD,
it is the eyes that are morphologically predisposed to
the complication (i.e., those in which early degenerative
changes are more apparent) where choroidal detachments
might develop. Our hypothesis on apparent trophic
disturbances of the retina in patients with combined RRD
and CD is substantiated by the following.

Combined RRD and CD are known to occur more
often in highly myopic eyes [8]. Trophic disturbances
of the retina in axial myopia have been confirmed by
electroretinogram (ERG) studies [9]. High prevalence of
high myopia[10, 11] and high frequency of combined RRD
and CD (up to 18.9% of all cases with RRD) in Chinese
population versus 0.5-4.5% in European populations [8,
12-14] illustrate this relationship.

Given the above, investigation of the degree of trophic
disturbance in the retina in patients with combined RRD
and CD would contribute to the body of knowledge on the
pathogenesis of this specific form of retinal detachment.

The purpose of this study was 1) to investigate
the bioelectrical activity of the peripheral retina after
successful surgery for combined RRD and CD in patients
differing in the degree of myopia, and 2) to compare the
characteristics with those of normal eyes and myopic
patients successfully operated for uncomplicated RRD.

Materials and Methods

Fifty two patients (52 eyes) were included into the study
3 months after undergoing a single successful procedure,
either for uncomplicated RRD (32 patients, 32 eyes), or
combined RRD and CD (20 patients, 20 eyes). They
were divided into four groups: Groups 1 and 2 (moderate
and high myopes after surgery for uncomplicated RRD;
21 and 11 patients, respectively), and Groups 3 and 4
(moderate and high myopes after surgery for combined
RRD and CD; 9 and 11 patients, respectively). Patients
with uncomplicated RRD were comparable with those
with combined RRD and CD with regard to period of
detachment (19.2+8.3 days vs 17.5+£13.2 days), type of
surgery (vitrectomy, retinal laser photocoagulation, and
perfluoropropane tamponade) and age (53.8+17 years).
Operated eyes demonstrated a refractive error that was
comparable to the fellow eyes, and peripheral retinal
degeneration was observed in both the operated and fellow

eyes. Fourteen individuals (28 eyes) without any ocular or
systemtic disease were enrolled as controls (Group 5).

Exclusion criteria were history of previous vitreoretinal
surgery, ocular trauma, glaucoma, age-related macular
degeneration, epi- or submacular membrane, macular tear,
diabetic or vascular retinal disorders. Operated and fellow
eyes were assessed for bioelectric retinal activity. A full
field (Ganzfeld) ERG examination was performed using
electrophysiological test unit Retiscan according to ISCEV
Standard ERG protocols [15], which included scotoptic
rod response, scotopic combined rod—cone response and
scotopic oscillatory potentials.

Pupils were dilated, and skin reference electrodes (of
< 5 kOhm impedance) were placed near the orbital rim.
Thereafter, the patient underwent dark adaptation for
20 minutes, 2-3 anesthetic eye drops were administered
topically, and the contact lens electrode was placed on the
eye. The responses were evoked by flashes of different
intensities and durations, and with different numbers of
flash stimuli per session, as per ISCEV Standard ERG
protocols [15].

Data base development and analysis was performed
using Statistica 10.0 (StatSoft, Tulsa, OK, USA) software.
Distributions were tested for normality using histogram
plots and the Kolmogorov-Smirnov test. The parametric
Student's t test was used to determine significant differences
between two normally distributed samples. Wilcoxon
signed-rank test and Mann-Whitney U test were used
for the comparison of two samples when the underlying
distributions were not normal. Non-parametric Spearman
correlation coefficient (rs) was used to determine the linear
relationship between the variables.

Results

There was no difference between the two groups of
moderate myopes (Group 1 and Group 3) and between
the two groups of high myopes (Group 2 and Group 4)
with regard to uncorrected visual acuity (UCVA) in the
affected eye (0.18+0.09 and 0.04+0.01, respectively; Table
1). In addition, there was no difference between the two
groups of moderate myopes with regard to best-corrected
visual acuity (BCVA; 0.344+0.09). There was, however,
a significant difference between the two groups of high
myopes (Group 2 and Group 4), with regard to BCVA
in the affected eye (0.26+0.04 vs 0.14+0.02, p < 0.05).
Therefore, in patients who had undergone surgery for
either RRD alone or combined RRD and CD, the BCVA
in the affected eye was lower than normal, and depended
on the refractive error, and on whether the patient had a
history of RRD alone or combined RRD and CD. The
BCVA in the affected eye in Group 4 was 46% lower (p
= 0.04) than in Group 2, and 61% lower than in moderate
myopes of Groups 1 and 3.

