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Abstract

Purpose To perform association analyvses between the measurements of photopic negative response (PENR) evoked by two
ISCEW protocols.

Methods A wotal of 172 eyes [rom 72 post-operative pediatric cataract patients amd 24 healthy culdren were enrolled. The
pmplitwde and peak tme of PhNR were analyzed in three eye groups, 1. bealthy controls: 2. fellow eyes of unilaterally
uffected putients; 3. affected eyes. PhNR responses were measured with skin-electrodes and evoked by the ISCEV standard
protocols of PhNE and light-adapted 3.0, referred 1o as PANR1 and PhNR2. The correlation coefficients between PhNR1
and PhNK2 measurements were calculated. The generalized estimating equation (GEE) model of PRNRI, with PhRNR2 as a
predictor, was evaluated after adjusting for correlation between paired eyes.

Results Both the amplitude (#=0.025) and the peak time (P =0.036) of PhNR1 showed a significant difference among
the three cye groups, which was not ohserved in PRNR2. The four correlation coefficients (Pearson, Intraclass, Lin's and
Kendall's) between 7-score transformed PhNR 1 and PANR2 measurements were generally moderate: (0,32, 0,52, (L,52, 0,36
for amplitude (P < 0,001 ), and (0,57, 0,57, 0.57, 0,36 for peak time (P < 0,001 ). The amplitade of PRNR ] cannot be precisely
predicted by PhNRZ, with a mean absolute percentage error (MAPE) of 36.7%, while the peak time of PhNR ] can be pre-
cisely predicied with a MAPE of 3.9%.

Conclusions PhNR1 appears to be a more sensitive measure than PhINR2 for detecting eye group differences. Further research
is needed to confirm this and explore iis clinical applications. PRNR 1 may not be entirely replaced by PhNE2 due 10 moder-
ate correlation and low prediction precision in amplitude.

Koy messages

What i known

* There are two main methods o evoke PhNR: the standard LA 3.0 ERG protocol and the ISCEVY specialized protocol, but
their comparability is unclear, affecting study consistency.

What is new

* Inour study, the ISCEV specialized protocol may offer increased sensitivity in detecting differences among eyve groups,
but further research is needed to confirm this potential advantage.

* The two methods are not interchangeable due 1 moderate correlation and low prediction precision in amplitude.
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negalive response (PhNR] is the negalive-going polential
alter b-wave 1o light-adapled (LAY ERG. which reflects the
aelivity of retinal ganglion cells and their axons [ 1, 2]. Over
recent years, PANE has gained interest in research as an
important component of LA ERG, providing information
on retinal ganglion cells.

There are two major different methods to evoke the
PhNR. Firstly, as a component of LA ERG, PhNR can be
measured via the standard protocal of LA 5.0 ERG. using
a single white flash stimulus under white hackground lumi-
nance, according 1o the International Society for Clinical
F.Ioctrnph}minlng}’ aof Wision (ISCEV) |3], Meanwhile, the
ISCEV also published a specialized protocol for measuring
PhINR, which recommended wsing a blue background and
red light flash [ 1], since the narrowband stimuli are reported
Lo be more effective in eliciting PhNR response when com-
pared to the broadband stimuli in LA 3.0 ERG [4, 5].

In clinical practice and research, some apply the LA 3.0
ERG protocol [6-8], while others use the ISCEV PhNR pro-
tocol [9, 10 to evoke PhNR. However, it remains unknown
how the measurements of the PhINR responses by the two
protocols agree with each other, which makes it unclear
whether the oulcomes are comparable between studies
applying different protocols. On the other hand, if the two
PhMNH responses can predict each other precisely, it would be
sufficient to perform only LA 3.0 ERG in participants with
poor cooperation. This approach can save time and improve
participants’ comfort, However, to the best of our knowledge,
there is a lack of such evidence.

