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Introduction: Glaucoma is a leading cause of blindness, often progressing 
asymptomatically until significant vision loss occurs. Early detection is crucial 
for preventing irreversible damage. The pupillary light reflex (PLR) has proven 
useful in glaucoma diagnosis, and mobile technologies like the AI-based 
smartphone pupillometer (AI Pupillometer) offer a promising solution for 
accessible screening. This study assesses the reliability of the AI Pupillometer in 
detecting glaucoma.

Methods: In Experiment 1, 20 healthy participants were assessed using both the 
AI Pupillometer and the NPi-200 device to evaluate equivalence in measuring 
PLR. Each eye underwent three trials. Experiment 2 included 46 participants, 
24 with primary open-angle glaucoma (POAG) and 22 healthy controls. PLR 
measurements from the AI Pupillometer were correlated with structural and 
functional ocular parameters. An additional study expanded the sample to 387 
participants (103 glaucoma patients, 284 controls), focusing on differential 
pupillometry parameters to minimize ambient light interference.

Results: In Experiment 1, the AI Pupillometer demonstrated strong correlations 
with the NPi-200 in key parameters like initial pupil size (r = 0.700), constricted 
pupil size (r = 0.755), and constriction velocity (r = 0.541), confirming its 
reliability. In Experiment 2, although no statistically significant differences in light-
corrected PLR parameters were found between groups, glaucoma patients had 
a marginally higher constricted pupil size (p = 0.1632). Significant correlations 
were observed between pupillometry and advanced ocular imaging results, 
notably between constriction amplitude and visual field loss. The additional 
study revealed significant differences in constriction amplitude (p = 0.014) and 
relative pupil size change (p = 0.0072) between glaucoma patients and controls, 
reinforcing the AI Pupillometer’s diagnostic potential.

Conclusion: This study confirms the AI Pupillometer as a reliable, accessible 
tool for glaucoma screening. Mobile diagnostics could enhance early detection, 
improving outcomes for glaucoma patients.
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Introduction

Glaucoma stands as the primary cause of irreversible blindness 
globally, primarily due to the degeneration of the optic nerve. As of 
2020, it is estimated that about 76 million suffered from glaucoma, and 
this figure is expected to continue rising in the years ahead (1). While 
glaucoma can sometimes manifest with eye pain, in the most cases it 
presents as a painless condition, characterized by a gradual 
degeneration of the optic nerve. Regular screening with eye exams is 
essential for early detection of glaucoma, particularly in its 
presymptomatic stages. These screenings typically include a standard 
ophthalmic exam consisting of a fundus examination, measurement 
of intraocular pressure (IOP), standard automated perimetry (SAT), 
and more detailed assessments such as optical coherence tomography 
(OCT) used to evaluate the Retinal Nerve Fiber Layer (RNFL) and the 
Ganglion Cell Complex (GCC), along with OCT angiography (OCTA) 
and microperimetry. All these tests have been validated to correlate 
with the progression of glaucoma, and are helpful in diagnosis, 
prognosis, and treatment monitoring (2, 3).

Another diagnostic tool, the pupillary light reflex (PLR), measures 
the diameter of the pupil and its responsiveness to light exposure. This 
reflex is triggered by retinal ganglion cells, which receive input from 
photoreceptors via bipolar and amacrine cells (4). Studies to date 
suggest that the pupillary response is altered in glaucomatous eyes, 
showing a correlation with RNFL and retinal ganglion cell loss, as well 
as changes in the visual field (4–8).

The rapid advancement of technology, including artificial 
intelligence (AI), has significantly influenced medical diagnostics. 
Mobile PLR has the potential to broaden the availability of glaucoma 
screening tools, especially for individuals without easy access to an 
ophthalmologist (9). Such an approach could be essential in facilitating 
early diagnosis and preventing blindness related to glaucoma.

Given the growing interest in mobile PLR technologies, our study 
aims to determine whether a conventional infra-red pupillometer 
(NPi-200, NeurOptics, Inc.) and a smartphone-based pupillometer 
(AI-based mobile pupillometry system for pupillary light reflex, 
Solvemed Inc.) (9) produce comparable results (2). Additionally, 
we  evaluated the diagnostic potential of the AI Pupillometer in 
glaucoma and correlated the pupillometry results obtained with AI 
Pupillometer with various retinal structural imaging techniques, 
including OCT and OCTA, and functional test – microperimetry.

Materials and methods

The study was conducted after obtaining the approval of the 
Bioethical Committee at the Collegium Medicum in Bydgoszcz, 
Nicolaus Copernicus University in Torun (approval number KB 
427/2021). All conducted procedures in research involving human 
subjects adhered to the ethical norms of the institutional and/or 
national research committee, in line with the 1964 Helsinki 
Declaration and its subsequent modifications or equivalent 
ethical guidelines.