The BCVA in the fellow eye in moderate myopes of
Group 1 was 0.87+0.06, which was 33% higher than in
high myopes of Group 2 (0.58+0.07, p < 0.05). There
was no significant difference in the BCVA in the fellow
eye between patients who had undergone surgery for
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combined RRD and CD (Groups 3 and 4) and those who
had undergone surgery for RRD only (Groups 1 and 2;
Table 1).

Next, we examined a b-wave of the scotopic rod
response for the ERG to a dark-adapted eye, which is a
combined response arising from bipolar rod cells and
Miiller cells of the peripheral retina (Table 2).

It should be noted that, since only one moderate myope
that had undergone surgery for combined RRD and CD
underwent ERG examination, this case was not included
in the analysis. However, his affected eye demonstrated
decreased bioelectrical activity.

There was no difference in b-wave implicit time for the
scotopic flash ERG in the affected eye between the groups.
In addition, there was no difference in this parameter
between the affected eye and the fellow eye. The median
b-wave implicit time for the five groups was 85.4+ 2.5 ms.

In the ERGs to a weak flash arising from the rods in
the dark-adapted eye, b-wave amplitudes were found to
differ between study groups (Table 2). The mean b-wave
amplitude in the control group was 109.7+45.0 uV (median
value, 113.0 uV; 95% CI, 86.0 uV to 132.0 pV). All non-
control groups had significantly lower b-wave amplitudes
than controls. Thus, in moderate and high myopes who
had undergone surgery for uncomplicated RRD, the
b-wave amplitude was 2.1-fold lower (median, 56.4 uV)
and 4.4-fold lower (median, 20.9 puV), respectively, than
in controls (p < 0.05). In moderately and highly myopic
eyes that had undergone surgery for RRD complicated by
CD, the b-wave amplitude was the lowest compared to
normal eyes, and was 12-fold lower compared to normal
eyes (95% CI, 2.5 pV to 39.4 pV; p = 0.001).

Therefore, examination of the bioelectrical activity
of the peripheral retina in the affected eye based on the
b-wave amplitude demonstrated that the most severe
damage to retinal function was found in Groups 3 and 4
(Table 2). In these groups, the median b-wave amplitude
was 9.4 uV, which was 2.9-fold lower (p = 0.003) than
in Group 2 (high myopes who had undergone surgery for
uncomplicated RRD), and 8.4-fold lower (p = 0.0001) than
in Group 1 (moderate myopes who had undergone surgery
for uncomplicated RRD).

It is interesting that, compared with the fellow eye, the
b-wave amplitude in the affected eye in Group 1 was two-
fold lower (p = 0.04), and in Group 2 was not significantly
different. In addition, in moderate and high myopes who
had undergone surgery for RRD complicated by CD, the
b-wave amplitude in the affected eye was 4.3-fold lower (p
=0.01), and 8.8-fold lower (p = 0.001), compared with the
fellow eye (Table 2).

We found a direct correlation (r=0.5; p < 0.05) between
BCVA and b-wave amplitude of the peripheral retina in the
affected eye.

The scotopic combined rod-cone response ERG
reflects the functional activity of the outer and midretinal
layers (the photoreceptors of rods and cones, and the
relevant bipolar cells and Muller cells), presumably

from the peripheral retina. In the scotopic combined rod-
cone response ERG, the negative a-wave arises from the
photoreceptors (i.e., the photopic and scotopic system
composed of cones and rods) [16], and is characterized
by a time-relevant parameter, latency or implicit time
(milliseconds) and composite bioelectrical parameter,
amplitude (microvolts). According to the convention,
the a-wave amplitude is measured from the average, pre-
stimulus baseline to the a-wave trough, and the implicit
time is measured from the time of the flash to the peak of
the wave [17]. In all postoperative patient groups, a-wave
amplitude, but not a-wave implicit time was significantly
different from that in controls, and the median a-wave
implicit time was 22.4 = 2.6 ms (Table 3).

