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Purpose: The aim of this study is to compare the diagnostic performance in differentiating patients with glaucoma from those with
presumed large physiological optic disc cupping (LPC), using optic nerve head hemoglobin levels (ONH Hb), as a screening method,
versus the evaluation of general ophthalmologists.

Patients and Methods: Twenty general ophthalmologists evaluated PowerPoint images of 40 patients with glaucoma and 40
presenting LPC. Presentation of patient’s exams were distributed as follows: Group 1 (GI): color retinography (CR), Group 2 (GII):
CR + visual field (VF), Group 3 (GIII): CR + optical coherence tomography (OCT), Group 4 (GIV): CR + VF + OCT. The Laguna
ONhE software was used to estimate ONH Hb based on CR. Main outcomes were the comparison of sensitivity and accuracy between
general ophthalmologists’ evaluation and the glaucoma discriminant function (GDF) index from Laguna ONhE and also the agreement
between examiners (Kappa statistics).

Results: Laguna ONhE GDF index demonstrated higher sensitivity values (GI- 90%; GII-90%; GIII-100%; GIV-100%) comparing to
all groups (GI-59%; GII-86.5%; GIII-86.5%; GIV-68.5%). In GI, in which it was observed the worst accuracy result (64.8%), we
found 75% for GDF. In GII, the accuracy was 81.3% and we found 55% for GDF. The highest agreement was in GII (Kappa=0.63;
95% CI=0.53-0.72), and the lowest in GI (Kappa=0.30; 95% CI=0.20-0.39).

Conclusion: Laguna ONhE software, a low-cost and non-invasive method, showed good sensitivity and great utility as a screening
method in differentiating patients with glaucoma from those with LPC, compared with evaluation of general ophthalmologists.
Keywords: glaucoma, diagnosis, retinography, colorimetric analysis

Introduction

Glaucoma is a neuropathy characterized by damage to the optic nerve and retinal nerve fiber layer (RNFL) associated
with changes in the visual field (VF)." Its early diagnosis, adequate treatment and monitoring of progression are
essential to avoid blindness.”> ® Many patients are evaluated by general ophthalmologists being the access to glaucoma

specialists limited, which can make the diagnosis difficult, especially in optic discs with challenging appearances.””
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In order to improve diagnostic performance, objective imaging modalities have been incorporated, such as optical
coherence tomography (OCT)."*3 The use of these instruments, as well as the combination of different tests, can
improve the diagnostic ability of non-specialists.” However, their high cost may limit their use on a large scale.'*

More recently, based on the vascular dysfunction theory, studies have demonstrated low levels of estimated optic
nerve head hemoglobin levels (ONH Hb) in patients with glaucoma.'>?' This measurement is performed using
a software (Laguna ONhE) accessing color retinography (CR), by colorimetric analysis, in a fast, non-invasive and low-
cost method. Medina-Mesa et al showed that the amount of hemoglobin was significantly lower in 121 glaucomatous
eyes comparing with 100 healthy patients.** Our group demonstrated significant associations between ONH Hb values
and both structural and functional damage in glaucoma.”®

As aforementioned, early diagnosis of glaucoma can be clinically challenging for non-specialists and expensive
imaging modalities are not easily available. In this context, a low-cost tool that could alert the clinician about which eyes
are possibly present with glaucoma, would be clinically useful. Therefore, we aimed to compare the diagnostic ability of
automated ONH Hb measurements, through the Laguna ONhE software, as a screening method, versus the performance
of non-glaucoma specialists, in differentiating patients with glaucoma from those with presumed large physiological
optic disc cupping (LPC).

Materials and Methods

The study protocol was approved by the institutional review board/ethics committee of the Federal University of Goias
(number: 1.779.270), adhering to the tenets of the Declaration of Helsinki. Written informed consent was obtained from
all participants.

Participants
A cross-sectional study was carried-out in which glaucomatous patients and participants with presumed LPC were
consecutively enrolled. Patients were included in the glaucoma group if they presented sign of glaucomatous optic
neuropathy (GON) and characteristic VF defects. GON was defined as increased vertical cup/disc ratio (VCDR) >0.6
and/or VCDR asymmetry greater than 0.2 between eyes, both associated with neuroretinal rim notching or localized
RNFL defects (with no evidence of any other disease that could justify these findings).?* Characteristic VF defects were:
glaucoma hemifield test values outside the normal limits, a probability of less than 5% demonstrated by the pattern
standard deviation (PSD) index or three or more points in clusters, on the PSD plot, with a probability of less than 5%.%

Participants considered with LPC were included if they had increased VCDR (>0.6), intraocular pressure (IOP) < 21
mmHg, absence of signs in the optic nerve head (ONH) or RNFL suggestive of glaucoma (neuroretinal rim notching,
localized RNFL defects and disc hemorrhage) and normal VF test.”*?” All LPC participants had to have no evidence of
functional nor structural changes during a minimum follow-up of 24 months.