Each subject received an in-depth eye health evaluation, which 
included tests for refractive errors (Topcon KR-890, Tokyo, Japan), 
best-corrected visual acuity (BCVA), slit-lamp biomicroscopy 
evaluations, and intraocular pressure checks (IOP; Icare TAO1 i, 
Finland Oy, Vantaa, Finland). Additionally, diagnostic imaging was 

conducted with Optical Coherence Tomography (OCT) – Spectralis 
(Heidelberg Engineering, Heidelberg, Germany) and OCT 
Angiography (OCTA) – Avanti RTVue XR (Optovue, Inc., Fremont, 
CA, United States) along with macular function testing through the 
macular analyzer integrity assessment (MAIA) microperimetry (MP) 
(Centervue, Padova, Italy). All diagnostic procedures were carried out 
on the same day.

Comparative study of pupillometry 
devices: NPi-200 (NeurOptics) and AI 
Pupillometer (Solvemed)

To evaluate the equivalence of the AI-based mobile pupillometry 
system for pupillary light reflex (PLR) from Solvemed Inc. 
(United States), hereafter referred to as the ‘AI Pupillometer,’ and the 
NeurOptics NPi-200 (NeurOptics, Inc., United States) in a cohort of 
ophthalmological patients. The study included 20 healthy subjects 
from Oftalmika Eye Hospital, with assessments conducted 
sequentially on both the right and left eyes. During the 
measurements, subjects were instructed to gaze at a distant dark wall. 
The evaluation commenced with the measurement of the PLR in the 
right eye using the AI Pupillometer app, while the contralateral eye 
remained open and uncovered. Following a 20-s interval, the PLR 
was then measured in the same eye utilizing the NPi-200 
pupillometer, with the contralateral eye again kept open and 
uncovered. This procedure was replicated thrice for each eye 
under examination.

Investigation of pupillary light reflex using 
the smartphone-based AI Pupillometer in 
glaucoma patients and a control cohort

Experiment 2: the study involved 46 participants, including 24 
individuals from the glaucoma group. The inclusion criteria for our 
study targeted individuals undergoing glaucoma treatment for a 
period no less than 6  months. To qualify, participants needed a 
confirmed diagnosis of primary open-angle glaucoma (POAG), 
characterized by specific conditions: evidence of glaucomatous 
damage to the optic nerve, a decline in peripapillary Retinal Nerve 
Fiber Layer (pRNFL) thickness, and/or visual field (VF) deterioration, 
as identified through Standard Automated Perimetry (SAP). 
Additionally, all subjects were required to exhibit a normal anterior 
chamber and open angle, as confirmed by slit-lamp biomicroscopy 
and gonioscopy, respectively. In glaucoma group, mean Visual Field 
Index (VFI) was 88.07% with standard deviation 18.12.

As control group, 22 age-matched subjects without any ocular or 
neurological conditions were selected.

All glaucoma patients were undergoing optimal treatment for 
glaucoma at the time of the study, ensuring that the disease was 
managed according to current medical standards. Furthermore, 
participants had clear optical media, eliminating potential 
confounders related to ocular transparency. It was also ensured that 
the patients did not have significant retinal or optic disk changes other 
than glaucomatous, which could influence the outcome of the study. 
High-quality imaging studies were utilized for analysis, ensuring that 
the data collected was of the utmost reliability.
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Demographic characteristics are presented of control and 
glaucoma patient groups are presented in Table 1.

Additional study

In this expanded study, we evaluated a larger cohort to further 
assess the diagnostic utility of the AI Pupillometer in glaucoma. A 
total of 387 participants were included: 103 patients in the glaucoma 
group (GG) and 284 in the control group (HC). The study focused on 
individuals aged 60 years or older, and the groups were age-matched 
using the Mann–Whitney U test (p = 0.054). Pupillometry parameters, 
including Maximally Constricted Pupil Size, Initial Pupil Size, and 
Maximum Constriction Velocity, were measured and compared 
between the groups. To account for potential confounding effects of 
ambient light variation, we also calculated differential parameters, 
including Constriction Amplitude and Relative Change in Pupil Size. 
Statistical significance was assessed using the Mann–Whitney U test.

Optical coherence tomography

In our study, patients were subjected to OCT imaging to assess the 
thickness of pRNFL and GCC. Using a Spectralis, we measured the 
pRNFL thickness globally with each circular scan aligned with the 
Optic Nerve Head (ONH). Additionally, the GCC’s thickness was 
gauged using an Avanti RTVue XR’s glaucoma module, focusing on a 
macular area 6 mm in diameter. All OCT scans met the OSCAR-IB 
quality criteria, ensuring consistent and high-quality imaging data for 
analysis (10).

