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Influence of visual field results
in the glaucoma diagnosis

Influéncia dos resultados do campo visual
no diagnostico de glaucoma

Leopoldo Magacho!, Cldudia Gomide Vilela de Sousa Franco', Gustavo de Paula Figueiredo', Arnaldo Machado Borges
do Vale'!, Bruna Thomé Rassi', Marcos P. Avila'

ABSTRACT

Objective: To determine the influence of visual field results in the diagnosis of glaucoma. Methods: A questionnaire with ophthalmologists
was conducted where slides of a digital photograph of the optic disc and computerized visual field exam were presented.(Physicians were
instructed to answer whether glaucoma was observed in each of the slides). No other information was given to those examiners. Half of
the patients had glaucoma with corresponding visual field, and the other half had physiological cupping and normal visual field. The slides
were equally divided between retinography and corresponding visual field (same patient) and exams randomly exchanged, where an optic
disc of glaucoma with a normal visual field was placed, and vice-versa. The order in which the slides were presented was also randomi-
zed. Results: Forty slides were evaluated by 29 ophthalmologists. No glaucoma specialist was included. The overall agreement among
the examiners (Kappa) was 0.270 + 0.281, and 0.261 + 0.238 for the exams of the same eye and was 0.274 + 0.217 from the slides with the
exams changed (p=0.4). The diagnosis was made correctly in glaucoma patients with corresponding visual field exam in 66.89% of the
cases, and in 66.20% of patients with physiological cupping. When the exams were exchanged, the results dropped to 34.13 % and 35.86 %,
respectively (p<0.001 for both). Conclusion: Visual field results may influence the diagnosis of glaucoma by non-glaucoma specialists.
Keywords: Glaucoma/diagnosis; Visual field tests; Optic disk; Observer variation; False negative reactions.

Resumo

Objetivo: Avaliar a influéncia da campimetria computadorizada no diagnéstico do glaucoma. Métodos: Foi realizado questionério
com oftalmologistas apresentando slides com uma fotografia digital de disco Optico e campo visual computadorizado. Os médicos
deveriam assinalar se o exames apresentados eram de glaucoma ou nao. Nenhuma outra informacao foi passada para os examinado-
res. Metade dos pacientes apresentavam glaucoma com dano correspondente de campo visual, e a outra metade aumento fisioldgico
da escavagao e campo visual normal. Os slides foram igualmente divididos em: retinografia e campo visual correspondentes (mesmo
paciente) e exames invertidos de forma aleatdria, colocando um disco éptico de glaucoma com um campo visual normal e vice-versa.
A ordem de apresentagado dos slides foi randomizada previamente. Resultados: Foram incluidos 40 slides, avaliados por 29 oftalmo-
logistas. Nenhum especialista em glaucoma foi incluido. A concordancia entre os examinadores (Kappa) foi de 0,270 + 0,281, sendo
de 0,261 + 0,238 para os exames correspondentes e 0,274 + 0,217 para os slides com os exames trocados (p=0,4). O diagnéstico foi
realizado corretamente nos pacientes com glaucoma com o campo visual correspondente em 66,89% dos casos, e em 66,20% nos
pacientes com aumento da escavac¢do (normais). Quando houve a troca da correspondéncia dos exames, os valores cairam para
34,13% e 35,86%, respectivamente (p<0,001 para ambos). Conclusao: O conhecimento prévio dos resultados do campo visual pode
influenciar o diagnéstico do glaucoma.

Descritores: Glaucoma/diagnéstico; Testes de campo visual; Disco 6ptico; Variagdes dependentes do observador; Reagdes falso-negativas.
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INTRODUCTION