In this study, we performed full-field ERG tests hased on
the protocol of LA 3.0 ERG [11], followed by ERG using
the protocol for PRNR [1] in children. This study is based on
data from a clinical smdy comparing the ERG of congenital
cataract patients and healthy controls, The association analy
ses were conducied between the FhNR responses obiained
by different protocols, stratified by three eye groups: the
affected eyes, the fellow eyes, and the healthy eyes,

Methods
Study design and participants

From August 2020 to July 2022, this cross-sectional obser-
vation study was conducted at the Hangzhou Campus of the
Eve Hospital of Wenzhou Medical University. Post-oper-
ative pediatric cataract paticnts and healthy children werne
enrolled in this study. For the paticnts, cataract removal and
101 implantation were performed hefare entering this study
by the same surgeon (Y.Z) under general anesthesia with
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the Centurion ¥ision System {Alcon Co.. USA). The study
wis approved by the ethics committee of the Eye Hospital
of Wenzhouw Medical University {Relerence No. 2020-089-
K-81-01). Written informed consent was provided by all
participants’ parents/guardians.

Measurements
ERG examinations

Mydriasis was performed before the ERG tests with
Tropicamide Phenylephrine Eye drops (Santen Co., Lid.),
administered every 10 min for 3 times. ERG was conducted
without sedation in all participants using the MonpackOne
instrument (Metrovision, Perenchies, France), with both
eves of the same participant examined simultanecusly, The
skin electrodes (Model EEGWO2, BaiEnHongTai, Qingdao,
China) were used, with two active electrodes on the lower
eyelids, two reference electrodes near the outer canthi, one
ground elecirode on the forehead.

The LA 3.0 ERG was perlermed before the LA ERG
using the ISCEV standard prowcols of PANR [1, 11]. LA
3.0 ERG was performed after light sdaptaion. Under a back-
sround luminance of 30 cdim™, a single white flash stimulus
wis delivered for 5 ms with the strength of 3.0 cd-sm™2, and
then the ERG responses were recorded by the electrodes.
After a one-minute break under lighting conditions, the
ERC test for PRINK was then performed. With a background
luminance of hlue light (wavelength, 465 nm; strength of
L] crl-m':}, a ginglc Ted tlash [wa\rclcnglh, H1% nm; .rdri:ngth,
1.2 ed-s-m %) was delivered for 5 ms and then the ERG
responses were recorded. The b-wave amplitude was meas-
ured from the baseline to the peak of the first positive deflec
tion, The amplitude of PhINR was defined from the baseline
to the maximum trough of the negative-going wave afier the
initial i-wave following the b-wave, and the peak time was
defined as the corresponding time since stimulus onset [1].
Figure 1 illustrates the original traces and the measurement
methods of these PhNE variables.

Other measurements

Intrancular pressure (10F) was measured with an air-poff
tomometer, Canon TX-20 (Canon Medical S)'stcm.&, LSAYIn
cooperative children and with the rebound tonometer icare
PRO (Tcare Finland Oy., Vantaa, Finland) in the other chil
dren, Axial length ( ALp was measured with IOL-master 700
(Carl Zeiss AG, Oberkochen, Germany) before mvdriasis,
with the recording being an average of three relizble read-
ings of good quality.
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Fig.1 The original traces of the healthy contrel eye (A, B and the affected cye 00, D) from iwo participands aged 8 veors old, A, C were evoked
b the ISCEV extended protocol for PRNEL and (B, IV were evoked by the ISCEY standard protocol for LA 3.0 ERG

Eligibility

The eligible criteria and inclusion process of the partucipants
are provided in 8 Fig. 1. We excluded patients who met any
exclusion criteria: the participants who were younger than
3 years or those who had recent cataract removal (within
fi months) to rule oot the effect of the surgery on ERG: the
patients who were diagnosed withfsuspected of glavcoma or
ocular hypertension, or with other disorders as shown in §
Fig. 1; whose parcnts/guardians were unwilling to partici-
pate this study; who resisted taking the ERG test; who took
the ERC test hut didn't cooperate well to finish it or with
low ERG data quality. In the end, we excluded the eyes with
undetermined FPhNR waves in either ERG exam. Finally, a
todal of 172 eyes of 72 patients and 24 healthy children were
enrolled tor analysis.