Compared to controls (170.0+£36.7 pV), the a-wave
amplitude in moderate myopes and high myopes who
had undergone surgery for uncomplicated RRD was 1.75-
fold lower (p = 0.002) and 3.4-fold lower (p = 0.003),
respectively. Therefore, in the former myopes, this
characteristic was 1.9 higher than in the latter myopes, and
this difference was significant (p = 0.001).

Compared to controls, the a-wave amplitude in
moderate myopes and high myopes who had undergone
surgery for RRD complicated by CD was 2.0-fold lower
(81.7£14.3 uV; p = 0.002) and 3.4-fold lower (p = 0.003),
respectively (Table 3). Therefore, in the former myopes,
this characteristic was 1.7 higher than in the latter myopes,
and this difference was significant (p = 0.002; Fig. 1; Table
2).

In all postoperative patient groups, functional activity
of photoreceptors (assessed through the a-wave amplitude)
was significantly lower than in controls. The changes
seen in postoperative high myopes were more apparent
(with the a-wave amplitude being 1.7-1.9 lower) than in
moderate myopes (Fig. 2), and the presence of CD in the
history had no influence on the state of photoreceptors.

Therefore, the a-wave amplitude reflects the functional
state of photoreceptors, and compared to controls, its values
in high myopes after surgery for either uncomplicated RRD
or RRD combined with CD were 3.4-fold lower, whereas
in moderate myopes after surgery for either uncomplicated
RRD or RRD combined with CD were 1.9-fold and 1.7-
fold lower, respectively.

We found a direct correlation (r=0.67; p < 0.05)
between BCVA and a-wave amplitude in the scotopic
combined rod-cone response ERG for the affected eye.

In the scotopic combined rod-cone response ERG, the
positive b-wave arises from bipolar cells and Muller cells
of the midperipheral retina [18], and its amplitude and
implicit times are measured from a-wave trough to b-wave
peak and from the time of the flash to the peak of the wave
[17], respectively.

In all postoperative patient groups, b-wave implicit
time of the scotopic combined rod-cone response ERG
was significantly different from that in controls (44.7 =
1.3 ms). There was no significant difference in b-wave
implicit time between postoperative patient groups with
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the median value being 53.6+1.2 ms, which was 19.9%
(p < 0.05) longer than in controls. Therefore, irrespective
of the refractive error, the b-wave implicit time for the
combined response ERG in the affected eye of patients
who had undergone surgery for uncomplicated RRD
or RRD complicated by CD was longer than in controls
(Table 4). We found an inverse correlation (1=-0.63; p <
0.05) between BCVA and b-wave implicit time for the
scotopic combined rod-cone response ERG in the affected
eye.

In all postoperative patient groups, b-wave amplitude
for the combined response ERG in the affected eye was
also significantly different from that in controls. Compared
to controls (409.7+60.0 pV; 95% CI, 374 uV to 443 nv;
Table 4; Fig. 3), this characteristic in moderate and high
myopes who had undergone surgery for uncomplicated
RRD was 1.7-fold lower (p = 0.002; 241.3£29.7 nV;
Group 1) and 2.84-fold lower (p = 0.0005; 144.1+17.3
pwV; Group 2), respectively. In moderate and high myopes
who had undergone surgery for RRD complicated by CD,
b-wave amplitude for the combined response ERG in
the affected eye was 159.5£53.0 pV, and 54.6+27.8 pV,
respectively. No statistically significant differences in
b-wave amplitude for the combined response ERG in the
affected eye was found between these groups due to a high
intragroup variation in this characteristic (100%; 98 to 284
uV for Group 3 and 124%; 22 to 141 pV for Group 4). The
median b-wave amplitude for the combined response ERG
in the affected eye for groups 3 and 4 was 112+90 pV.
Compared to moderate (Group 1) and high myopes (Group
2) who had undergone surgery for unncomplicated RRD,
b-wave amplitude for the combined response ERG in the
affected eye in high myopes who had undergone surgery
for RRD complicated by CD (Group 4) was 4.5-fold lower
(p = 0.0006) and 2.7-fold lower (p = 0.08), respectively
(Table 4). The median value for Groups 1 and 2 (210+£90
nV) was 1.87-fold lower than that for Groups 3 and 4
(112490 pV; p = 0.008).

