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ABSTRACT
Purpose: To evaluate the agreement between optic nerve head structural parameters obtained using 

swept-source optical coherence tomography and the Laguna ONhE software. Methods: This retrospective 

cross-sectional study included 353 eyes from healthy individuals, glaucoma suspects, ocular hypertensive 

patients, and patients with glaucoma. Optic nerve head parameters—including disc area, vertical and 

area cup-to-disc ratios, and rim volume—were measured using swept-source optical coherence tomo-

graphy and Laguna ONhE. Agreement between methods was assessed using Bland–Altman analysis. A 

regression-based calibration model was developed for disc area measurements. Results: Laguna ONhE 

systematically underestimated disc area (p < 0.001) and cup-to-disc ratios (p<0.001) and overestimated 

rim volume (p=0.0002) compared with swept-source optical coherence tomography. After applying the 

calibration equation for disc area, agreement improved substantially, with no statistically significant bias 

(p=0.3). Conclusion: Laguna ONhE provides structural estimates comparable with those obtained with 

swept-source optical coherence tomography after calibration, suggesting it may serve as a practical and 

cost-effective alternative for glaucoma evaluation.

KEYWORDS: Glaucoma; Optic nerve head; Laguna ONhE; Optical coherence tomography; Agreement

INTRODUCTION

Glaucoma is a progressive optic neuropathy characterized by the loss of the 
ganglion cell layer (GCL), leading to structural alterations of the optic nerve head 
(ONH), thinning of the peripapillary retinal nerve fiber layer (pRNFL), and consequent 
visual impairment(1). As the disease progresses, the neuroretinal rim (NR) becomes 
progressively thinner—particularly in the inferotemporal and superotemporal re
gions—resulting in enlargement of the optic cup and an increased cup-to-disc (C/D) 
ratio(2). Because disc size is positively correlated with both optic cup size and NR area, 
accurate estimation of disc size is essential for glaucoma detection and diagnosis(3).

Eyes with large ONH areas often present proportionally large optic cups, which may 
be misinterpreted as glaucomatous cupping. Using planimetric analysis, Hoffmann et 
al.(4) reported a wide normal range of disc areas (1.70–2.89 mm2) and emphasized that 
large physiological discs frequently exhibit large cups.
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Advances in diagnostic imaging technologies have 
enhanced the precision and objectivity of conventional 
clinical assessments. Prata et al.(5) demonstrated that optical 
coherence tomography (OCT) can help differentiate true 
glaucomatous damage from physiological cupping in eyes 
with large discs, thereby reducing diagnostic errors in 
challenging cases.

Reis et al. further demonstrated that the clinically visible 
optic disc margin does not always correspond to the true 
anatomical boundary of the ONH. Using spectral-domain 
OCT (SD-OCT) in combination with color fundus photography 
(CFP), they showed that the clinical margin typically aligns 
with Bruch’s membrane and Elschnig’s border tissue—
structures that are not consistently visible in CFP. This 
finding represents a significant shift in the understanding of 
ONH anatomy, indicating that conventional photographic 
assessments may inaccurately estimate disc size, cup depth, 
or rim width(6).

Despite its diagnostic advantages, OCT remains limited 
by high cost and reduced portability(7). These limitations 
have driven the search for more accessible and cost-
effective alternatives capable of providing reliable structural 
information about the ONH.

In 2013, Gonzalez de la Rosa et al.(8) developed Laguna 
ONhE, a software tool that estimates hemoglobin levels 
within the ONH using colorimetric analysis of CFP—a 
simple and low-cost approach. Previous studies have 
demonstrated good reproducibility and diagnostic accuracy 
of this system for glaucoma detection(9-13). In addition 
to hemoglobin estimation, Laguna ONhE can derive key 
structural parameters relevant to glaucoma diagnosis, 
including ONH area, C/D ratio, and NR volume, based solely 
on CFP.

Accurate determination of these parameters is essen
tial for distinguishing between physiological and patho
logical cupping. Although OCT provides highly precise mea
surements, its cost and limited accessibility remain important 
barriers. Therefore, evaluating whether Laguna ONhE can 
provide comparable measurements using CFP is clinically 
relevant(9-13). Accordingly, this study aimed to assess the 
agreement between structural parameters obtained using 
swept-source OCT (SS-OCT) and Laguna ONhE in healthy 
individuals, glaucoma suspects, and patients with glaucoma.