Statistical analysis

The PhNE response 10 narrowband stimuli based on the
ISCEV extended protocol for PhNR [1] was relerred 1o as
PhiNE ], while the PhNR response evoked by the broadband
stimuli based on the LA 3.0 ERG protocol [11] was referred
to as PhNR2. Ratiol was caleulated as PhNR/b-wave

amplitude based on the ISCEY extended protocol for PRNE
[1], while Ratio2 was calculated as PhMR/h-wave ampli-
tude based on the LA 3.0 ERG protocol [11]. The z-score
was defined as the ohserved value minus the sample mean,
divided by the standard deviation, which was used to calcu-
late the correlation coefficients. The normality of the PhNR
variables was tested with Q-0 plots, The test retest reliabil
ity was assessed by treating measurements from the two eyes
of the same participant as paired test and retest data. The
reliability was evaluated using the Bland Altman method
and Cronbach's alpha coefficient in both healthy controls
and bilaterally alfected patients,

The enrolled eves were analvzed in three groups, 1.
healthy children's eyes as controls; 2. the fellow eyes of
the: unilateral patients; 3. the affected eyes of unillateral and
bilateral patients. Age was calculated in days and analyred
a5 1 continuous variable in years. In the descriptive analy-
ses, given the skewed distributions of Ratiol and Ratio2,
we reported guartiles and used non-parametric tests. The
Kruskal-Wallis test was used to compare the median val-
ues of the ratins across different eye groups. The paired
Mann—Whitney test was used to compare the median values
of Ratinl and Ratin2 within the same individuoals, For other
variahles, means and standard deviations of the continnons
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variables were reported, and the generalized estimating equa
tion {GEE) models were applied to adjust for correlation
between paired eves of the same patient and covariates [ 12].

In the association analyses, the z-score ranslormed
amplitude and peak time were compared between PhNR1
and PhN2, and 4 different correlation coefficients were
calenlated, which included Pearson's correlation coeffi-
cient (PCC), intraclass correlation cocficient (ICC), Lin's
concordance correlation coefficient (CCC) and Kendall's
consistency coefficient (KCC) [13, 14]. The strength of the
correlation coefficient was defined as, > 080 very strong.
(k6= (0.8 strong, (1.4 - (L6 moderate, and < (1.4 weak.

The n:gn:s;inn madel of FANR 1, with PhNR 2 measure-
ment as a predictor, was huilt after adjusting for the cor-
relation hetween paired eves using GEE. Other covariafes,
including age, sex, 1OP and AL, were selected according
tor the Bayesian information criteria (BIC). The regression
madels were then huilt, strafified by eye groups and evalu-
ated with roOE-mean-squane error (RMEE]), mean ahsolute
percentage errar (MAPEL and the ratio of predictions within
a given absolute percentage error {APE]).

The Q- plots were generated using the R 4.3.2 (The
R Foundation) and all other analyses were performed with
STATASSE (StataCorp LLC, College Station, TX). A Bon-
ferromi-corrected significance level was applied for multiple
comparisans, calculated as the significance level (=005}
divided by the times of comparisons,

Table 1 Descriptive analyses of the enrolled participants and eyes

Results

Demographics

As shown in § Fig. 1, a total of 172 eyes from 96 partici-
pants were enrolled for analysis, including 72 postopera
live pediatric cataract patients (41 unilaterally /31 bilater-
ally affected) and 24 healthy children as control. As shown
in Table 1, the mean age ai baseline was 6.6+ 2.2 years
(P =0.040 among the groups), and the proportion of males
wis 47% (P=0.732). The mean age was highest in healthy
controls (7.1 + 1.0 years) and lowest in bilaterally affected
patients (5.8 + 2.3 vears).