laucoma is a multifactorial disease characterized by
Gdamage to the optic disc and/or retinal nerve fiber layer
(RNFL) with typical damage to the visual field. The func-
tional damage assessed by the visual field, although late in the
pathogenesis of glaucoma,V generally occurs in correspondence
with the structural damage.®
The clinical judgment is the core of the medical profession.
Physicians, however, tend to use complementary information to
increase their ability to diagnose. A widely used exam to help
ophthalmologists to evaluate glaucoma, the visual field, has an ele-
ment of subjectivity, which includes the physician’s own learning
curve™® and multiple sources of variability” such as individual
errors, fixation loss, false-positive and false-negative results. @
Therefore, an initial visual field assessment may not indicate the
real condition of the patient, and could have a modified result if
retested,® resulting in errors of interpretation and subsequent
evaluation of the patient’s condition. A glaucomatous visual field
may, therefore, only be a result of a learning experience with the
exam. On the other hand, initial glaucomatous optic disc damage
may not have a correspondent visual field defect. Typical glau-
comatous damage to the optic disc and/or RNFL,” however, is
an absolute indication of glaucoma, and diagnosis is established
regardless of the results obtained with the visual field assessments.
The result of a given exam may influence the clinical
judgment by examiners. It has been shown that knowledge of
chronology of optic disc stereophotographs influences the deter-
mination of glaucomatous progression.t? Similarly, it is possible
to hypothesize that the evaluation of complementary exams,
especially those that may be affected by physician and/or patient
subjectivity such as the visual field exam, before examining the
patient, could alter the clinical judgment of the physician. This
study aims to determine whether the visual field may influence
the diagnosis of glaucoma.

METHODS

This study was conducted at the glaucoma sector of the
ophthalmology department at the Federal University of Goias,
Goiania, Brazil (CEROF-UFG) after approval by the Ethics
Committee of that institution. Patients with glaucoma (criteria
below), and patients with physiological cupping,'” but without
characteristic signs of glaucomatous optic disc (described below)
were included in the study. At least two reliable and normal SITA
Standard 24-2 visual field (Humphrey Systems, Dublin, CA)? and
intraocular pressure less than 18mmHg were eligibility criteria
required for inclusion in the last group.

Only glaucoma patients with equal number of glaucomatous
visual fieldand optic disc showing typical glaucomatous change,
such as notching, global or localized (Hoyt) RNFL loss, vascular
changes and/ or optic disc hemorrhagewere included in this study.
©12 Furthermore, patients had to be in the initial or moderated
visual field lossstages to be considered. (' If eligible, both eyes
were included.

For both groups, exclusion criteria were recent intraocular
surgery (less than 3 months), unreliable visual field, inability
to perform visual field assessments, aphakia or other change on
biomicroscopy or ocular fundus that could alter the results of the
visual field (except for glaucoma in its respective group), such as
age-related macular degeneration or retinal detachment, miosis
(pupil < 3mm), drug-induced mydriasis, as well as recent inclusion
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in another research protocol (6 months) and the patient’s refusal
to participate. Every patient in either group had best corrected
visual acuity greater than or equal to 20/40; diagnosis was pre-
viously confirmed by at least two glaucoma specialists.

In order to be included, all patients had to have 24-2 SITA
Standard visual field and digital fundus photography (Visucam
Lite, Carl Zeiss Meditec, Jena,Germany), presenting the optic
disc and RNFL, both done in the same day. Patients were se-
lected during 3 consecutive months. Each patient’s visual field
and retinography were displayed into one slide and then sent to
prospective evaluation by 29 ophthalmologists, none of whom
were glaucoma specialists. Each ophthalmologist received 40 pair
of tests (40 slides), half of which with a corresponding exam of the
eye (visual field and retinography). In the other half, the exams
were randomly exchanged, and only the position of the eye (right
or left) was observed. This means, physiological cupping retinogra-
phy with glaucomatous visual field, and glaucomatous optic disc
with normal visual field. Consequently, ten slides of each of the
four groups - glaucomatous retinography and visual field, normal
retinography and visual field, glaucomatous retinography and
normal visual field and normal retinography with glaucomatous
visual field - were sent to the examiners.

Neither the patients’s names nor their initials were disclosed
to the ophthalmologists;slides were marked with numbers instead.
Actual distribution of the exams in each slide was only known
to the study’s authors and the order of the slides presented was
randomized. All randomization done in the study was through
the website www.randomization.com.