In addition to the specific inclusion criteria for each group mentioned above, all participants were also required to: the
best corrected visual acuity > 20/30 and ability to perform VF test. The last reliable VF test was selected.

Exclusion criteria for both groups consisted of age under 18 years, intraocular surgery performed in less than 6
months (except cataract surgery) and any ocular changes that could interfere with VF, CR and/or OCT results.

Two glaucoma specialists (C.G.; L.M.), with access to all clinical data and exams, classified each participant as
glaucoma or LPC. In cases of disagreement, a third investigator was used for adjudication.

Exams and Data Collection

All patients underwent the following tests: CR (Visucam Lite, Carl Zeiss Meditec, Jena, Germany), VF test-SITA
standard 24-2 (Humphrey Systems, Dublin, CA) and RTVue OCT (Optovue Inc., Fremont, CA). All tests were
performed by an experienced technician, during an interval of less than 7 days. Whenever both eyes were available,
the right eye was arbitrarily chosen. Reliability criteria for VF test were: false positives and negatives < 33% and fixation
loss < 20%.%® All patients had previous experience with the VF test (> 3 previous exams). Only OCT exams with signal
strength greater than 30 and with adequate centering and segmentation images were considered. The protocols used in the
images of OCT were evaluations of the optic nerve head and ganglion cell complex.

2074 "o Clinical Ophthalmology 2024:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Rocha et al

Patients were randomized into 4 groups, containing an equal number of participants with glaucoma and LPC. The
images were prepared using a PowerPoint presentation. Group 1 (GI) only CR images, Group 2 (GII) CR + VF, Group 3
(GIII) CR + OCT and finally Group 4 (GIV) CR + VF + OCT (Figure 1). A single PowerPoint file was sent by e-mail
(Microsoft Office Professional) to 20 non-glaucoma specialists. Internet-based randomization (www.randomization.com)

was used to distribute the patients along the different groups and to generate the order of the images. Adequate time was
guaranteed for the examiners to analyze the slides and all of them signed a consent form. An excel table was sent,
containing only the patient numbers and the ophthalmologists were instructed to answer whether or not the patients had
glaucoma. They were aware that in each group half of the patients (10) had glaucoma and the other half had LPC (10).

The levels of ONH Hb were measured by the Laguna ONhE software based on CR. The methodology, characteristics,
as well as the reproducibility of the software were previously described in detail.'”** In summary, it consists of
estimating ONH Hb through a colorimetric analysis, in which areas with low levels of hemoglobin reflect better green
and blue lights, while regions with high levels reflect red components.'”** The highest concentration of hemoglobin is
considered in the central vessels of the retina, which are used as a reference. From this, the software provides a color
scale, demonstrating that areas with warm colors represent places with a higher estimated value of OHN Hb and areas
with cold colors represent places with lower values, which occur in regions of lower perfusion.'”?° The software
determines a glaucoma discriminant function (GDF) index by dividing the ONH into 24 sectors.'®*’ GDF results may
range from —100 to +100, tends to be positive in normal eyes and negative in those with glaucoma, with lower GDF
values indicating worst damage.’® The index also takes into account, when determining the value, whether low ONH Hb
estimates occur in regions most affected by localized glaucomatous damage.*® This methodology yields the GDF with

a sensitivity of approximately 89% at 95% specificity.'”'®2°

Data Analysis

Descriptive analysis was used to present demographic and clinical data. Qualitative variables were analyzed by Fisher’s
and chi-square tests. Shapiro—Wilk and Kolmogorov—Smirnov tests were used to determine the normal distribution. Non-
parametric quantitative variables were compared using the Kruskal-Wallis test. Multiple comparison tests were per-
formed for statistically significant differences. The study's main outcome was the comparison of sensitivity and accuracy
results between general ophthalmologists’ evaluation (from each of the 4 groups) and the Laguna ONhE GDF index.
Secondary study outcomes were specificity (Sp), positive predictive value (PPV) and negative predictive value (NPV)
results. Analyzes were made through the OpenEpi software (Dean AG, Sullivan KM, Soe MM. Open-Source
Epidemiologic Statistics for Public Health, version 3). The mean of the number of correct answers were also compared
between the different groups, and Kappa statistics (k) was used to access the agreement between examiners. Statistical
analysis was performed using SPSS software, version 22.0 (Statistical Package for the Social Sciences; SPSS Inc,
Chicago, IL, USA) and statistical significance was set at P< 0.05.