Comparisons of the measurements

Of all enrolled eyes. the mean AL was 228 + 1.3 mm and
the mean I0F was 15.3 4+ 3.3 mmHg. After adjusting for
age, sex and correlation between paired eyes with GEE,
AL was significamtly different among the three eye groups
(P =< 0.001), while no significant discrepancy in IOP was
found (P =0.085). Ratio] {median 142, interquartile range
(.96—2.1) was significantly larger than Ratio2 (median (.64,
interquartile range (.45—-1.1; £ <0.001). However, nei-
ther ratio showed significant differences among the three
eye groups (P=0786 and (L111, respectively). For other
PhNR measurements, the (3-() plots indicate no ehvious

Fatient groups Health children Umlateral group
N (), participants .o} a1

Age al exam year) T} .9 {24)

Sex, mak {5 L1 485) 21 (51%)

Eye proups Contred eyes Fellow ey

N (%), eyes 48 35 36
Axinl benpih (mmj 216 (0.4) 2300110

0P {mmHg) 164 (3.6 15.6 (3.5)
PhNR amp, (v 132 14.7) 13,1 (600
PRNRI peak time (ms} 60T (3.6) 6.6 (3.7)
PRMNRZ amip. vy’ LET R 94445
PhNRZ peak time (ms) 755 (3.2) TLE(34)
PhMRb-wave Ratio

Ratiol? FTAF(LI4,2.04) 149 (093, 26)
Ratia2? 063039 08 065 (041, L1

Bilateral growp Tatal Fevalues

k]| EL] -

JE2.3) 6.6 (1.2) RIS

13 (425 45 (47%) 0732 -

Adfected eves (m=89)  Total eyex Povalues” P for trend”

53 172 -

ILTiN4) 22T <001 425

149 (3.1} 1540330 nngs 0027

I8 [5:4) 13.0(5.5) 0,025 0.053

68.7 (4.9) 69,2144 0.036 1.055

W2(52) 9.1 (4.7 0.25% LN

TLH(5.3) TRS (446 0.083 1LH6T
Pevalues'

135 10,95, 204) 142 (0, 2.1 0786 -

Gl (048, |29 (6 (45, 1.1} L0 -

' PhNE1=PhNR responses measured wsing the 1SCEV extended protccol of PRNE, PhNR2=PhNR respomses measured using the 1SCEY

standard protoce] for light-adapted 3.0 BRG

! Ratiol = FhNR amplitude / b-wove amplitode (ISCEV extended protocol of PhINR), Ratio? =PhNE amplitode ¢ b-wave amplitude (ISCEV
standard provoced for light-adapted 3.0 ERG); Ratiol and Ratio2 were repored & medians (imerquanile sanges)

: .-\A,Ijuqirlg For cowrrelation hetweaen puirerJ eves, ape omid sex with ggneruﬁ!{:d cqimming {:qualinn msdeEl; for the PhME varinbles, r'urrhcraﬂjusl-

ing fior axial length and [OF
" P-values based on the Knskal-Wallis test
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skew distribution exists in the PhNR variables (8 Fig. 2.
Aditer further adjusting for AL and I0OP, both the amplitude
(P=0.025) and the peak time (P =0.036) of PhNRI showed
significant dilferences among the three eve groups. From
coentrols, [ellow eves o the allected eyes. the amplitude
decreased and the peak time shortened, with borderline P
for trend (F=0.053 and 0.055, respectively). For PRNRE2,
however, no significant difference in either the amplitude
(#=0.25%) or the peak time (#=0.083) was found among
the three eye groups. As shown in § Fig. 3 and 5 Table 1,
the outcomes of the Bland-Altman analyses demonstrated
gond test—retest consistency hetween the right and left eyes,
with a mean difference of less than 5% of the means. The
Cronbach’s alpha coefficients ranged from 0,76 to 0,81,

Correlation analyses

Figure 2 shows the relationship between PhNR 1 and PFhNR2
measurements, indicating a positive correlation between the
two PhNR responses in both amplitude and peak time. The
oulcomes of the correlation coefficients between PhNR ]
and PhNR2 are shown in Table 2. The lour different cor-
relation coellicients (PCC, ICC, COC and KCC) were all
significamt in the whole sample as well as in each eye group
(P values ranging from < 0,001 w 0.006), with coefficient
values ranging from .33 w (.69, Most of the correlation
cocfficients were within the range of 0.4~ 0.6, indicating
maderate strength of cornelation.

