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Relationship between visual field sensitivity loss and quadrantic macular
thickness measured with Stratus-Optical coherence tomography

in patients with chiasmal syndrome

Correlagdo entre defeito de campo visual e espessura macular quadrintica avaliada através da
tomografia de coeréncia dptica em pacientes com compressiao quiasmdtica

FRreDERICO CASTELO MoURA!, LucIANA VIRGINIA FERREIRA CoSTA-CUNHA®, ROBERTO FREIRE SANTIAGO MALTA!, MARIO Luiz RiBEIRO MONTEIRO!

ABSTRACT

Purpose: To correlate visual field sensitivity (VFS) loss on standard automated
perimetry (SAP) and quadrantic macular thickness on optical coherence tomo-
graphy (OCT) in patients with permanent temporal hemianopia from chiasmal
compression.

Methods: Forty eyes from 40 patients with chiasmal compression and 40
healthy eyes were submitted to standard automated perimetry and Stratus-
OCT scanning. Raw data of the fast macular thickness scanning protocol were
exported and macular thickness measurements were recorded and averaged
for each quadrant and half of the central area. The correlation between visual
field sensitivity loss and optical coherence tomography measurements was
tested with Pearson’s correlation coefficients and with linear regressionanalysis.
Results: A significant association was found between each macular thickness
parameter and the corresponding central VF mean sensitivity. The strongest
association was observed between superonasal macular thickness and the
inferotemporal mean defect measured both in decibel (R=0.47; p=0.001) and
in 1/Lambert (R=0.59; p<0.0001) units.

Conclusion: Stratus-OCT-measured macular thickness was topographically
related with visual field sensitivity loss in patients with temporal hemianopia from
chiasmal compression. Such measurements could prove clinically useful in the
diagnosis and follow-up of patients with chiasmal compression.
ClinicalTrial.gov identifier number: NCT0039122.

Keywords: Tomography, optical coherence; Perimetry; Optic atrophy; Optic
chiasm; Hemianopsia; Visual fields

RESUMO

Objetivo: Avaliar a correlagdo entre o defeito de campo visual ao exame de
perimetria computadorizada e a espessura macular quadrantica ao exame de
tomografia de coeréncia dptica (OCT) em pacientes com hemianopsia tem-
poral permanente causada por compressdo quiasmatica.

Meétodos: Quarenta olhos de 40 pacientes com compressao quiasmadtica e 40
olhos de 40 individuos controles foram submetidos aos exames de perimetria
computadorizada e tomografia de coeréncia dptica. Dados ndo processados
foram exportados e as medidas de espessura macular foram calculadas para
cada quadrante e metade da drea macular central. A correlagdo entre o defeito
campimétrico e as medidas de espessura macular foi avaliada por coeficiente
de correlagdo de Pearson e por andlise de regressao linear.

Resultados: Associagcao significante foi encontrada entre os pardmetros de
espessura macular e seus respectivos defeitos campimétricos. A correlagdo
mais forte foi encontrada entre o pardmetro espessura macular nasal superior
e o defeito campimétrico médio temporal inferior medido em decibel (R=0,47;
p=0,001) e em 1/Lambert (R=0,59; p<0,0001).

Conclusdo: Medidas de espessura macular avaliada através da tomografia
de coeréncia dptica foi topograficamente relacionada ao defeito
campimétrico em pacientes com hemianopsia temporal por compressao
quiasmatica. Estas medidas podem provar a importancia clinica no diag-
nostico e sequimento dos pacientes com compressao quiasmatica.

ClinicalTrial.gov identifier number: NCT0039122.

Descritores: Tomografia de coeréncia dptica, Perimetria; Atrofia dptica,; Quias-
ma optico;, Hemianopsia; Campos visuais

INTRODUCTION

tudies evaluating the relationship between visual function
and the extent of axonal loss using retinal nerve fiber layer
(RNFL) and macular thickness measurements are for the
important diagnosis and monitoring of anterior visual pathway
diseases. A spatial correspondence between retinal ganglion
cell (RGQ) loss and visual field (VF) defect in patients with glau-
coma has been reported by several authors. However, only a
few studies evaluated structure-function relationship in optic
neuropathies other than glaucoma®”. Most of them have cor-
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related peripapillary RNFL thickness with VF loss measured on
standard automated perimetry (SAP).