METHODS

This retrospective cross-sectional clinical study included 
data collected between 2017 and 2025 at Clínica Forno e 
Paranhos (São Paulo, Brazil) and Hospital de Olhos Previsão 

(Teresina, Brazil). The study protocol was approved by the 
Research Ethics Committee of the Universidade Federal 
de São Paulo (Approval No. 52700221.9.0000.5505). The 
requirement for informed consent was waived owing to the 
retrospective nature of the study.

Glaucoma was defined as optic neuropathy characterized 
by typical structural abnormalities of the ONH, accompanied 
by corresponding thinning of the peripapillary retinal 
nerve fiber layer (pRNFL) and GCL on OCT, with or without 
associated visual field (VF) defects.

Glaucoma suspects were defined as eyes presenting 
either a vertical cup-to-disc (C/D) ratio ≥0.6 suggestive of 
ONH damage or intraocular pressure (IOP) >21 mmHg (ocular 
hypertension), in the absence of definitive glaucomatous 
optic neuropathy.

Healthy subjects were required to have IOP <21mmHg, 
a normal ONH appearance on fundoscopy, and normal OCT 
and VF findings.

Inclusion criteria were as follows: best-corrected visual 
acuity (VA) ≥0.1 (decimal scale), absence of ocular or 
systemic conditions that could affect VF results, no ocular 
disease other than glaucoma, no history of ocular surgery 
except uncomplicated cataract or antiglaucoma procedures, 
spherical refractive error between −10 diopters (D) and +6 D, 
and astigmatism ≤2 D.

Exclusion criteria included reduced VA, retinal or neuro
logical disorders, unreliable VF examinations, low-quality 
OCT scans, and CFP unsuitable for analysis using Laguna 
ONhE.

All participants underwent a comprehensive ophthal
mologic evaluation, including medical history, VA assessment, 
slit-lamp biomicroscopy, IOP measurement, and fundoscopy.

VF and OCT assessment

VF testing was performed using the Octopus 900 
perimeter (Haag-Streit AG, Koeniz-Berne, Switzerland) with 
Goldmann size III stimuli, the Tendency-Oriented Perimetry 
strategy, and the G program (a physiological grid of 59 test 
locations within the central 30°). At least two reliable VF  
tests were required, defined as false-positive and false-
negative rates <15% and absence of artifacts. Glaucomatous 
VF defects were defined as reproducible abnormalities  
not attributable to other causes.

Structural evaluation was conducted using swept-source 
DRI OCT (Triton, Topcon, Japan), with ONH parameters 
obtained using the 3D Wide 12 × 9 mm scanning protocol. 
In this system, ONH measurements are referenced to the ter
mination of the retinal pigment epithelium (RPE), which 
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serves as the baseline for all calculations and is displayed as 
a green line in OCT reports. The projection of this reference 
line onto the retinal surface defines the disc margin (light 
blue line).

The cup margin (pink line) is defined at a plane located 
120 µm above the RPE reference, enabling calculation of 
topographic parameters, including rim area, disc area, C/D 
ratio, and cup volume (Figure 1). Only scans with signal 
strength >40 were included.

Laguna ONhE assessment

CFP were acquired using the DRI OCT device and analyzed 
with Laguna ONhE software (version 8.0; http://test.laguna.
insoft.es/). The software uses the MATLAB image processing 
toolbox (The MathWorks, Inc., Natick, Massachusetts) to 
analyze the red, green, and blue spectral components of 
ONH images and estimate hemoglobin (Hb) concentration, 
using large retinal vessels as the 100% Hb reference(8).

Figure 1. Laguna ONhE and OCT assessment. Example of Laguna ONhE and OCT analysis: Original eye fundus image 
(A). Automatic segmentation of the optic disc and cup boundaries by Laguna (B). Sectoral areas are expressed as a 
percentage of the optic disc area and compared with values from the normative reference population by Laguna (C). 
Segmentation of reference vessels and pseudocolor mapping of hemoglobin distribution using Laguna (D). Optic nerve 
head assessment in swept-source DRI OCT (Triton, Topcon, Japan) (E).