One of the authors of the study presented the slides to each of
the examiners individually on a 14-inch screen laptop. Completion
of the questionnaire was not timed. The identity of each ophthal-
mologist remains confidential. Examiners were initially informed
that this was a study to assess the ability of diagnosing glaucoma
through exams without direct examination of the patient, especially
designed to serve remote areas, without the presence of an expert
on-site. They were also informed that all patients had glaucoma or
suspicion of having glaucoma. No other information was given to
those examiners. All physicians made conclusions as to whether
each patient had glaucoma after evaluating each such patient’s
slide. Only after data collection, the examiners were informed of
the real purpose of the study. Subsequently, they provided consent
for analysis and possible publication.

Statistical analysis was performed using SPSS software,
version 15.0 (SPSS Inc, Chicago, IL). Normality of the samples
was performed using the Kolmogorov- Smirnov test. The indepen-
dent Student test was used to compare the groups’ assessments.
Categorical data were compared using the chi-square test, and
the agreement between examiners by cross tabulation and Kappa
index (correct tests vs. exchanged). In the present study, p values
< 0.05 were considered statistically significant.

Resutts

A total of 290 evaluations per group were performed: 40
eyes, 10 in each group, were assessed by 29 ophthalmologists. The
mean MD of glaucoma eyes was -3.76 + 2.38 dB and 0.18 dB +
0.96 in the normal ones (p<0.001).

The average kappa value between examiners was 0.270 +
0.281 (range -0.316 to 0.725). When visual field and corresponding
retinography were considered in each patient, the average kappa
value was 0.261 + 0.238 (range -0.443 to 0.798 ), similar to the
results achieved when only the eyes with exchanged exams was
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considered (mean : 0.274 + 0.217 , ranging from -0.354 to 0.900,
p =04, (figure 1).
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Figure 1: Comparison between when analyzed visual field and cor-
responding retinography were considered in each patient,and similar
to the results achieved when only the eyes with exchanged exams
was considered.

Diagnosis was accurate in 66.89% of glaucoma eyes with
corresponding visual field, and 66.20% in patients with physiolo-
gical cupping and respective visual field. The values decreased to
34.13% and 35.86 %, respectively (p<0.001 for both) when only the
slides where there was an exchange of visual field were considered.

DiscussioN

The normal optic disc can have different dimensions for
both the size and cup.!>¥ In the diagnosis of glaucoma, changes
that are typical to the condition must be considered,™ not only
cupping, so that false diagnosis (physiological cupping) can be
avoided, or at least reduced.

The relationship between the damaged optic disc and the
corresponding visual field is generally used in the evaluation of
glaucoma. However, visual field examination is subjective, and
therefore subject to variability” such as the physician’s learning
curve, becoming more reliable with increased patient testing
experience.*® Thus, it is necessary to considerer this important
confounding factor to reduce bias when conducting a study
protocol involving glaucoma patients, where multiples tests are
needed.“® Classification of the visual field is variable and also
the agreement between observers,*1” those assessments could
be weak to moderate if performed by general ophthalmologists,
rising from moderate to substantial if performed by glaucoma
specialists.!” In fact, confounding factors for glaucoma diagnosis
by analyzing the optic disc and visual field can be substantial, and
should be observed. Proper glaucoma diagnosis can be improved
when both the optic disc and visual field are analyzed concurrently.

In the present study, the examiners had access to a digital
retinography and visual field per eye to perform the diagnosis of
glaucoma. All eyes included in the glaucoma group were from
patients under treatment for glaucoma, with glaucomatous optic
disc and reproducible glaucomatous visual field defects in at least
two different visual field tests. Therefore, theoretically, these pa-
tients had glaucoma more perceptible than if only patients with
pre-perimetric glaucoma had been considered, when diagnosis is
suggestive where only optical disc is examined; this could, conse-
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quently, bias the results. The mean MD was -3.76 + 2.38 dB, since
only initial or moderated visual fields were included. Patients with
physiological cupping had to have their optic disc with minimal
confounding factors as possible and had to have a reliable and
reproducible normal visual field.