80 patients: 40 glaucoma/40 physiological cupping

Group | Group 11 Group III Group IV
CR CR + VF CR + OCT CR + VF + OCT
=10 glaucoma =10 glaucoma «10 glaucoma =10 glaucoma
=10 physiological cupping -10 physiological cupping =10 physiological cupping =10 physiological cupping

Figure | Study protocol fluxogram for the entire sample.
Abbreviations: CR, color retinography; OCT, optical coherence tomography; VF, visual field.
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Results

A total of 80 eyes of 80 patients were included (40 with glaucoma and 40 with LPC) and evaluated by 20 ophthalmol-
ogists, resulting in 1600 slides. Patients with LPC were significantly younger than those with glaucoma (48.5+13.8 vs
65.2+12.7 years, respectively; p<0.001). Most of the patients were women (67.5%), with no significant difference in
gender distribution (p=0.61). Automated image analysis by the software was not feasible in 4 cases due to poor
retinography quality (1 glaucoma patient from GIII and 3 glaucoma patients from GIV).

Regarding the Laguna ONhE, mean GDF values were significantly lower in eyes with glaucoma compared to those
with LPC, with significant differences in GI (—36.2+25.6 vs 0.40+23.7; p=0.003), GII (—38.05 + 31.38 vs —16.73 + 17.81,
p=0.02) and GIII (—42.72 + 17.27 vs —24,50 + 17.26, p=0.03). Examples of patients with and without glaucoma were
shown in Figure 2. We found an accuracy of 58%, Se 97.2%, Sp 25%, PPV 53.8%, NPV 90.9% for the GDF index.
Having in mind, its screening performance, within group analyses revealed higher sensitivity values for the Laguna
ONhQE GDF (GI- 90%; GII-90%; GIII-100%; GIV-100%) comparing to all groups based on general ophthalmologists’
evaluation (GI-59%; GII-86.5%; GIII-86.5%; GIV-68.5%). In GI, in which it was observed the worst accuracy result for
general ophthalmologists’ evaluation (64.8%), we found a 75% accuracy for GDF. In GII, in which it was observed the
best accuracy results for general ophthalmologists (81.3%), we found a 55% accuracy for GDF. The comparisons of
accuracy, Se, Sp, PPV and NPV values are provided in Table 1.

The intra-observer kappa coefficients were significantly different between the 4 groups (p<0.001). GII had the highest
rate (k= 0.63, 95% CI 0.53-0.72), followed by GIII (k= 0.58, 95% CI 0.48-0.68), GIV (k=0.41, 95% CI 0.31-0.51) and
GI (k=0.30. 95% CI 0.20-0.39).

Analysis of OCT revealed a VCDR of 0.89+0.13 in patients with glaucoma and 0.84+0.10 in those with LPC
(p=0.002). Mean values of the optic disc area were 2.03+0.52 mm? in patients with glaucoma and 2.17+0.46 mm? in
those with LPC (p=0.196). Disc area greater than 2 mm?> occurred in 45% of the patients with glaucoma and 62.5% in
those with LPC (p=0.180). Considering the 2 groups (GII and IV) in which VF test results from glaucomatous eyes were
provided, the mean of mean deviation (MD) index was —8.17+£5.19 dB and mean PSD was 7.43+3.63 dB. Table 2
provides the VF results in detail. Considering the 2 groups (GIII and IV) in which OCT results from glaucomatous eyes
were provided (Table 3), mean average RNFL thickness was 86.55+27.09 pm.

Discussion
We conducted a study comparing the estimation of ONH Hb with the performance of non-glaucoma specialists
evaluating CR only and the combination of this with VF and/or OCT to distinguish glaucoma from LPC. To our
knowledge, this is the first study comparing Laguna ONhE with non-specialist diagnostic performance. Having in mind
its screening applicability, comparatively, we found good sensitivity results and fair accuracy with this automated CR-
based analysis. This finding is strengthened by the fact that not only the study population was mostly comprised of eyes
with mild to moderate glaucoma, but also that our controls had large cupping, resulting in a more challenging diagnostic
scenario.

Optic disc clinical evaluation, even by specialists, shows low agreement, which can be explained in part by the

731734 1n this study, the group in which only retinography was available (GI) presented the

different anatomical variations.
worst diagnostic performance and poor agreement among non-specialists (k=0.30). Accuracy was better when VF and/or
OCT was added to the CR analysis.*>>° Comparing the ability of general ophthalmologists to differentiate glaucomatous
from normal eyes, Vessani et al have shown that OCT results overcomes physicians’ subjective assessment of the ONH
using stereophotos.’