Therefore, in moderate and high myopes who had
undergone surgery for RRD complicated by CD (Groups
3+4), median bioelectrical midretinal activity with regard
to b-wave amplitude for the scotopic combined rod-cone
response ERG in the affected eye was 1.87 lower than that
in those who had undergone surgery for uncomplicated
RRD (Groups 1+2) (p <0.05), and 3.7 lower than the norm.
We found a direct correlation (r=0.66; p < 0.05) between
BCVA and b-wave amplitude for the scotopic combined
rod-cone response ERG in the affected eye.

In addition, we found that, in high myopes who had
undergone surgery for uncomplicated RRD, and in
moderate and high myopes who had undergone surgery
for RRD complicated by CD, median b-wave amplitude
for the combined response ERG in the fellow eye was
1.7 lower than the norm. Furthermore, in Groups 1, 2, 3
and 4, b-wave amplitude for the combined response ERG
in the fellow eye was 1.6, 1.8, 1.5, and 4.4-fold lower,
respectively, than that in the affected eye (Table 4).

Median b-wave implicit time for the combined
response ERG in the affected eye in Groups 1 to 4 was
19.9% longer than the norm (p < 0.05). Median b-wave
amplitude for the combined response ERG in Groups 1
and 2 was 1.7 and 2.8-fold lower, respectively, than the
norm (p < 0.05). In addition, median b-wave amplitude
for the combined response ERG in Groups 3 and 4 was
1.87-fold lower, than that in Groups 1 and 2, and 3.7 lower
than the norm (p < 0.05).

Oscillatory potentials

A group (3 —5) of small high-frequency waves may be
detected on the ascending limb of the b-wave of normal
human ERG and they are known as oscillatory potentials
(OPs). They represent interactions between inner retinal
cells, including amacrine cells [17]. In addition, OPs
indirectly reflect the state of retinal trophism [17], and
reduced amplitude of OPs characterizes the ischemia of
the internal retina [19]. The OP amplitude is measured
from the baseline to the peak of the OP.

Mean OP amplitude in Groups 1 and 2 was 17.4+16.6
puV and 7.8+4.6 pV, respectively, which was 2.6-fold (p
= 0.004) and 5.6-fold (p = 0.001) lower, respectively,
compared to controls (44.9 £13.5 uV) (Table 5).

There was no significant difference in OP amplitude
between moderate and high myopes who had undergone
surgery for RRD complicated by CD, with the median
value being 5.23+£3.6 pV, which was 8.2-fold lower
compared to controls (p = 0.001). Moderate myopes
who had undergone surgery for RRD complicated by CD
exhibited a 4-fold decrease in OP amplitude (p = 0.01)
compared to the fellow eye. However, the difference in OP
amplitude between the affected and fellow eyes in Group
4 was insignificant due to highly variable data (Table 5).
We found a direct correlation (1=0.626; p < 0.05) between
BCVA and OP amplitude in the affected eye.

When comparing the operated eyes of Group 4 with
those of Group 1, the OP amplitude was reduced 4.25-fold
(p = 0.03). When comparing the groups for differences
in OP amplitude between the affected and fellow eyes,
the greatest difference (a 4-fold reduction; p = 0.04) was
found in moderate and high myopes who had undergone
surgery for RRD complicated by CD, and the lowest (a
1.9-fold reduction; p = 0.02) in moderate myopes who had
undergone surgery for uncomplicated RRD.

Discussion

Acretinal detachment is a separation of the neurosensory
retina from the retinal pigment epithelium, a serious
condition that can lead to blindness [20]. Photoreceptors,
the outer nuclear layer and the outer plexiform layer
obtain oxygen and nutrients from the choriocapillaris
choriocapillary network; a retinal detachment causes the
development of the ischemic process in these layers. The
damage may spread to the inner retinal layers due to raised
intraocular pressure and/or impaired retinal autoregulation
[21].
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According to Azarmina and colleagues [20], a steady
improvement in the bioelectrical activity of retinal
components occurs as early as 3 months after retinal re-
attachment surgery, and this improvement remains stable at
the 6 month follow-up visit. The authors refer to a number
of experimental studies in which it has been demonstrated
that photoreceptor ultrastructure recovers completely
one month after re-attachment surgery [22]. Following
reattachment, the ultrastructural relationship between the
photoreceptors and the RPE is re-established, but it does
not return to the predetachment state even after short
detachment episodes coupled with prolonged recovery
periods. All of the reattached retinae show some degree of
abnormality, ranging from subtle changes in photoreceptor
ultrastructure to dramatic degenerative effects in the outer
retina. Photoreceptor recovery varies widely between
adjacent regions within the same retina. In some retinae,
recovery in cones is inferior to that in rods [23].