There was poor agreement between the examiners in the
diagnosis of glaucoma (Kappa: 0.270 + 0.281). The Kappa values
remained low and similar (p=0.4) even when the analysis was made
considering only the slides where the retinography and visual field
were from the same patient or only the exchanged ones. Kappa
values near one express full agreement, and results near zero
indicate no agreement or expected by chance. Negative Kappa
values indicate agreement less than expected by chance and suggest
disagreement, but its absolute value should not be considered as
the intensity of the disagreement.!® Agreement in the diagnosis
of glaucoma in any study does not necessarily indicate accuracy;
it indicates that the examiners had evaluated a large number of
coincident responsés throughout the test, which could however be
completely different from the expected. One may anticipate incre-
ased agreement in the diagnosis of glaucoma when both tests from
the same patient was presented, which however did not happen.
Despite the increased rates of correct diagnosis in this subgroup
of slides, individual slide evaluation had great variability, as can be
noted in the figure, where the distribution cloud of the two groups
is well dispersed to both sides of the line from the linear regression.

The diagnosis was correctly made in about 35% of cases when
the visual field was exchanged, and slightly over 66 % when the visual
field and optic disc were from the same eye. These results indirectly
reflect the low accuracy of relating the optic disc with a given visual
field. It seems that clinicians usually rely on their judgment mainly
in the visual field results. In a previous paper, ophthalmologists were
asked to match optic discs with their corresponding visual field
and of classifying them as healthy or glaucomatous. They correctly
matched in 58.7% of cases. In most mismatches, the clinicians
overestimated the visual field damage.!'” Apparently, this situation
also happened here.

Itis possible that the presentation of the optic discand RNFL
through optic disc stereophotographs could increase the diagnostic
ability of the observers,® a potential weakness of the study. Howe-
ver, a previous paper failed to demonstrate any significant advan-
tage of stereoscopic photographs compared to monoscopic optic
disc photographs to estimate glaucoma likelihood.?" Furthermore,
this study was not designed with the aim of assessing the ability to
detect glaucoma, but to test the influence of the visual field evalua-
tion in its diagnosis. Furthermore, the presentation of the optic disc
and RNFL in a digital retinography and not in a stereoscopic slide
affects both groups equivalently, at least reducing this possible bias.
However, even with the digital retinography suggesting glaucoma
(or normality), the visual field was decisive in this selected sample
to characterize an eye as glaucomatous or not.

Although there are no epidemiological data in the majority
of countries, including Brazil regarding this subject, a large amount
of patients who are being evaluated or who have been diagnosed
with glaucoma aren’t treated by glaucoma specialists. Additionally,
a larger power of the tests is obtained with a greater number of
observers. That is the reason why glaucoma specialists were not
included as observers, as they could produce different opinions.

In conclusion, it is possible to suggest that the clinical
evaluation of patients with glaucoma (or under investigation)
should be conducted before the interpretation of the visual field.
The knowledge of the results of the visual field can influence the
judgment of the diagnosis of glaucoma.

Rev Bras Oftalmol. 2017;76 (6): 285-8



288

10.

11.

12.

13.

Magacho L, Franco CG VS, Figueiredo GP, Vale AMB, Rassi BT, AvilaMP

REFERENCES

Kerrigan-Baumrind LA, Quigley HA, Pease ME, Kerrigan DF, Mit-
chell RS. Number of ganglion cells in glaucoma eyes compared with
threshold visual field tests in the same persons. Invest Ophthalmol
Vis Sci. 2000;41(3):741-8.

Anderson. DR, Patella VM. Automated Static perimetry. 2nd ed. St.
Louis, Missouri; USA; 1999.

Hitchings RA, Spaeth GL.The optic disc in glaucoma II: correlation
of the appearance of the optic disc with the visual field. Br J Oph-
thalmol. 1977;61(2):107-13.

Castro DP, Kawase J, Melo LA, Jr. Learning effect of standard au-
tomated perimetry in healthy individuals. Arquivos brasileiros de
oftalmologia. 2008;71(4):523-8.

