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[Abstract] Objective To compare the agreement in scotopic pupil diameter measurements among the Colvard,
OPD-Scan Il and a binocular dynamic pupilometer, and to evaluate the repeatability of the binocular dynamic
pupilometer for pupil diameter measurements under different illumination intensities. ~ Methods A cross-sectional
study was conducted, enrolling 134 patients (134 right eyes) scheduled for refractive surgery at the Refractive Surgery
Center of Tianjin Eye Hospital from October to November 2024. The same physician measured the pupil diameters of
both eyes in the fixed order of Colvard, OPD-Scan Ill, and the binocular dynamic pupillometer, and only the right

eye data were included for analysis. Measurements with the Colvard and OPD-Scan Il were performed under an
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ambient illumination of 0. 15-0. 20 Ix, while the binocular dynamic pupillometer was used under dark (0.04 Ix),
dusk (4 Ix), and bright (40 Ix) conditions. Differences in scotopic pupil diameter measurements among the three
devices were compared; the correlations of the measurements were analyzed; the Bland-Altman method was used to
assess the inter-device agreement; and the repeatability of the binocular dynamic pupillometer for pupil diameter
measurement under different illumination intensities was evaluated. This study adhered to the Declaration of Helsinki
and was approved by the Medical Ethics Committee of Tianjin Eye Hospital (KY-2025050). Informed consent was
obtained from all participants. Results The scotopic pupil diameters measured by the Colvard, OPD-Scan Ill, and
binocular dynamic pupillometer were (6.97+0.68), (6.69+0.75), and (7.13+0.65)mm, respectively, with a
statistically significant overall difference (F =111.46, P<0.001). The scotopic pupil diameters measured by the
binocular dynamic pupillometer were higher than those by Colvard and OPD-Scan Ill, and the scotopic pupil
diameters measured by Colvard were higher than those by OPD-Scan Ill, slowing statistically significant differences
(all P<0.001). Significant positive correlations were observed in the scotopic pupil diameters measured between the
Colvard and OPD-Scan I, Colvard and the binocular dynamic pupillometer, and the binocular dynamic pupillometer
and OPD-Scan Il (r=0.880, 0.910, 0.855; all P<0.001). Bland-Altman analysis demonstrated wide 95% limits
of agreement (LoA) for scotopic pupil diameter measurements between the Colvard and OPD-Scan Ill, the binocular
dynamic pupillometer and Colvard, and the binocular dynamic pupillometer and OPD-Scan Ill, which were —0. 42 to
0.97 mm, -0.39 to 0.72 mm, and —-0.32 to 1.20 mm, respectively. For the binocular dynamic pupillometer, the
within-subject standard deviations at 0. 04, 4, and 40 Ix were 0. 11, 0.17, and 0. 16 mm, with the corresponding
intraclass correlation coefficients of 0.97, 0. 89, and 0. 89, respectively. Conclusions While the Colvard, OPD-
Scan I, and the binocular dynamic pupillometer show high correlation in measuring scotopic pupil diameter, their
agreement is suboptimal. The 95% LoA for all device comparisons exceeded the clinically acceptable margin
of £0.5 mm, indicating that their measurements are not clinically interchangeable. The binocular dynamic
pupillometer demonstrated high intra-device repeatability.
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Table 1 Comparison of pupil diameter by three different

instruments (mm)
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Table 2 Consistency of three instruments in measuring scotopic pupil diameter (n=134)
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Table 3 Repeatability of pupil diameter by the binocular
dynamic pupillometer

JERRR B (1x) Sw(mm) TRT CoV(%) ICC(95%CI)

0. 04 0.11 0.31 1.57 0.97(0.96-0. 98)
4 0.17 0. 47 4. 60 0.89(0.85-0.91)
40 0.16 0.45 5.34 0.89(0.85-0.91)
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Note: Sw: within-subject standard deviation; TRT: test-retest reliability;
CoV: coefficient of variation; ICC: intra-class correlation coefficient; CI:
confidence interval
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Figure 3 Agreement plot of binocular dynamic pupillometer under different light intensities
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AMD ; 4F 5 AH S M 1 BE AR M (age-related macular degeneration )

ANOVA . J7 2243 #T (analysis of variance)

BUT ; JH I 24 05[] ( breakup time of tear film)

DR . 15 JRIp5 490 P 5555 2% ( diabetic retinopathy )

EAU; 52861 A By G MR 255K (experimental autoimmune uveitis )

EGF; & B A= K A F (epidermal growth factor)

ELISA ; B G 2 W JH 2 ( enzyme-linked immunosorbent assay)

ERG : 1 X B He, 1] ( electroretinogram )

FFA ;. R IR 1145 1 52 (fundus fluorescein angiography )

FGF . 4T 4k 2 e A= K K - (fibroblast growth factor )

GFP . 54098 Y63 [ (green fluorescent protein)

IFN-v:y T4t % (interferon-y)

IL: 40 i/ & (interleukin)

10L; A T @A (intraocular lens )

IRBP ;18] SZ AR A 85 2 ) i 45 & 25 1 (interphotoreceptor retinoid
binding protein)

LASIK : 53 T30 f PR R A7 = 48R (laser in situ keratomileusis )

ICGA ; M| W& £ 1ML 45 1 5% ( indocyanine green angiography)

LECs : iR L J2 41 (lens epithelial cells)

miRNA ; 7/ RNA ( microRNA)

MMP . 3 i 4 J& 25 H fif§ ( matrix metalloproteinase )

mTOR: M 7. 3 ) 2% 75 1 %5 % K 0 ( mammalian target of

rapamycin )

MTT . DY B A S0 £ ( methyl thiazolyl tetrazolium )
NF : #% %% 5% [ F (nuclear factor)
OCT ;Y2440 Wr 2 F13# (optical coherence tomography )
OR A # It (odds ratio)
PACG ;. J5URPE A1 /1 B JGHR ( primary angle-closure glaucoma)
PCR : 3B & il 5% 22/ ( polymerase chain reaction )
RGCs ; #HLI E 15 4l Y (retinal ganglion cells)
POAG . Ji & 1 T £ 7 35 S5 R ( primary open angle glaucoma)
RB ; 8 9 JIE-B: 0 0 57 ( retinoblastoma )
RPE . ¥ i 2,25 I 7 (retinal pigment epithelium )
RNV . # M #7241l 4 ( retinal neovascularization )
RP ; P ) Ji5€11 22 A5 P4 ( retinitis pigmentosa)
S 1 t: FERRTH W 531015 ( Schirmer [ test)
shRNA ;% % 32 RNA (short hairpin RNA)
siRNA : /N3 RNA (small interfering RNA)
a-SMA : a3 UILEN 2 1 ( a-smooth muscle actin)
TAO ; FUIR B AHSEHR 5 ( thyroid-associated ophthalmopathy )
TGF : ¥ At 4 A F (transforming growth factor)
TNF ; R PR AE K1 (tumor necrosis factor)
UBM ; #8745 A= ) & #3485 (ultrasound biomicroscope )
VEGF : [fil % N Jiz A2 £ K F (vascular endothelial growth factor)
VEP . #5835 & HL AV (visual evoked potential )
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