Parallelism in improvement of retinal and visual
function after re-attachment surgery is deemed to be
important. A number of factors can compromise the
recovery process. This is related, in particular, to the
conditions with the initial malnutrition of retinal cells,
e.g., due to pathological myopia, where a reduced blood
volume in the eye is commonly observed [24]. Westall and
co-authors reported a linear reduction in the logarithmic
transform of ERG amplitude with increasing axial length
[9]. A choroidal detachment contributes to a significantly
impaired retinal nutrition, with a subsequent insufficient
improvement in photoreceptor and visual function after
anatomically successful re-attachment surgery. The
occurrence of CD in eyes with primary RRD is relatively
uncommon (2%-4.5% [3] to 8.6% [8]). Longer axial length
is a risk factor, along with the location of the retinal breaks,
and the extent of retinal detachment [8]. That is why in this
paper we give particular attention to the analysis of retinal
function in the eyes with different degrees of myopia
which underwent anatomically successful re-attachment
surgery for combined RRD and CD.

We found that myopic eyes that underwent surgery for
either RRD only or combined RRD and CD had similar
a-wave implicit time compared with normal eyes, but,
irrespective of the degree of myopia and whether they
underwent surgery for either RRD only or combined RRD
and CD, their median b-wave implicit time was 19.9% (p
< 0.05) longer than in controls. It has reported that implicit
time of the ERG response from the intact retina did not
change with an increase in axial length [9].

Regeneration of photoreceptor outer segments and
restoration of the anatomical relationship between the
neurosensory retina and the RPE may explain recovery of
retinal function after retinal reattachment [25].

In the current study, the a-wave amplitude of the
scotopic combined rod-cone response ERG, which reflects
the activity of the peripheral retina photoreceptor layer,
was 1.8-fold lower in highly myopic eyes that underwent
surgery for either RRD only or combined RRD and CD,

than in moderately myopic eyes that underwent surgery for
either RRD only or combined RRD and CD. Iin moderate
and high myopes who had undergone surgery for RRD
complicated by CD (Groups 3+4), median bioelectrical
midretinal activity with regard to b-wave amplitude for the
scotopic combined rod-cone response ERG in the affected
eye was 1.87 lower than that in those who had undergone
surgery for uncomplicated RRD (Groups 1+2) (p < 0.05),
and 3.7 lower than the norm.

According to Gong et al. [26], the amplitude of the
scotopic b wave in operated eyes was 58.1% of the control
eyes. In our study, the amplitude of the scotopic b wave
in myopic eyes that had undergone surgery for combined
RRD and CD was 12-fold lower compared to normal eyes.

Function and trophism of the inner peripheral retina
was least disturbed in moderately myopic eyes after
surgery for uncomplicated RRD, and most disturbed in
highly and moderately myopic eyes after surgery for RRD
complicated by CD (with a 8.2-fold lower OP amplitude
than in normal eyes).

Therefore, outer retinal photoreceptor function was
more impaired in highly myopic eyes after surgery for
either uncomplicated RRD or RRD combined with
CD (with the a-wave amplitude 3.4-fold lower than in
controls), whereas midretinal function was more impaired
in myopic eyes after surgery for RRD combined with CD
(with the b-wave amplitude 3.7- to 12-fold lower than
in controls), which provides evidence on the severity
and depth of ischemia in CD. In addition, there were
correlations of BCVA with amplitudes of responses from
photoreceptors, midperipheral retina, as well as amacrine
cells of the peripheral retina.

Our findings are in agreement with those of Azarmina
et al. [20], who demonstrated that BCVA improvement
occurs in parallel with improvement in ERG response.
Therefore, in the presence of anatomical retinal
reattachment, the functional outcome was affected by the
presence of myopia and choroidal detachment, which is
likely to be associated with severe retinal ischemia.