30

Ampdtudn of PRKR (Y]

The regression models

Based on GEE adjusting for correlation between paired
eves, the pn:r]iclirrn models of PANRE 1 with PANE2 as a
predictor were constructed in Table 3, Passible covariates
were selected from age, sex, AL and 10F based on BICs,
As shown in § Table 2, within a GEE framework adjusting
for paired-eve correlation in the whole sample, the model
with the lowest BIC was selecied. Besides measurements of
PhINRI and PhINR2, no additional covariates were included
in the final amplitude model, while age was added 1o the
peak tme maosdel Lo unprove prediclive accuracy.

As shown in Table 3, the amplitude of PhNRI cannot be
sreurately predicted by the amplitude of PRNE2 in any eye
group or the whole sample. The RMSE was 4.72 pV with
a MAPE of 36.7% m all the enrolled eyes. The percent-
age of eyes with an absolute percentage error ( APE) within
25% of the PhNR 1 amplitude was less than half (46.5%).
On the other hand, predictions of the peak time were guite
accurate, with an RMSE of 3.43 ms and MAPE of 3.9% in
the whole sample. Additionally, the percentage of eyes with
APE within 5%, 10% and 25% were 70099, 95995 and 100%
in the mode] that incleded all eyes.

Discussion
As far as we know, this is the first study focusing on the
associalions between two dilferent protocols o obtain
PhNR. providing imporiant information for evaluating
ap-
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Table 2 The correlation analyses between PhNRI and PRNR2."

Eye grougp PO e [alm s K

Coefficient P Coefficient Pvaloe  Coefficient Pvale Coefficient P valae

95% O 1955 CI) {95% CLy 195% CI)
FhE Ampli-  Controls 0.540.25, 0.68) <0.000 043 (004, 065} <0001 043 (022, 063)  =0001 037 (021, 053) <0001
lde, 250008 Fellow eyes 060 (047, 03 <0000 060 (047, 083 <0001 060 (051, 0.86) <0001 057 (042, 0721 <0001
Affected eves 052 (035, 0066) <0001 051 (033, 065) <0001 0500035, 0.65) <0001 033021, 046) <0001
All 052004, 0620 <0000 052 (04, 0062 <0000 052041, 063) <0001 036 (026, 045 <0001
Peak time, Contrils OE2 A1 07T <01 8T (DAL ) <001 057 (039, 000) <0001 (53 (033, 073 <000
T Fellow eyes 046 (14, (LER) 0.006 (42 (0,12, (uea) 0.3 (42 (0,06, (.68} 0002 037 (0.2, 0.54) <0001
Aflected eyes 059 (043, 071 <0000 (U89 (043, 071 <0001 0259 (045, 0.72) <0001 0034 (019, 0u48) < 0
All D57 (046, D66y <0001 057 (046, 6a) <0001 057 (047, 0067 <0001 036 (027, 0d6) < (L

PhMR I =PhNE responses measwred using the ISCEV exiended protocol of PhNKE, PhNEZ=PhNE responses measured using the 1I5CEY stand-

and protocod for light-adapted 3.0 ERG

* BT Pearson's correlation coeficient; MOC Intraclass correlation coefficient; ©CC Lin's concondance correlation coefficient; KCC Kendall's

consistency coefficient

studies of PhNR with different protocols and designing
future studies on PhINR.

PhNR was firsi named by Viswanathan. 5., et al. to indi-
cale the negalive-going response aller the b-wave in LA
ERG [2]. It was [ound e be reduced in macague monkeyvs
with experimental glavcoma [2], and similar indings were
soon confirmed in humans with glavcoma damage [15].