Optical coherence tomography 
angiography

Our study utilized OCTA imaging with an AngioVue Avanti 
RTVue XR employing the split-spectrum amplitude-decorrelation 
angiography the split-spectrum amplitude-decorrelation angiography 
algorithm for detailed retinal vascular visualization. We analyzed the 
OCTA images as a structural marker, focusing on the microvessel 
network density through segmentation, not blood flow. The device’s 
high scan speed and resolution, coupled with DualTrac Motion 
Correction and 3D PAR in the AngioVue software, ensured artifact-
free images. Vessel density was quantitatively assessed from grayscale 

to binary images, considering both the superficial (SVRP) and deep 
(DVRP) vascular plexuses, as well as the peripapillary radial 
peripapillary capillary layer. Only high-quality images, free from 
motion artifacts were included for analysis.

Microperimetry

Our research incorporated MAIA MP system, an advanced 
integration of Scanning Laser Ophthalmoscopy (SLO), static 
perimetry, and fundus imaging, for comprehensive microperimetry 
assessments. This system relies on an infrared superluminescent 
diode, allowing for the capture of high-resolution images across a 
spectrum of light attenuation, enhancing the clarity of retinal 
examinations. With its ability to adjust light intensity in precise 
increments, the MAIA MP measures retinal threshold sensitivity and 
examines the stability of fixation. During testing, subjects’ responses 
to Goldmann-type stimuli are recorded, with an eye-tracker 
monitoring their gaze in real time to ensure accurate fixation and 
alignment. The system evaluates fixation stability using two 
quantitative approaches: calculating the percentage of fixation points 
within concentric circles of specified radii (notably P1 as 1° and P2 as 
2°), and by delineating the bivariate contour ellipse area (BCEA), 
including 95 and 63% of fixation points (BCEA95 and BCEA63), 
which reflects the spatial distribution of eye fixation. The clinical 
interpretation of these findings is facilitated by the MAIA’s analytical 
printout, as showcased in Figure  1. This report details pointwise 
retinal sensitivity and the average sensitivity across all test loci, color-
coded to signify normal, suspect, or abnormal levels. Additionally, the 
system provides a histogram of threshold frequencies, allowing for 
statistical comparison to normative data, along with a fixation plot 
that visually and numerically represents fixation stability based on 
BCEA and P1, P2 metrics. This comprehensive dataset is essential for 
evaluating the integrity of macular function.

Analysis and statistics

We conducted various statistical analyses using Python 3.11, 
utilizing the SciPy library for hypothesis testing—including 
independent t-tests to assess differences in demographics and clinical 
characteristics between the glaucoma and control groups, Pearson 
correlations, and Mann–Whitney U tests—and NumPy for array 
manipulation and mathematical operations. For linear regression 
analyses and to calculate regression coefficients, we employed the 
statsmodels library, which provided comprehensive methods to model 
and analyze the relationship between variables. To ensure our data met 
the assumptions necessary for the validity of our statistical tests, 
we assessed the normality using the Kolmogorov–Smirnov test within 
the SciPy library. A p-value of less than 0.05 was considered 
statistically significant.

Pupillometry

The Solvemed AI Pupillometer is a smartphone-based software as 
medical device (SaMD), capable of measuring and tracking pupil size 
and reactivity without the need for any additional hardware. The 

TABLE 1 Demographic data and clinical characteristics of control and 
glaucoma patient groups.

Characteristic Control 
group

Glaucoma 
group

P-value

Age (years) 65.32 ± 4.94 SD 70 ± 6.78 SD 0.0101

Gender Male: 15 

(68.18%)

Male: 12 (50%) 0.3414

Female: 7 

(31.82%)

Female: 12 (50%)

Intraocular pressure 18.45 ± 2.59SD 16.75 ± 4.75 SD 0.03645

BCVA, EDTRS letters 81.05 ± 6.37 SD 81.75 ± 6.23 SD 0.5963
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FIGURE 1