Previous studies have evaluated the diagnostic performance of the Laguna ONhE software.'®*°*' De la Rosa et al
showed that GDF had an area under the curve (AUC) 0.97, with a sensitivity of 89%, comparing patients with glaucoma
and controls.'® In this study, hemoglobin levels showed a good correlation with the cup to disc ratio of OCT (0.71)."®
Meneses et al demonstrated a good accuracy of hemoglobin measurements in differentiating healthy individuals from
eyes with mild glaucoma, with GDF index showing a Se of almost 80%.*° Estimated hemoglobin levels were higher in
almost all sectors (21/24) comparing patients with glaucoma and controls (p<0.05).*° Our study demonstrated a more
realistic clinical scenario, in which all participants had a suspicious ONH appearance. We believe it was a more
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Hemoglobin

Hemoglobin

Figure 2 Example of patients with glaucoma and presumed large physiological cupping.(Ai)-retinography of the optic disc of patient with glaucoma (from Group Ill), (Aii)-
correspondent pseudo-image estimating the amount of hemoglobin (according to the colorimetric scale shown). Correct diagnosis of glaucoma, with Glaucoma Discriminant
Function index (GDF) of —81.99. (Bi)- retinography of the optic disc of patient with large physiological cupping (LPC) from Group I. (Bii)- correspondent pseudo-image
estimating the amount of hemoglobin, correct diagnosis of LPC, with GDF of 31.17. (Ci)- retinography of the optic disc of patient with large physiological cupping (from
Group (I). (Cii)- correspondent pseudo-images estimating the amount of hemoglobin and misdiagnosis of glaucoma with GDF —57.57.

challenging situation for both the physicians and the software itself than the conventional diagnostic studies, in which all
control eyes usually have small cupping (physiological appearance). Our findings not only suggest a good screening
applicability for the software itself, but also that it provides greater sensitivity results than general ophthalmologists’
evaluation.

Considering structure-functional correlations in glaucoma, our group has previously shown a significant linear
correlation between hemoglobin levels and OCT parameters and a significant nonlinear correlation between GDF and
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Table | Comparison of Accuracy, Sensitivity, Specificity, Positive Predictive Value and Negative Predictive

Value in Group |, II, llI, IV and the Software Laguna ONhE
Gl (CR) GIl (CR/VF) Glll (CR/OCT) GIV (CR/VF/OCT)
Generalist | Laguna | Generalist | Laguna | Generalist | Laguna | Generalist | Laguna

Accuracy (%) 64.8 75 81.3 55 79 53 70.5 50
Se(%) 59 90 86.5 90 86.5 100 68.5 100
Sp(%) 70.5 60 76 20 715 10 725 10
PPV (%) 66.7 69.2 783 52.9 75.2 50 714 437
NPV(%) 63.2 85.7 84.9 66.7 84.1 100 69.7 100

Abbreviations: CR, color retinography; NPV, negative predictive value; OCT, optical coherence tomography; PPV, positive predictive value;
Se, sensitivity; Sp, specificity; VF, visual field; %, percentage.

VF values.”® Analyzing the GDF pattern in different glaucoma stages, we documented that the GDF values decay may
precede VF changes overtime. Other studies also showed good agreement between ONH Hb and both OCT and VF,
based on Octopus and Easyfield perimeters.”’> ***' Mendez-Hernandez et al comparing control with suspected and
diagnosed glaucoma patients, found an area under the receiver operating characteristic curve of 0.80 for OCT retinal

Table 2 Comparison of Visual Field Parameters Between GlI
(n=10) and GIV (n=10), Among Patients with Glaucoma

G Il (CR + VF) | G IV (CR + VF + OCT) | p value
VFI (%) 71 + 16.07 83.6 + 14.19 0.087
MD (dB) | ~9.66 * 5.45 ~6.67 + 470 0.19
PSD (dB) | 9.08 +3.25 578 + 333 0.038
FN (%) 420 + 5.09 820 + 1211 0349
FP (%) 270 + 4.19 3.80 +2.97 0.429

Note: Data are represented as mean * deviation.
Abbreviations: CR, color retinography; dB, decibel; FP, false positive; FN, false
negative; MD, mean deviation; PSD, pattern standard deviation; OCT, optical coher-

ence tomography; VF, visual field; VFI, visual field index; %, percentage.