In early studies of PhNR, the evoked conditions were
broadband (white stimulus on white background), and
many werne based on the ISCEV protocol of light-adapted
[“cone-response”) ERG, first released in 1989 [16] and
mast recently updated in 2022 [3]. However, recent sudies
suppaort narrow-hand stimuali as more efficient in evoking a
PhiNR response |4, 5] and more sensitive in clinical dirlg-
nosis [17]. Consequently, ISCEY released the extended
pratocol for PhNR in 20018, characterized by using & nar
rowbhand stimulus (blue background and red light flash)
during the exam [1]. This has led to heterogeneity in the
studies on PhNR with different protocels, Therefore, this
study is crucial for understanding different PhNR stud
ies. Regarding PhINR definitions, previous studies have
emploved various approaches, including trough measure-
ments belore or aler the i-wave [12], and lxed-lime meas-
urerments like t=65 ms [19] or 72 ms [20]. In our study,
we adbered w the example figure in the ISCEV extended
pratocol for PRNE [1], measuring PhNR at the maximum
trough following the initial i-wave. While the protocol per-
mits a flexible time window of 65-75 ms post-flash, [1] we
opted for the trough-based approach, as it is more widely
adopted and less sensitive to timing variations associated
with fixed-time measurements.

Chr study indicates thar analyses with PhNR evoked
by different protocols may lead to different conclusions.
In Tabkle 1, both the amplitude and peak tfime of PhNR]

&) springer

showed significant discrepancies among the three eve
groups, with the P-for-trend at borderline significance
(0,052 and 0.055). Based on PhNRI. both the amplitude
and peak lime presented a decreasing trend [rom con-
trols, o fellow eves and allected eyes, which may indi-
cate the effect of amblyopia in pediatric cataract patients.
In the published literature, we found two similar studies
by Esposito W._ et al.. which reported similar attenuated
amplitude of PhNK in both congenital and developmental
cataract [9, 21], supparting our findings from PhNR1. On
the other hand, hased on PANRE2, no significant differcnces
in meither amplitude or peak time were found among the
three eye groups, While the available evidence, including
rrrcu'inus studies [9, 21], suggests that PhNR 1 may e more
sensitive in detecting differences among eye groups, fur-
ther research is necessary to definitively establish its supe
riority. The significance of the P-values found for PRNR
may bhe due to chance, and the evidence supporting the
constriction of PhINRE. in amblyopia remains limited, The
PhN/b-wave amplitude ratio appears to have a negligible
impact on the inter-group comparisons in this study, as no
significant variations were observed in either Ratiol or
Ratio? across the three eve groups. The signilicantly larger
Ratiol compared 1o RBalio2 aligns with previous research
demonstrating the superior efficacy of nurrowband stimuli
(e.z., blue background and red light flash in the ISCEV
extended PANR protocal) over broadband stimuli in LA
F0ERG [4. 5]. Given similar h-wave amplitudes. the more
than twofald difference in medians (1.42 for PANR1 and
(064 for PANKR2) suggests that PRNE1 may provide a more
efficient neural representation than PRNR 2.

Rath the amplitude and peak time showed a posi-
tive correlation between PhNR1 and PhNRZ (Fig. 2).
Besides Pearson's correlation coefficient (PCC), which is a
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rmramr:tcr—hamd measurement of lingar fitness, three other
eommonly used correlation coefficients were also analyzed:
ICC, COC, and KCC, using the z-score transformed PhVR
measurements, The TCC measures correlation hased on the
analysis of variance and treats the data in groups rather than
matched pairs; the CCC reflects agreement by combining
kath the linear fitness and the deviation of the line from
(x =¥k the KCC, on the ather hand, measures the correlation
using a non-parameter based rank method [13, 14], Differ-
ent correlation coefficients were calculated in this study 1o
enhance the robusiness of the conclusions. Table 2 showed
that the positive correlation is significant in each eve group
as well as the whole sample for all four analyzed correlation
coefficients (P ranges from < 0,001 to 0.006). We ¢an con-
clude that both the amplitude and the peak time measured
by the two protocels were significantly correlated with each
other with very high certainty, On the other hand, in Table 2,
manat of the correlation coefficients were hetween (0.4 and
.6, inu:lic;lring a moderate correlation hetween measure-
ments with the two protocols. This reveals that PRNR2 may
reflect some information ahout PhNE 1, bat is insufficient as
a replacement for the larer,