Conclusion

First, the b-wave amplitude of scotopic rod-mediated
response (the summed response of the midperipheral
retinal layers to a weak flash arising from the rods in
the dark-adapted eye) in myopic eyes after surgery for
combined RRD and CD was 12-fold lower than in normal
eyes, 4.3- to 8.8-fold lower than in the fellow eye, and
2.9- to 8.4-fold lower than in myopic eyes after surgery for
uncomplicated RRD.

Second, the a-wave amplitude of scotopic combined
rod-cone response (the response of the peripheral retinal
photoreceptors) in moderately myopic eyes after surgery
for either uncomplicated RRD or combined RRD and
CD was 1.8-fold lower than in normal eyes, and in
highly myopic eyes, 3.4-fold lower than in normal eyes.
In addition, the b-wave amplitude of scotopic combined
rod-cone response (representing the activity of the
midperipheral retinal layers) in moderately and highly
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myopic eyes after surgery for combined RRD and CD was
2.5-fold and 7.5-fold lower, respectively, than in normal
eyes, and 1.5-fold and 4.4-fold lower, respectively, than
in the fellow eye, and 1.87-fold lower than in myopic eyes
after surgery for uncomplicated RRD.

Third, OP amplitude (that reflects the function of
amacrine cells and the trophism of the inner retinal layers)
in moderately and highly myopic eyes after surgery for
combined RRD and CD was 8.2-fold than in normal eyes,
4-fold lower than in the fellow eye, and 2.6- to 5.5-fold
lower than in myopic eyes after surgery for uncomplicated
RRD.

Fourth, b-wave implicit time of scotopic combined
rod-cone response in all myopic eyes after surgery for
either uncomplicated RRD or combined RRD and CD
was 19.9% (p < 0.05) longer than in normal eyes. In
addition, myopic eyes that underwent surgery for either
uncomplicated RRD or combined RRD and CD had
similar a-wave implicit time compared with normal eyes.

Finally, we found direct correlations between BCVA
and characteristics of electric retinal activity like b-wave
amplitude of scotopic rod-mediated response ERG (r =
0.59), a-wave amplitude of the scotopic combined rod-
cone response ERG (r = 0.67), b-wave amplitude of the
scotopic combined rod-cone response ERG (r = 0.5), and
OP amplitude (r = 0.62). In addition, we found an inverse
correlation (r=-0.63; p <0.05) between BCVA and b-wave
implicit time for the scotopic combined rod-cone response
ERG in the affected eye.
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Table 1. Visual acuity and best correction in myopic patients after uncomplicated RRD (Groups 1 and 2) or RRD complicated
by CD (Groups 3 and 4)

Affected eye Fellow eye

Ne Pacpaxumn Visual acuit Best correction | Best-corrected | Visual |Best correction| Best-corrected

rpynnbi paku y (D) visual acuity acuity (D) visual acuity
Mim Mtm Mim Mim Mtm Mim

1 Moderate myopia | 0.180.04 -3.75+0.35 0.36+0.04 0.5+0.06 -2.75+0.0.4 0.87+0.06

2 High myopia 0.03+0.009 -10.6+0.9 0.26+0.04 | 0.09+0.03 -8.5%1.1 056:0.07°(1-2)

3 Moderate myopia 0.18+0.1 -4.9+0.4 0.32+0.1 0.21+0.06 -4.3+0.9 0.75+0.1

+
4 |Highmyopa | OO0 | 96100 | 014200204 | 0.120.06 | 120416 | 05:0.1%0%

Table 2. B-wave implicit time (ms) and amplitude (uV) of scotopic rod response in patients with myopia of different degrees after
either uncomplicated rhegmatogenous retinal detachment (RRD) or RRD complicated by choroidal detachment

5 Affected eye (AE) Fellow eye (FE) § §l<‘tJ
= 2 S@c
= o 's o ow
o > 0 o . ey gr . PPN . b= =l ATH
S £ = 3 Implicit time (ms) Amplitude (pV) Implicit time (ms) Amplitude (pV) €35 25

“ O — —H—“
a 85

{=2]

a Mto | 95%Cl Mtc | Me | 95%Cl | Mto | 95%Cl Mtoc | Me | 95%cCl p
Moderate | 2922 77141 4 [32.1-122,1|84.1+6.8 | 80.0-88.0 | 134.0+19.1[108.1(90.1-177.1| 0.04
myopia 85.4+7.2 | 78.2-92. 1415.0 | 56.4 |32.1-122,1| 84.1+6.8 | 80.0-88. .0£19. 1[90.1-177. .