A

C

E

B

D

http://test.laguna.insoft.es/
http://test.laguna.insoft.es/
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The software automatically segments disc and cup 
boundaries (Figure 1) and calculates ONH area, vertical C/D 
ratio, C/D area ratio, and NR volume. This segmentation is 
performed using a deep learning–based neural network 
trained on approximately 40,000 fundus images, including 
those from the RIM-ONE database. A U-Net semantic 
segmentation architecture was implemented. Additionally, 
manual delineation of 2,000 ONH images was performed by 
Gonzalez de la Rosa to refine the detection of the inner edge 
of Elschnig’s scleral ring(14,15).

The neural network identifies optic disc and cup boun
daries by detecting the inner border of Elschnig’s tissue 
through pixel-level analysis. It also evaluates hemoglobin 
distribution within the ONH using color information from the 
red, green, and blue channels (Figure 1). Using these data, 
the software automatically computes vertical and area C/D 
ratios(9,16). Images of insufficient quality or with incomplete 
ONH visualization were excluded.

Statistical analysis

Continuous variables are presented as mean, standard 
deviation (SD), median, and range, while categorical variables 
are expressed as absolute frequencies and percentages.

Agreement between Laguna ONhE and OCT measurements 
was evaluated using Bland–Altman analysis, with differences 
defined as OCT minus Laguna values. Bias and 95% limits of 
agreement (LoA) were calculated. A paired t-test was used to 
assess whether the mean bias differed significantly from zero.

To evaluate the influence of ONH size on measurement 
agreement, the sample was stratified based on OCT-derived 
disc area using a cutoff of 2.5 mm2, consistent with reported 
normal ranges (2.1–2.5 mm2)(17,18).

A calibration model for disc area was developed using 
multiple linear regression, with OCT measurements as 
the dependent variable and Laguna values as the primary 
independent variable(19,20). Additional covariates included disc 
area, age, and mean deviation (MD). Although the inclusion 
of age and MD yielded slight statistical improvements, these 
were not clinically meaningful. Therefore, for practical 
applicability, only the disc area was retained as a covariate 
in the final model.

The dataset was randomly divided into a calibration 
set (70%; 245 eyes) and a validation set (30%; 105 eyes). 
Separate stratification of eyes with disc area >2.5 mm2 was 
not performed in the validation phase due to the limited 
sample size in this subgroup, which could reduce statistical 
precision and artificially widen the LoA. Because disc area 
was incorporated into the calibration model, its effect on 
large discs was inherently accounted for, obviating the need 
for further subgroup analysis.

To assess clinical equivalence between OCT and Laguna 
measurements of disc area, the Two One-Sided Tests (TOST) 
procedure was applied. Equivalence margins of ±0.20 
and ±0.10 mm2 were predefined as clinically acceptable 
differences. Both paired t tests and TOST analyses were 
performed on uncalibrated and calibrated datasets.

All statistical analyses were conducted using IBM SPSS 
Statistics (IBM Corp., Armonk, New York). A p-value < 0.05 
was considered statistically significant.

RESULTS

A total of 629 eyes from 442 patients were initially 
evaluated. One eye per subject was randomly selected to 
avoid inter-eye correlation, resulting in a final sample of 353 
eyes. Eighty-six eyes were excluded due to the inability of 
the Laguna ONhE software to analyze the images, and 13 
eyes were excluded due to low OCT signal strength (signal 
strength <40). The final cohort included 165 glaucomatous 
eyes (46.8%), 110 glaucoma suspect eyes based on ONH 
findings (31%), 15 ocular hypertensive eyes (4.2%), and 63 
healthy eyes (18%). Baseline characteristics are shown in 
table 1.

The results demonstrated a consistent pattern of agreement 
with systematic bias across all variables, indicating that 
Laguna ONhE tends to underestimate disc area and C/D ra
tios and overestimate rim volume when compared to OCT  
(Table 2 and Figure 2).

In the subgroup of 60 eyes with large disc area (>2.5 mm2), 
the pattern of agreement was similar to that of the overall 
sample, but the magnitude of bias was more pronounced 
(Table 3 and Figure 3). These findings suggest that Laguna 
ONhE tends to underestimate morphometric parameters 
more strongly in larger optic discs.