Microperimetry assessment r. The clinical interpretation of MAIA outcomes relies on the manufacturer’s printout, detailing pointwise and average 
retinal sensitivity across test locations. Sensitivity indices AT and Macular Integrity are depicted in a color chart (green, yellow, red for normal, suspect, 
abnormal sensitivity, respectively). The printout includes a histogram comparing retinal sensitivity to a normative Gaussian distribution for ages 20–80. 
It also displays a fixation plot with values for BCEA63 and BCEA95, a fixation stability scale (green, yellow, and red), and a test duration graph.
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device uses smartphone camera and deep learning to produce 
pupillometric parameters describing the pupil light reflex. Notably, the 
device captures the level of ambient light during measurements and 
corrects for any excessive or deficient lighting level to produce 
clinically meaningful results (9, 11). The NeurOptics NPi-200 
pupillometer stands as a specialized instrument to measure the 
PLR. This device employs an infrared camera system capable of 
capturing images of the pupil under various lighting conditions, 
thereby ensuring consistent measurement accuracy. Unlike 
conventional methods that may be influenced by ambient light, the 
NPi-200’s technology allows for undisturbed observation of the pupil’s 
response to light stimulation. The device’s operation does not require 
dimming of lights or specific environmental adjustments. 
Furthermore, the NPi-200 generates comprehensive reports that detail 
the dynamics of the pupillary response. Recent advances in 
smartphone-based pupillometry have enabled applications in 
challenging settings, where the AI Pupillometer’s software effectively 
stabilizes measurements in dynamic environments, reducing motion 
artifacts and enhancing sensitivity to pupil dynamics.

Results

Comparative analysis of retinal parameters 
in control and glaucoma groups

The statistical analysis revealed a significant differences between 
the control group and the glaucoma group for the following 
parameters: pRNFL thickness (p < 0.0001), whole image SRVD 
(p = 0.0082), perifoveal SRVD (p = 0.004), average GCC (p = 0.0002), 
and average threshold (AT) in MP (p = 0.0093).

Detailed data are presented in Table 2.

Correlation analysis between Solvemed AI 
Pupillometer parameters and advanced 
ocular imaging techniques

The comparative analysis of the results from the AI 
Pupillometer pupillary test, both for light-corrected and 
uncorrected parameters, did not demonstrate statistically 
significant differences between the glaucoma and control groups. 
Nevertheless, the value of the ‘Constricted Pupil Size’ light 
corrected parameter was notably higher in the glaucoma group 
compared to the control group, with a p-value of 0.1632. Detailed 
data are presented in Tables 3, 4.

Furthermore, we performed an analysis to explore the correlations 
between parameters measured by the Solvemed AI Pupillometer and 
the average pRNFL and GCC, both separately for glaucoma and 
control groups and combined for all participants. Table 5 presents the 
correlations for light-corrected parameters, while Table 6 covers the 
uncorrected parameters, with each employing Spearman correlation 
and providing p-values in parentheses. This comprehensive analysis 
found no statistically significant differences or strong correlations 
within or across the groups.

The data analysis combining Solvemed AI Pupillometer light-
corrected parameters with microperimetry, OCT, and OCTA results, 
across both study groups, revealed significant correlations with a 
p-value below 0.01, between the following parameters: initial pupil 
size and fix losses; constricted pupil size and IOP, Area63, Area95, P1, 
P2; constriction amplitude  – light corrected and FAZ, PERIM, 
superficial fovea, deep fovea, Area63, Area95, P1, P2; constriction 
velocity – light corrected and Area63, Area95, P1, P2.

When comparing the PLR parameters from the Solvemed AI 
Pupillometer with parameters from OCT and microperimetry, only 
correlations with an absolute value of 0.25 and a p-value below 0.01 were 
included to ensure that only statistically significant and moderately 
strong relationships were considered. Given that 40 correlations were 
evaluated, the threshold for significance was set at 0.0013 using the 
Bonferroni correction. This correction adjusts the p-value threshold to 
control for the increased risk of false positives that occurs when multiple 
comparisons are made. After applying the Bonferroni correction, the 
significant correlations identified were between constriction amplitude 
and Area 96, Area 65, and P2. These results suggest specific relationships 
that are statistically robust even after adjusting for multiple tests. 
Detailed data are presented in Table 7.

Reliability and correlation analysis of 
pupillometry parameters: Solvemed AI 
Pupillometer vs. NeurOptics NPi-200

In the comparative analysis of results obtained from the 
Solvemed AI Pupillometer and the NeurOptics NPi-200, 
we  conducted a correlation analysis between the parameters 
reported by both devices. For initial pupil size, constricted pupil size, 
and constriction velocity, Pearson’s correlation coefficients were 
estimated to be  0.700, 0.755, and 0.541, respectively, all with a 
p-value of <0.0001. Detailed data are presented in Table  8 and 
Figure 2. Further analysis revealed a high reliability for the Solvemed 
AI Pupillometer in comparison to the NeurOptics NPi-200. This 
reliability was assessed by calculating the differences between the 

TABLE 2 Statistics for significantly different OCT and OCTA parameters for glaucoma and control group.