RRD
High myopia| 2 |75.3+10.9|47.0-103.3 | 26.5¢8.3 [20.9 | 5.1-47.9 |88.6+5.2|70.1-90.2 | 54.5¢+13.54 | 46.7 | 19.5-89.4 | 0.2
Moderate 13.5¢13.1| 7.8 | 8.2-39.4 |83.8+7.3(81.0-92.0| 66.3+20.0 | 43.8 | 39-87 | 0.01
myopia 3 | 84.848.3 | 82.0-90.0 | 13.5¢+13.1] 7. 2-39. 847.3(81.0-92. 3220. . - .
RRD
+CD
High myopia| 4 |86.39.3 | 83.0-91.0 | 4.5¢3.8 | 3.5 |2.25-14.8 |85.8+7.3|87.0-97.0| 29.64¢5.3 |30.5| 3.0-19.6 | 0.001
No |Emmetropia| 5 |84.38.3 | 80.0-88.0 [109.7+45.0[113.0/86.0-132.0| 84.3+8.3 | 80.0-88.0 | 109.7+45.0{113.0|86.0-132.0/ 1.0
Significance of P2-5=0.001 P2-5=0.009
difference between P3-5=0.001 P3-5=0.006
groups (p) P4-5=0.001 P2-4=0.002
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Table 3. Comparing a-wave implicit time (ms) and amplitude (uV) of combined rod-cone response in patients with myopia
of different degrees after either uncomplicated rhegmatogenous retinal detachment (RRD) or RRD complicated by choroidal

detachment (CD)
= Affected eye (AE) Fellow eye (FE) Significance
> g2 of difference)
(=2
§ E % g Implicit time (ms) Amplitude (uV) Implicit time (ms) Amplitude (uV) be;:ze:EAE
= o £ (G)
(T @ E
o
%“’ Mto | 95%ClI Mic Me 95% Cl Mito | 95%ClI Mt o Me 95% CI P
a
Moderate 1
myopia 24.1£1.0{21.0-26.5| 97.3+18.7 | 84.4 | 55.1-139.1 |122.3+0.7| 20.6-23.9 {174.0£19.1|108.1|122.1-226.1 0.05
RRD
:i)?:pia 2 24.310.6{22.0-25.3| 50.3+14.3 | 44.2 | 13.3-87.2 |22.5+0.8/20.1-24.2 | 88.5£10.3 | 46.7 | 61.3-114.7 0.2
Moderate
myopia 3 22.1+3.8(17.2-26.2| 81.7+14.3 | 89 |28.1-135.2|23.2+1.0(21.2-25.0 {140.0+22.3|130.0| 111.0-168.0 0.07
RRD
+CD |
:I)?:pia 4 121.5£¢3.6(15.6-27.4| 48.5+28.7 | 60.5 | 2.8-98.4 |22.5+4.1|15.9-29.0 [105.4+58.3| 98.7 | 12.9-198.1 0.1
No |Emmetropia| 5 |20.2+2.6{18.7-21.8{170.0£36.7| 170 [149.0-190.0|20.2+2.6| 18.7-21.8 |170.0+£36.7| 170 |149.0-190.0
Significance of P1-5=0.002 p1-2=0.001 P2-5=0.009
difference between P2-5=0.003 p1-4=0.05 P3-5=0.006
groups (p) P4-5=0.03  p3-4=0.002 P1-2=0.002
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Table 4. Comparing b-wave implicit time (ms) and amplitude (uV) of combined rod-cone response in patients with myopia
of different degrees after either uncomplicated rhegmatogenous retinal detachment (RRD) or RRD complicated by choroidal