Table 3 Comparison of Optical Coherence Tomography Parameters
Between GllIl (n=10) and GIV (n=10), Among Patients with Glaucoma

G 1ll (CR/IOCT) | G IV (CRIVFIOCT) | p value
RNFL (um) 77.79 £ 1275 9531 + 34.86 0.153
RNFL/Sup (um) 79.50 + 13.52 92.50 * 26.48 0.184
RNFL/Inf (um) 76.07 + 12,61 98.12 + 43.63 0.142
GCC (um) 80.78 * 13.99 83.59 £ 19.17 0.627
GCC/Sup (um) 79.57 £ 14.13 84.38 + 149 0.394
GCC/Inf (um) 82.05 + 17.34 82.82 + 24.60 0.858
FLV/(%) 6.03 + 4.09 7.43 £ 503 0712
GLV(%) 17.96 + 11.99 18.4 + 8.68 0.857
Vertical C/D ratio 091 + 0.09 0.84 + 02 0291

Note: Data are represented as mean * deviation.
Abbreviations: CR, color retinography; FLV, focal loss volume; GCC, mean ganglion cell
complex thickness; GCC/Inf, mean inferior ganglion cell complex thickness; GCC/Sup,
mean superior ganglion cell complex thickness; GLV, global loss volume; OCT, optical
coherence tomography; RNFL, mean retinal nerve fiber layer thickness; RNFL/Inf, mean
inferior retinal nerve fiber layer thickness; RNFL/Sup, mean superior retinal nerve fiber
layer thickness; Vertical C/D ratio, vertical cup to disc ratio; VF, visual field; um, micra; %,

percentage.

nerve fiber layer thickness and 0.78 for GDF (p=0.59).%°
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It is important to discuss our main clinical implications. It is crucial to facilitate the early diagnosis of glaucoma by
non-specialist. In this context, different devices have been used to evaluate the vascular dysfunction, such as echo
doppler, oxygen concentration measurement in the ONH and OCT angiography.***> The Laguna ONhE software can
potentially be an easy, non-invasive and low-cost tool. Based on its good sensitivity, good NPV and fair accuracy results,
even in this challenging study population, the software could add on daily practice, as a screening method. Eyes with
suspicious ONH appearance presenting with an abnormal GDF result would then deserve an evaluation by a glaucoma
specialist or undergo further ancillary exams to confirm or rule-out the glaucoma diagnosis. On the other hand, most
cases with negative results would likely not require such investigation. It should be noted the low specificity values
presented by the software in our study. Conversely, in a study in a different population, Mendez-Hernandez et al found
much better specificity results for the GDF index (over 70%).2° As aforementioned, this fact is likely related to the optic
disc appearance of our controls. For instance, Prata et al demonstrated that OCT parameters had a limited diagnostic
ability when controls had a suspicious ONH appearance, instead of a small physiological cupping.46 Another reason
could be the decrease in specificity in eyes with larger optic discs. In our study, 62.5% of the individuals in the LPC
group had medium to large discs. Corroborating these results, some studies showed that the diagnostic performance of
OCT measurement deteriorates as the optic disc size enlarges.*’°

Some specific limitations of our study should be addressed. First, the distribution of patients into the groups did not
take into account the level of glaucomatous damage, which may have interfered with the performance of non-specialists,
knowing that the diagnostic sensitivity increases with the greater severity of the disease.*>*’*° Second, all examiners
were aware that 50% of the patients in each group had glaucoma. This fact may have interfered with diagnostic accuracy.
Besides that, the diagnostic performance in the last group may have been influenced by examiners fatigue. However, it
should be noted that no time limit was imposed for the analyses and it could be performed in the sequence preferred by
each ophthalmologist. Third, the study diagnostic scenario does not resemble a real life scenario, as examiners did not
have access to patients’ clinical history, longitudinal assessments, or the possibility of comparison with the contralateral
eye. Furthermore, we must mention the possibility that other factors could interfere with hemoglobin levels. But, on the
other hand, several studies since 2013 have demonstrated low levels of ONH Hb in glaucoma patients. The indices
provided by the software proved to be different between control and glaucoma patients, reproducible and with good

18,20-23,29,30,40,41 Fll’lally
>

structure-structure and structure-function correlation. the results should not be extrapolated to

other populations.

Conclusion

Laguna ONhE software, a low-cost and non-invasive method, showed good sensitivity and great utility as a screening
method in differentiating patients with glaucoma from those with LPC, compared with evaluation of general ophthal-
mologists. Future studies are needed to evaluate the performance of the software in the longitudinal follow-up of
individuals with suspected or diagnosed glaucoma.
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