Table 1. Clinical and demographic characteristics of the participants

Characteristics Mean Median SD Min Max

Age (years) 64.2 65.0 14.3 11 102

MD (dB) 3.97 1.78 5.80 −2.49 26.1

pRNFL 87.8 92.2 22.0 28.7 132

OCT disc area (mm2) 2.08 2.04 0.487 0.870 4.23

OCT rim volume (mm³) 0.110 0.090 0.104 0.00 0.640

OCT C/D area ratio 0.557 0.560 0.242 0.00 0.990

OCT vertical C/D ratio 0.731 0.750 0.202 0.00 1.02

Laguna disc area (mm2) 2.02 1.98 0.460 1.14 3.86

Laguna vertical C/D ratio 0.640 0.649 0.127 0.233 0.978

Laguna C/D area ratio 0.471 0.466 0.149 0.129 0.852

Laguna rim volume (mm³) 0.130 0.0689 0.126 0.0192 0.533
SD= standard deviation; Min= minimum; Max= maximum; MD= mean defect; pRNFL= peripapillary 
retina nerve fiber layer; OCT= optical coherence tomography; C/D= cup-to-disc.
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Table 2. Bland–Altman analysis comparing OCT and Laguna ONhE measurements 
for ONH parameters

Parameter
Mean bias  

(OCT − Laguna)
95% CI 

(Lower–Upper limits)
p-value

Disc area (mm2) 0.065 0.037 – 0.093 <0.001

C/D area ratio 0.087 0.070 – 0.104 <0.001

Vertical C/D ratio 0.092 0.077 – 0.106 <0.001

Rim volume (mm³) -0.021 -0.033 – -0.010 0.0002
Positive mean bias values indicate that OCT yielded higher measurements than Laguna ONhE. 
Statistical test: Bland–Altman method using OCT - Laguna as the reference difference. 
ONH= optic nerve head; CI= confidence interval; C/D= cup-to-disc.

No statistically significant differences were observed in 

ONH parameters between the calibration and test groups 

(Table 4). The calibration equation for disc area was as 

follows: OCT disc area=0.33 + 0.81 × Laguna disc area.

After calibration, there was a marked improvement in 

agreement between Laguna ONhE and OCT for disc area 

(Figure 2B), with the mean bias reduced to 0.025 (95% 

CI=−0.023 to 0.074), and no statistically significant difference 

Figure 2. Bland–Altman plots of the ONH parameters. Disc area before calibration (A) and after calibration (B); cup-to-disc area ratio (C); vertical cup-to-
-disc ratio (D); and rim volume (E). Statistical test: Bland–Altman method using OCT - Laguna as the reference difference.

A B

DC

E
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Table 3. Bland–Altman analysis comparing Laguna ONhE and OCT measurements for 
ONH parameters in patients with large disc area (>2.5mm2)

Parameter Mean bias 95% CI (lower–upper limits) p-value

Disc area (mm2) 0.187 0.110 – 0.263 <0.001

C/D area ratio 0.120 0.082 – 0.158 <0.001

Vertical C/D ratio 0.101 0.073 – 0.128 <0.001

Rim volume (mm3) 0.005 -0.021 – 0.031 0.70
Positive mean bias values indicate that OCT yielded higher measurements than Laguna ONhE. 
Statistical test: Bland–Altman method using OCT - Laguna as the reference difference. 
ONH= optic nerve head; CI= confidence interval; C/D= cup-to-disc.

observed (p=0.3), indicating correction of systematic 
measurement error.

The TOST analysis showed that the difference between 
Laguna and OCT optic disc area measurements was clinically 
equivalent within the predefined ±0.20 mm2 and ±0.10 mm2 
margins. In the uncalibrated dataset, the mean difference 
was statistically significant (p<0.001), but still within both 

equivalence margins (Table 5). After calibration, the mean 
difference was no longer statistically significant (p=0.307) 
and remained clinically equivalent within both margins 
(Table 5).