Heijl A, Bengtsson B.The effect of perimetric experience in patients
with glaucoma. Archives of ophthalmology. 1996 ;114(1):19-22.
Kulze JC, Stewart WC, Sutherland SE. Factors associated with a le-
arning effect in glaucoma patients using automated perimetry. Acta
ophthalmologica. 1990;68(6):681-6.

Blumenthal EZ, Sample PA, Berry CC, Lee AC, Girkin CA, Zan-
gwill L, et al. Evaluating several sources of variability for standard
and SWAP visual fields in glaucoma patients, suspects, and normals.
Ophthalmology. 2003;110(10):1895-902.

Gillespie BW, Musch DC, Guire KE, Mills RP, Lichter PR, Janz NK,
et al. The collaborative initial glaucoma treatment study: baseline
visual field and test-retest variability. Invest Ophthalmol Vis Sci.
2003;44(6):2613-20.

Varma R, Spaeth GL. The Optic Nerve in Glaucoma. Philadelphia:
J. B. Lippincott; 1993.

Altangerel U, Bayer A, Henderer JD, Katz L], Steinmann WC, Spaeth
GL. Knowledge of chronology of optic disc stereophotographs in-
fluences the determination of glaucomatous change. Ophthalmology.
2005;112(1):40-3.

Jonas JB, Zach FM, Gusek GC,Naumann GO. Pseudoglaucomatous
physiologic large cups. Am J Ophthalmol. 1989;107(2):137-44.
Hodapp E, Parrish IT RK, Anderson DR. Clinical Decisions in Glau-
coma. St. Louis, Missouri, USA; 1993.

Bengtsson B. The variation and covariation of cup and disc diameters.
Acta Ophthalmol (Copenh). 1976;54(6):804-18.

Rev Bras Oftalmol. 2017;76 (6): 285-8

14.

15.

16.

17.

18.

19.

20.

21.

Jonas JB, Gusek GC,Naumann GO. Optic disc, cup and neuroretinal
rim size, configuration and correlations in normal eyes. Invest Oph-
thalmol Vis Sci. 1988;29(7):1151-8.

Jonas JB, Bergua A, Schmitz-Valckenberg P, Papastathopoulos
KI, Budde WM. Ranking of optic disc variables for detection of
glaucomatous optic nerve damage. Invest Ophthalmol Vis Sci.
2000;41(7):1764-73.

King AJ, Farnworth D, Thompson JR. Inter-observer and intra-ob-
server agreement in the interpretation of visual fields in glaucoma.
Eye (Lond). 199711 ( Pt 5):687-91.

Lin AP, Katz LJ, Spaeth GL,Moster MR, Henderer JD, Schmidt CM,
Jr., et al. Agreement of visual field interpretation among glaucoma
specialists and comprehensive ophthalmologists: comparison of time
and methods. BrJ Ophthalmol. 2011;95(6):828-31.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-74.

van der Schoot J, Reus NJ, Garway-Heath DF, Saarela V, Anton A,
Bron AM, et al. Accuracy of matching optic discs with visual fields:
the European Structure and Function Assessment Trial (ESAFAT).
Ophthalmology. 2013;120(12):2470-5.

Reus NJ, Lemij HG, Garway-Heath DF, Airaksinen PJ, Anton A,
Bron AM, et al. Clinical assessment of stereoscopic optic disc pho-
tographs for glaucoma: the European Optic Disc Assessment Trial.
Ophthalmology. 2010;117(4):717-23.

Chan HH, Ong DN, Kong YX, O’Neill EC, Pandav SS, Coote MA,
et al. Glaucomatous optic neuropathy evaluation (GONE) project:
the effect of monoscopic versus stereoscopic viewing conditions on
optic nerve evaluation. Am J Ophthalmol. 2014;157(5):936-44.

Corresponding author:

Dr. Leopoldo Magacho

VER Exceléncia em Oftalmologia:

Av. Americano do Brasil, 260 Setor Marista, Goiania — GO — Brazil ,
Zip code 74180-010

Phone/Fax: +55 (62) 3096-9696

E-mail: Imagacho@hotmail.com