Glaucoma Control

Parameter name Mean Std Mean Std P-value

Superficial vascular plexus whole image (%) 44.550 4.464 48.029 3.267 0.0082

Superficial vascular plexus perifovea (%) 44.650 4.815 48.829 3.650 0.0040

GCC average (μm) 84.087 12.339 99.476 11.512 0.0002

Average pRNFL (μm) 73.81 15.81 99.37 12.09 <0.0001

Average sensitivity threshold (dB) 19.000 8.153 24.544 1.962 0.0093
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first and second, and second and third measurements. Linear 
regression was applied, and the resulting coefficients were reported. 
For the parameters of initial pupil size, constricted pupil size, and 
constriction velocity, the R-values were 0.903, 0.893, and 0.717, 
respectively, for the Solvemed AI Pupillometer, compared to 0.869, 
0.773, and 0.680 for the NPi-200. All these values yielded a p-value 
of <0.0001. Detailed data are presented in Tables 9, 10. The 
scatterplot graphs illustrating correlations of constricted pupil size, 
constriction velocity, and initial pupil size are collectively presented 
in Figures 3A–C, respectively.

Additional study on the application of the 
AI Pupillometer in glaucoma diagnostics

In an expanded examination of the utility of the AI Pupillometer 
in glaucoma diagnostics, we  conducted a supplementary study 

encompassing a broader cohort of patients. This investigation aimed 
to further validate the efficacy of the AI Pupillometer by including a 
larger sample size, specifically targeting individuals aged 60 years or 
older. The study comprised 103 patients in the glaucoma group (GG) 
and 284 individuals in the control group (HC), with age matching 
performed to ensure comparability between the groups (Mann–
Whitney U test, p = 0.054; GG: 73.18 ± 0.75 years, HC: 
71.28 ± 0.39 years, mean ± s.e.m). We evaluated the same pupillometry 
parameters for both groups, employing the Mann–Whitney U Test to 
determine statistical significance (Table 11). Three previously reported 
parameters—Maximally Constricted Pupil Size (GG: 3.00 mm ± 0.06, 
HC: 2.95 mm ± 0.04; p = 0.59, mean ± s.e.m), Initial Pupil Size (GG: 
3.88 mm ± 0.07, HC: 3.95 mm ± 0.05; p = 0.38, mean ± s.e.m), and 
Maximum Constriction Velocity (GG: 3.49 mm/s ± 0.20, HC: 
3.43 mm/s ± 0.12; p = 0.89, mean ± s.e.m)—did not significantly differ 
between the groups.

Given the suspicion that ambient light variation may confound 
these measurements, we calculated differential parameters utilizing 
the larger dataset. We determined the Constriction Amplitude as the 
difference between the initial and maximally constricted pupil sizes 
(GG: 0.87 mm ± 0.04, HC: 0.99 mm ± 0.03; p = 0.014, mean ± s.e.m), 
and the Relative Change as the difference between the initial and 
maximally constricted pupil size divided by the initial size (GG: 
22.03% ± 0.91, HC: 24.45% ± 0.52; p = 0.0072, mean ± s.e.m). This 
approach revealed significant differences between groups in the 
Constriction Amplitude and the Relative Change in Pupil Size, 
suggesting that differential parameters might help reduce the impact 
of confounding factors, thereby highlighting the distinct characteristics 
between the groups.

Discussion

Evaluating PLR has been a recognized method for assessing the 
integrity of afferent visual pathways, along with the sympathetic and 
parasympathetic nervous systems. Yet, as noted in a comprehensive 
study by Hennessy et al. (12), factors like test duration, dependency 
on the operator, and variability in pupillary reactions to ambient light 
variations have constrained the use of PLR in glaucoma diagnosis. In 
another research, Kalaboukhova et  al. (13) utilized a specialized, 
non-commercial pupillometer to measure pupillary area ratio (PAR), 
contraction velocity ratio, and dilation velocity ratio (PDVR). Their 
findings indicated notable disparities in PAR and PDVR between 
patients with glaucoma and those in the control group.

TABLE 5 Correlation between Solvemed AI Pupillometer light uncorrected parameters and average pRNFL and GCC calculated with Spearman 
correlation.

Solvemed AI 
Pupillometer 
parameter

Glaucoma Control All

G RNFL GCC average G RNFL GCC average G RNFL GCC average

Initial pupil size (mm) 0.0428 (0.881) 0.0149 (0.620) 0.168 (0.607) 0.0466 (0.863) 0.0161 (0.744) 0.0308 (0.628)

Constricted pupil size (mm) −0.00235 (0.551) 0.132 (0.580) 0.222 (0.479) 0.000505 (0.873) 0.0489 (0.522) 0.0927 (0.297)

Constriction amplitude (mm) −0.000564 (0.298) −0.00219 (0.801) −0.0526 (0.701) −0.0160 (0.512) −0.0831 (0.979) −0.0546 (0.731)

Constriction velocity (mm/s) −0.00958 (0.107) −0.0760 (0.679) 0.0520 (0.951) 0.0715 (0.871) 0.00644 (0.236) −0.0302 (0.336)

p-values given in the brackets.