DISCUSSION

Our study demonstrated good agreement between 
Laguna ONhE and OCT measurements of ONH parameters 
and showed that a calibration model significantly improved 
concordance, particularly for disc area. Even before 
calibration, the mean differences between methods were 
not clinically relevant, although a consistent systematic 
bias was observed. After correction for disc-size–related 
bias, agreement improved further, and Laguna ONhE 
measurements of disc area became statistically and 
clinically comparable to OCT. These findings are clinically 
important because accurate ONH assessment is essential for 

Figure 3. Bland–Altman plots of ONH parameters in patients with a large disc area (>2.5mm2). Disc area (A); cup-to-disc area ratio (B); vertical cup-to-disc ratio (C); rim volume 
(D). Statistical test: Bland–Altman method using OCT - Laguna as the reference difference.

A B

DC
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Table 4. Calibration and test group samples t-test for ONH parameters

Parameter Mean difference Standard error p-value

Disc area −0.025 0.057 0.654

Rim volume 0.007 0.012 0.540

C/D area ratio −0.032 0.028 0.258

Vertical C/D ratio −0.009 0.024 0.687
C/D= cup-to-disc.

Table 5. Clinical equivalence analysis between Laguna ONhE and OCT for ONH disc 
area measurements with ±0.1mm2 and ±0.2mm2 margins

Sample
Mean difference 

OCT - Laguna 
(mm2)

Paired t-test 
(p-value)

Clinical 
equivalence 

±0.10mm2

Clinical 
equivalence 
±0.20mm2

Uncalibrated −0.065 <0.001 Equivalent Equivalent

Calibrated −0.025 0.307 Equivalent Equivalent
Statistical test: Two One-Sided Tests using OCT – Laguna as the reference difference. 
ONH= optic nerve head; TOST= two-one-sided test.

distinguishing true glaucomatous damage from physiological 
large optic cups. In this context, calibrated Laguna ONhE 
may represent a practical, low-cost alternative for structural 
evaluation and glaucoma screening, especially where OCT is 
not available.

The evaluation of the ONH appearance remains funda
mental for both the diagnosis and monitoring of glaucoma(21). 
Accurate identification of the ONH margin is crucial because 
it directly affects estimates of ONH area, C/D ratio, and NR 
metrics(21). However, defining the clinically visible ONH margin 
has long been controversial, as the anatomical structures 
that represent the true ONH boundary are not consistently 
visualized using conventional examination techniques(6). 
Thus, estimates of disc size and related parameters can vary 
considerably depending on the assessment method used(22).

Reis et al. demonstrated that the clinically visible disc 
margin does not consistently correspond to the true 
anatomical boundary of the ONH. Using spectral-domain OCT 
(SD-OCT), they showed that the apparent margin is generally 
defined by Bruch’s membrane and Elschnig’s border tissue—
structures that are not reliably visible on CFP. This finding 
indicates that traditional photographic assessment may lead 
to errors in estimating disc size, cup depth, and rim width, 
potentially resulting in misclassification of physiologically 
large discs as glaucomatous(6). In this context, our findings 
support the potential role of software-based approaches 
such as Laguna ONhE in reducing these limitations by 
providing a more standardized and accessible method for 
ONH evaluation.

OCT plays a key role in the assessment of eyes with large 
optic discs, as it allows detection of true glaucomatous 
damage even in the presence of physiological cupping(5). 
Although OCT is currently considered a reference standard 
for quantitative ONH analysis, its high cost and limited 
availability restrict its widespread use. In this scenario, 
Laguna ONhE represents a promising alternative. In our 
study, it showed good agreement with OCT for disc area 
after calibration (p=0.3), despite a mild tendency toward 
underestimation.

This underestimation is likely related to the methodo
logical principles of the software. Laguna ONhE uses a deep 
learning–based U-Net architecture to identify the inner edge 
of Elschnig’s tissue(14). This model was trained using images 
in which optic disc margins were manually delineated by 
an expert (Gonzalez de la Rosa)(15). As previously reported 
by Reis et al.(6), OCT-based methods tend to overestimate 
disc area compared with manual delineation approaches, 
which may explain part of the discrepancy observed in 
our results. Overall, despite this systematic bias, Laguna  
ONhE demonstrated consistent concordance with OCT 
and may provide reliable disc size estimates for clinical and 
screening purposes.