detachment (CD)
= Affected eye (AE) Fellow eye (FE) Significance
= 'g_ _g of difference|
(=]
S| EL | 5| mplicittime (ms) Amplitude (uV) Implicit time (ms) Amplitude (uV) be;";ze:EAE
5| SE |o
o
%‘“ Mto | 95%Cl | Mtoc | Me | 95%Cl | Mto | 95%Cl | Mto | Me | 95%Cl P
[=]
m;’g;':te 1 154.141.0|50.3-57.6|241.3£29.7|213.4|174.1-307.9|50.0£0.7| 48.2-51.7 | 378.0429.8| 398.1(310.1-4451|  0.02
RRD
:i?:pia 2 |54.563.2(46.2-62.7|144.1£17.3|138.5100.3-187.8|49.5+1.1 46.1-52.5 | 258.3+15.3| 246 5|219.4-297.3|  0.03
m;’g;r:te 5 [52445.8(44.0-68.0(150.5:53.1/193.0| 98.2-284.0 41.247.3| 31.0-51.0 [240.6+40.0( 234.8| 180-301.0 |  0.04
RRD
+CD |
:I)?:pia 4 |52.3£2.3|47.3-56.7| 54.6+27.8 | 37.5 | 22.2-141.8 [42.247.3| 29.0-54.0 |235.6462.3| 230.5[135.0-334.6|  0.06
No |Emmetropia| 5 |44.7+1.3|43.0-47.0/409.7£60.0|395.0|374.0-443.0{44.741.3| 43.0-47.0 |409.7460.0| 395.0 | 374.0-443.0
P2-5=0.009
- P1-5=0.001 P1-520.002  p2-4=0.08 -
j,'#g;;'ﬁigie )°f P2-5=0.002 P2-5=0.0005 p1-4=0.0006 P1-3=0.02 Eijg;g'ggg
botaear rgu S P3-5=0.007 P3-5=0.001 P1-4=0.01 D1320.03
group P4-5=0.004 P4-5=0.003 D1a20.08
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Table 5. Comparing oscillatory potential (OP) amplitudes in patients with myopia of different degrees after either uncomplicated
rhegmatogenous retinal detachment (RRD) or RRD complicated by choroidal detachment (CD)

© Significance
g2 of difference
? E. g N Affected eye (AE) Fellow eye (FE) between AE
°| Bg |8 and FE__
= 2E |O
o % g Mt o 95% ClI Mio Me 95%Cl| Mto | 95%CI Mt o Me 95% CI P
(=]
Moderate | 1| 17 44166 | 11.0 | 10.0-33.2 | 3326187 | 326 | 20~ | 002 [378.0429.8]308.4| 3101 0.02
myopia 38.6 4451
RRD
High 2 15.0- 219.4-
myopia 7.8:46 | 81 | 28130 | 224158 | 198 | 0 | 003 |258.3:15.3(246.5| o - 0.03
Moderate 6041 | 45 | 10112 | 236475 | 240 | 43 | 004 |2408+40.0(234.8/180-301.0| 0.04
myopia 3 33.0
RRD
+CD [
High 4| 42431 | 29 | 1092 | 164287 | 270 |25303| 006 |2356462.3[2305| 1220 | 006
myopia 334.6
No |Emmetropia| 5 |44.9+135| 430 |37.0-52.8 [449+135| 430 | 37 409.7460.0395.0| 740
52.8 443.0
P1-5=0.004 P2-5=0.009
Significance of p1-4=0.03 P3-5=0.006
difference (p) P2-5=0.001 p4-5=0.002
between groups P3-5=0.001 P1-3=0.03
P4-5=0.003 P1-4=0.04
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200 Fig. 1. A-wave amplitude (pV) of combined rod-cone
. 53222135 response in the control group (Group 5), moderate myopes
& T Meani1,96*SE after surgery for uncomplicated rhegmatogenous retinal
§ 4 detachment (RRD, Group 1), high myopes after surgery
5 for uncomplicated RRD (Group 2), moderate myopes after
& 140 surgery for RRD complicated by choroidal detachment
2 (Group 3), and high myopes after surgery for RRD
g 120 complicated by choroidal detachment (Group 3)
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Fig. 3. Mean b-wave amplitude (uV) of combined rod-cone
Elmz:tSE response in the control group (Group 5), moderate myopes
400 | |T Meant1,96*SE @ after surgery for uncomplicated rhegmatogenous retinal

detachment (RRD, Group 1), high myopes after surgery
for uncomplicated RRD (Group 2), moderate myopes after
300 surgery for RRD complicated by choroidal detachment
a (CD; Group 3), and high myopes after surgery for RRD
complicated by CD (Group 3)
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