TABLE 3 Statistical differences for Solvemed AI Pupillometer light un-
corrected parameters for glaucoma vs. control.

Glaucoma Control

Parameter name Mean Std Mean Std P-
value

Initial pupil size (mm) 3.205 0.483 3.096 0.379 0.2696

Constricted pupil size (mm) 2.696 0.515 2.588 0.279 0.2535

Constriction amplitude (mm) 0.509 0.197 0.508 0.249 0.9790

Constriction velocity (mm/s) 1.207 0.542 1.277 0.653 0.6093

TABLE 4 Statistical differences for Solvemed AI Pupillometer light 
corrected parameters for glaucoma vs. control with parameters as 
absolute values.

Glaucoma Control

Parameter name Mean Std Mean Std P-
value

Constricted pupil size 

(mm)

3.970 0.257 3.861 0.411 0.1632

Constriction amplitude 

(mm)

0.139 0.306 0.138 0.308 0.9847

Constriction Velocity 

(mm/s)

1.614 1.017 1.684 1.166 0.7792
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At the moment, two techniques are used to evaluate the PLR: 
digital infrared pupillometry and a more traditional visual 
inspection of pupils, for example with a penlight, which is 
commonly used in clinical practice. However, reliance on 
subjective assessment leads to notable imprecision, with an 
average error margin of approximately 0.5 mm, significantly 
higher than that of its digital counterpart (14–17). In comparison, 
digital technologies have demonstrated superior accuracy, 
reducing the median error to around 0.36 mm (18).

Typically, pupillary reactivity is described as ‘normal,’ ‘sluggish,’ or 
‘fixed,’ which are often inconsistent across different examiners, what 
was shown in the study where they compared assessments between 
examiners and revealed only moderate agreement in evaluations of 
pupil size and reactivity (κ values of 0.54 and 0.40, respectively). 
Notably, a considerable discrepancy was observed in the identification 
of non-reactive pupils, a critical indicator in severe traumatic brain 
injuries, with only a third of cases identified manually aligning with 
digital assessments (19). A separate study highlighted an 18% 
discordance in PLR assessments between healthcare professionals and 
digital pupillometry, showing the limitations of subjective 
evaluation (19).

On the other hand, digital infrared pupillometry, now 
considered the clinical gold standard, employs a device equipped 
with an LED light and an infrared camera. This device utilizes 
infrared technology to delineate the pupil’s boundary and then 
applies an LED flash to prompt and monitor pupillary constriction, 
enabling the calculation of a Neurological Pupil Index score. This 
method has a relatively lower median error rate of approximately 
0.23 mm (15). For context, the average resting pupil diameter in 
a healthy individual is roughly 3.4 mm, which narrows by about 
0.88 mm following light exposure of 180–200 cd/m (15). While 
digital pupillometry demonstrates high reliability in standard 
clinical usage, its broader implementation is hindered by several 
drawbacks, particularly in high costs and requires single-use 
components per patient.

In our study, we first aimed to compare the results of pupillary light 
reflex measurements obtained using two different devices: a standard 
medical device, NeurOptics NPi-200, and another device based on an 
iOS mobile application – the Solvemed AI Pupillometer. We assessed 
the reliability by comparing the repeatability of measurements between 
the first and second, and second and third measurements. Furthermore, 
to evaluate the new device’s utility in glaucoma diagnostics, 
we compared the pupillary light reflex (PLR) between a control group 
and patients with glaucoma. In Experiment 1, which focused on 
comparing the AI Pupillometer with the NPi-200 device, the use of a 

mobile application-based device that provides light-corrected pupil 
reaction measurements emerged as a promising direction due to its 
portability and accessibility through mobile phone app installation. Our 
findings, validated through Pearson correlation, revealed a strong 
correlation between measurements taken by both devices for initial 
pupil size (0.700), constricted pupil size (0.755), and a moderate 

TABLE 6 Correlation between Solvemed AI Pupillometer light corrected parameters and average pRNFL and GCC calculated with Spearman 
correlation.

Solvemed AI 
Pupillometer 
parameter

Glaucoma Control All

G RNFL GCC average G RNFL GCC average G RNFL GCC average

Constricted pupil size (mm) 0.0435 (0.890) 0.0237 (0.652) 0.323 (0.154) 0.186 (0.411) 0.0162 (0.563) 0.0393 (0.472)

Constriction amplitude (mm) −0.0500 (0.245) −0.0947 (0.934) 0.0889 (0.586) 0.169 (0.419) −0.0989 (0.786) −0.086 (0.751)

Constriction velocity (mm/s) −0.157 (0.456) −0.0952 (0.553) 0.105 (0.573) 0.193 (0.195) −0.00231 (0.999) 0.0292 (0.851)

P-values given in the brackets.