Glaucoma progression is characterized by progressive loss 
of the NR, particularly in the inferior and superior temporal 
regions(2,23), leading to an increase in the vertical C/D ratio. 
In our study, Laguna ONhE tended to underestimate both 
vertical and area C/D ratios compared with OCT, consistent 
with previous findings by Rodríguez Uña et al.(24), who also 
reported greater discrepancies in more advanced glaucoma 
cases. This difference may be explained by the fundamentally 
different analytical approach used by Laguna ONhE. Unlike 
OCT, which relies on structural boundaries, Laguna estimates 
the vertical C/D ratio based on hemoglobin concentration 
distribution within the optic nerve head(24), which may reduce 
agreement for morphometric parameters.

Supporting this interpretation, previous studies have 
shown that hemoglobin concentration within the remaining 
NR is often reduced below normal thresholds, suggesting 
that neurodegenerative changes may persist even when 
structural parameters appear relatively stable(25). However, 
it remains unclear whether reduced perfusion contributes to 
axonal loss, results from it, or occurs in parallel. In addition, 
OCT-derived morphometric parameters may be affected by a 
floor effect due to residual nonfunctional tissue in advanced 
glaucoma. In contrast, the hemoglobin-based approach of 
Laguna ONhE may exhibit a different behavior in advanced 
disease. Since our sample included a considerable proportion 
of advanced glaucoma cases, this may partly explain the 
underestimation of the vertical C/D ratio compared with OCT.
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In a case–control study, González-Hernández reported 
moderate agreement between Laguna ONhE and Cirrus 
OCT (Zeiss) for vertical C/D ratio (κ≈0.7) and slightly higher 
concordance between Laguna global damage factor and 
Spectralis OCT (Heidelberg) Bruch’s membrane opening–
minimum rim width (BMO-MRW) (κ≈0.8)(15). Similarly, 
Salazar-Quiñones reported significant correlations between 
BMO-MRW and Laguna-derived vertical C/D ratio in both 
glaucomatous eyes (r=0.271 to −0.654, p < 0.05) and healthy 
controls (r=0.306 to −0.658, p<0.05)(26). Unlike these 
studies, our analysis used Bland–Altman methodology, 
which assesses agreement and systematic bias rather than 
correlation. Our results demonstrated statistically significant 
bias, indicating that Laguna ONhE tends to underestimate 
vertical and area C/D ratios and overestimate rim volume 
compared with OCT.

This study has several limitations. First, we did not 
include planimetric analysis as a reference standard for 
ONH evaluation. Although previous studies, including 
Jonas and the Blue Mountains Eye Study, have reported 
high reproducibility for planimetry (ICC=0.91 for disc area)
(27), this method is time-consuming and highly dependent 
on subjective delineation of disc margins, which may not 
correspond to true anatomical boundaries, as previously 
demonstrated by Reis et al.(6).

Second, the OCT device used in this study (Triton SS-OCT) 
does not define ONH boundaries based on Bruch’s membrane 
opening (BMO), unlike other systems such as Spectralis OCT. 
Instead, it uses RPE termination as a reference for ONH 
measurements, which may introduce systematic differences 
when comparing results across devices(28).

Another limitation is that 86 eyes were excluded because 
Laguna ONhE could not perform automated analysis due 
to poor image quality or atypical optic disc anatomy. This 
reflects an inherent limitation of the software and highlights 
the continued need for complementary diagnostic tools in 
such cases.

Despite these limitations, this is, to our knowledge, the 
first study to evaluate agreement between Laguna ONhE and 
OCT for disc area, C/D area ratio, and NR volume. Among these 
parameters, only disc area achieved acceptable agreement 
after calibration, suggesting that it may be reliably estimated 
at a group level, although individual variability remains 
considerable. In contrast, C/D ratios and rim volume showed 
persistent bias, indicating that these parameters are not fully 
interchangeable between the two methods. These findings 
should be considered when interpreting clinical data and 
suggest that selected ONH parameters may be reasonably 
estimated without OCT.

Finally, our findings have practical clinical implications. 
Large optic discs often present with proportionally large 
physiological cups, which may be misinterpreted as 
glaucomatous damage, particularly by less experienced 
clinicians. By including a wide range of disc sizes, our study 
demonstrated that Laguna ONhE maintains acceptable 
agreement with OCT, especially after calibration. Given its 
low-cost and wide accessibility, Laguna ONhE may serve as 
a useful adjunct or alternative to OCT, improving access to 
ONH evaluation in routine clinical practice and screening 
settings.
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