In Takle 3, we evaluated the degree to which the meas-
urements of PANRE 1 could be linearly predicted by PhNR2,
Since PhNR 1 was more sensitive in diagnosis [9, 21], the
maxdels aimed to explore whether PANRI could be effec-
tively predicted by PRNRZ, which may be applied in studies
with only PhINR2, Besides PANRI and PhINR2 measure-
ments, we applied BIC in selecting the proper covariates
from age. sex, IOP and AL to avoid overfitting and keep the
maodel simple [22]. As shown in S Table 2, from the form
of the model with the lowest BIC, we can see none of the
covariates contributing much infermation in understand
ing the relationship between the amplitude of FhNR] and
PhNR2. For the peak time, on the other hand. the addition
of age to the models improved prediction accuracy with a
low possibility of overfitting. since the BIC decreased after
introducing age in the model.

In Table 3, we can see the amplitude of PhNR] can-
nat be accurately predicted by PhANR2 across all three eye
groups, The MAPE is over one-third in the whole sample
(36.3%), and less than half (46.5%) of the predictions with
an APE =25%. These outcomes indicate the prediction
maxdel of the amplitude is seemingly impractical for use.
The models for the peak time, however, are quite precise,
with a MAPE of 3.9% in the whole sample and small errers
across all eye groups, In the whole sample, over 93% of
predictions have an APE < 10%. Although externzl validity
is not proved, the prediction model of the peak time appears
o be quite efficient and practical. The different performance
in the prediction models may be explained by the following
reasons, Firstly, the variance of PhNR amplitude is much
larger than the peak time in population, which increases the
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difficulty of making accurate prediction. In this study, the
coelficients of variance (CVs) for the amplitude were 0,42
(PhNELY and 0.52 (PhNR2), while the CVs [or the peak lime
were 006 (PANE 1) and 0.06 (PhNR2). The high variame of
the amplitude has been proved by previous publications [23].
Secondly, the signal-to-noise rtio for the skin—electrode in
this study was reported to be lower than the contact lens
clectrode [24], which may introduce measurement errors
that reduce the performance of the models. Many studies
an PhMR have only analyzed the amplitude [4, 25, 26]:
however, if the peak time of PhNR can be associated with
certain diseases or clinical characteristics, then it would be
sufficient to only measure PANR 1 or PANR2, as the other
can be precisely predicted.

Limitations

We should note some limitations of this study in interpreting
the findings, Firsthy, pupil size was not measured, which may
affect the amplinide values, However, the potenrial bias from
small pupils is assumed to be minimal since pupil dilation
was performed in all participants. Secondly, all patients and
controls were recruited from the same hospital, which may
introduce bias, Thirdly, all participants were children, and
the findings may difer in adults, necessitating fuure stud-
ies with other population characteristics, Moreover, we used
skin electrodes in children for comfort and beller coopera-
tion, which may introduce larger measurement errors com-
pared to corneal electrodes [24 ]

Conclusions

The ouicomes may differ with measurements of PhNR1
and PhINRZ. PhINR] appears 1o be a more sensilive meas-
ure than PRNR2 for detecting eve group dilferences. While
significantly correlated. the moderate correlation coeffi-
cient and low prediction precision of amplitude suggest that
PhNE2 may not be a complete substitue for PANRE]L. The
ISCEWV specialized protocol may offer increased sensitivity,
but further research is needed o definitively establish s
superiority.
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