TABLE 7 Correlations between Solvemed AI Pupillometer light corrected 
parameters and OCT and microperimetry parameters, calculated with 
Spearman correlation test with p-values.

Solvemed AI 
Pupillometer

OCT and 
microperimetry

Correlation 
value

Initial pupil size Fix losses 0.203 (0.0229)

Initial pupil size IOP −0.253 (0.0099)

Constricted pupil size Area63 0.366 (0.0047)

Constricted pupil size Area95 0.368 (0.0040)

Constricted pupil size P1 −0.354 (0.0060)

Constricted pupil size P2 −0.348 (0.0146)

Constriction amplitude corrected FAZ 0.315 (0.0087)

Constriction amplitude corrected PERIM 0.321 (0.0067)

Constriction amplitude corrected Superficial Fovea −0.280 (0.019)

Constriction amplitude corrected Deep fovea −0.347 (0.0048)

Constriction amplitude corrected Area63 −0.417 (0.0004)

Constriction amplitude corrected Area95 −0.414 (0.0003)

Constriction amplitude corrected P1 0.398 (0.0014)

Constriction amplitude corrected P2 0.386 (0.0009)

Constriction velocity corrected Area63 −0.246 (0.0153)

Constriction velocity corrected Area95 −0.253 (0.0136)

Constriction velocity corrected P1 0.284 (0.0062)

Constriction velocity corrected P2 0.230 (0.0293)

TABLE 8 Correlation between the parameters reported by Solvemed AI 
Pupillometer and NeurOptics NPi-200.

Parameter name Pearson’s 
correlation 
coefficient

Correlation 
P-value

Initial pupil size (mm) 0.700 <0.0001

Constricted pupil size (mm) 0.755 <0.0001

Constriction velocity (mm/s) 0.541 <0.0001
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correlation for constriction velocity (0.541). Additionally, the analysis 
demonstrated high reliability for both devices across all three PLR 
parameters, with the R value being higher using the Solvemed app for 
all aforementioned parameters.

Previous research on pupillography has validated its utility in 
preoperative pupil assessments for refractive procedures such as laser 
vision correction or intraocular lens implantation. Additionally, it 
facilitates an objective evaluation of the visual pathway function, 
including the retina, in conditions like retinal vein occlusion and 
glaucoma (7, 20). Changes in the pupillary light reflex have also been 
studied in neurological diseases such as epilepsy, Alzheimer’s disease, 
Parkinson’s disease, as well as in acute brain injuries and concussions 
(21–25).

Recent research on the application of pupillometry has shown a 
growing interest in the use of mobile devices like smartphones. This 
type of pupillometry has been studied for various applications, 
including in traumatic brain injury, for the detection of acute large 

vessel occlusion, and for At-Home Pupillometry using Smartphone 
Facial Identification Cameras (26–28).

The results of our study confirms findings from other research on 
the differences in the SVRP, GCC, and retinal sensitivity assessed 
through microperimetry between patients with glaucoma and healthy 
individuals (2, 3). Comparative analysis of PLR parameters with 
imaging and functional test results for the same patient group revealed 
a correlation of several parameters from the conducted studies with 
selected PLR metrics. There was no statistically significant correlation 
between PLR parameters and glaucomatous damage markers, such as 
GCC, SRVP, and AT.

In Experiment 2, which assessed the AI Pupillometer in both 
glaucoma patients and controls, certain PLR parameters showed 
correlations with glaucoma-related structural and functional 
markers. Similar correlations have been identified in previous 
studies. For example, a 2022 study by Zabel et al. (2) demonstrated 
correlations between parameters such as SRVP, P1, P2, BCEA65, 
and BCEA95 with typical glaucoma markers like GCC, RNFL, 
and glaucoma progression, while no significant correlation was 
found for DRVP. Other studies have shown correlations between 
FAZ, PERIM, and DRVP, with the occurrence of glaucoma 
(29–31).

There are no significant correlations between the studied 
parameters and PLR for both the glaucoma and control groups, 
analyzed separately, which can be explained by the relatively high 
VFI index in the glaucoma group, indicating that a large part of the 
patients with glaucoma have preperimetric glaucoma and small 
study group in primary study. We can hypothesize that the lack of 
sensitivity changes in the central part of the visual field at the 
initial stages of glaucoma development may not cause disturbances 
in PLR parameters. In published studies on glaucoma, in many 
cases, glaucoma groups are differentiated into subgroups with 
preperimetric and perimetric glaucoma, with the aim of obtaining 
more accurate results (32, 33). However, in the additional study 
conducted on a broader cohort of patients with glaucoma, 
compared with healthy subjects, statistically significant differences 
were found in PLR parameters such as constriction amplitude and 

TABLE 9 Reliability of Solvemed AI Pupillometer vs. NeurOptics NPi-200.

Solvemed AI Pupillometer NeurOptics NPi-200

Parameter Pearson’s 
correlation 
coefficient

Linear 
regression 
coefficient

P-value Pearson’s 
correlation 
coefficient

Linear 
regression 
coefficient

P-value

Initial pupil size (mm) 0.903 0.926 <0.0001 0.869 0.911 <0.0001

Constricted pupil size (mm) 0.893 0.937 <0.0001 0.773 0.792 <0.0001

Constriction velocity (mm/s) 0.717 0.709 <0.0001 0.680 0.723 <0.0001

Calculated as a difference between the parameters of first vs. second and second vs. third measurement.

TABLE 10 Mean and median differences with standard deviation for paired measurements.

Solvemed AI Pupillometer NeurOptics NPi-200

Parameter Mean difference Median 
difference

Std Mean difference Median 
difference

Std

Initial pupil size (mm) 0.287 0.230 0.219 0.329 0.260 0.339

Constricted pupil size (mm) 0.125 0.101 0.097 0.282 0.280 0.277

Constriction velocity (mm/s) 0.660 0.496 0.621 0.305 0.210 0.271

FIGURE 2

Correlation between the parameters reported by Solvemed AI 
Pupillometer and NeurOptics NPi-200.
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relative change in pupil size. These differences might be explained 
by the broader cohort.

Our study had several limitations. Firstly, the small patient cohort 
in primary study and in the additional study, the structural and 
functional parameters of the retina and optic nerve of the subjects 
were not included. Secondly, the absence of patient selection based on 
the use of anti-glaucoma and systemic medications, which could affect 
the pupillary light reflex. Thirdly, the lack of patient selection based 
on their cataract surgery status, whether postoperative or preoperative. 
Another limitation of this study was that the order of testing was not 
fixed, with the App always being tested first. While we cannot rule out 
order effects, previous data suggest that the PLR adaptation is a small 
effect and are therefore unlikely to affect the results (33). Moreover, 
our analyses involve correlation, which means any consistent 
adaptation or bias should not alter the result.

The findings from Experiment 1, comparing the AI Pupillometer 
with traditional pupillometry devices, and Experiment 2, 
investigating its use in glaucoma and control groups, align with 
previous research and offer promising prospects for future studies 
on mobile PLR technology in glaucoma assessment. Additionally, 
our study highlights a previously underexplored relationship 
between PLR and parameters such as retinal vessel density and gaze 
fixation stability. The comparative study of the mobile device  –
AI-Pupillometer, against the gold standard pupillometer – NPi-200 
confirms its non-inferiority, and even slightly better performance. 
The correlation with structural and functional test parameters 

suggests the potential applicability of PLR in examining patients 
with glaucoma. Our findings align with previous research 
demonstrating the diagnostic value of the PLR in glaucoma 
detection. To further support this, Suo et al. (34) conducted a meta-
analysis that evaluated the sensitivity and specificity of 
computerized pupillary assessments for glaucoma detection. Their 
results showed that PLR is both a sensitive and specific method for 
detecting glaucomatous damage, providing strong validation for its 
use in clinical practice. Nonetheless, further research on a larger 
patient cohort is necessary to confirm these findings.
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FIGURE 3

The correlation between parameters reported by the Solvemed AI Pupillometer and the NeurOptics NPi-200 is depicted in graphs (A–C), representing 
the first and second measurements with both devices for constricted pupil size, constriction velocity, and initial pupil size, respectively.

TABLE 11 Statistical differences between pupillometry parameters in the expanded study on glaucoma and healthy cohorts.

Parameter Mean 
(glaucoma 

group)

Standard error of 
the mean 

(glaucoma group)

Mean 
(control 
group)

Standard error of 
the mean (control 

group)

p-value

Age (years) 73.18 0.75 71.28 0.39 0.054

Initial pupil size (mm) 3.88 0.07 3.95 0.05 0.38

Maximally constricted pupil size (mm) 3.00 0.06 2.95 0.04 0.59

Maximum constriction velocity (mm/s) 3.49 0.20 3.43 0.12 0.89

Constriction amplitude (mm) 0.87 0.04 0.99 0.03 0.014

Relative change in pupil size (%) 22.03 0.91 24.45 0.52 0.0072
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