The pattern of the neuronal damage in chiasmal compression
represents an important model for studies assessing instruments
for the measurement of retinal structures and provides informa-
tion for the investigation of structure-function relationships in
non-glaucomatous optic neuropathies. In patients with long-
standing extensive mid-chiasmal lesions the crossed nerve fibers
are lost with preservation of the uncrossed nerve fibers, which
originate in the temporal hemiretina and penetrate the optic
nerve through the superior and inferior arcuate fiber bundles.
Thus, RNFL loss occurs predominantly on the nasal and temporal
side of the optic disc, a pattern identified on ophthalmoscopy as
band atrophy (BA) of the optic nerve®. Distinctive changes may
also be observed in the RGC layer, with severe loss occurring in
the hemiretina nasally to the macula and relative preservation on
the temporal side. Using optical coherence tomography (OCT),
we and others were able to document both RNFL loss around the
nerve and RGC loss in the nasal hemiretina of eyes with this
pattern of neuronal loss®'3.
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RELATIONSHIP BETWEEN VISUAL FIELD SENSITIVITY LOSS AND QUADRANTIC MACULAR THICKNESS MEASURED WITH
STRATUS-OPTICAL COHERENCE TOMOGRAPHY IN PATIENTS WITH CHIASMAL SYNDROME

Macular thickness may provide important structural para-
meters to correlate with visual field sensitivity (VFS) loss in
patients with anterior optic pathway diseases. Since the gan-
glion cell layer and its axons account for up to 35% of the
thickness in the macular area™, estimates of macular thickness
can be used to investigate possible RGC loss. In previous studies,
we showed good correlation between macular thickness in
the nasal retina and VFS loss estimated from the temporal mean
defect in patients with long-standing chiasmal loss, although
we measured the macula according to a circular map with
values presented in sectors that did not respect the vertical
meridian""19. Therefore, the relationship between VFS loss
and macular thickness measurements could not be evaluated
in different quadrants as would be desirable for evaluating
structure-function relationship in patients with chiasmal syn-
drome. Although the equipment output refers to a circular area,
it is possible to obtain quadrantic measurements by analyzing
the raw data from the individual scans of the fast OCT macular
thickness protocol. Thus, the purpose of this study was (1) to
evaluate the ability of quadrantic macular thickness measure-
ments based on raw Stratus-OCT data to detect neuronal dama-
ge and (2) to assess the correlation between such measure-
ments and SAP-measured VFS in eyes with temporal field defect
and BA of the optic nerve.

METHODS

This was an observational, prospective cross-sectional
study that followed the principles of the Declaration of Helsin-
ki. Approval from the Institutional Review Board Ethics Com-
mittee was obtained and all participants gave their informed
consent.

Forty eyes from 40 patients (20 male) with temporal he-
mianopia and 40 eyes from 40 (20 male) normal age-matched
controls were studied. The mean + standard deviation age
was 43.75 + 12.4 years in BA group, and 43.97 + 11.9 years in
control group (P=0.93, Student’s t test). All patients with history
of chiasmal lesions had been submitted to previous treatment
of the suprasellar lesion and had stable VF defects and visual
acuity (VA) for at least 1 year prior to study entry. Subjects un-
derwent SAP using the full threshold 24-2 test of the Hum-
phrey Field Analyzer (Carl-Zeiss Meditec, Dublin, CA). VF and
OCT examinations were performed within a maximum period
of 1 week. The inclusion criteria for the study were best cor-
rected VA of 20/30 or better in the study eye; spherical re-
fraction within = 5 D and cylinder refraction within + 4 D;
intraocular pressure <22 mmHg; and reliable VF, defined as

one with less than 33% fixation losses, false-positive and false
negative responses. Patients with clinical signs of glaucoma or
optic disc anomaly were excluded.

Patients with BA of the optic nerve had complete or
partial temporal hemianopia on Humphrey perimetry, and a
nasal hemifield within normal limits on both tests. Only one
eye of each patient was selected for analysis. For the patients
in whom both eyes fulfilled the inclusion criteria, 1 eye was
randomly selected for analysis. On SAP, 18 eyes had comple-
te temporal hemianopia; 12 had a defect of approximately 1
quadrant; 10 had a defect involving less than 1 quadrant of VF.
The mean Humphrey VF mean deviation (MD) for the BA patients
was -9.03 + 5.09 (range, -1.09 to -15.98) and for normal control
individuals was -2.71 £+ 1.24 (range, 0.94 to -4.99; P<0.0001).

The extent of VFS loss was calculated by analyzing the
deviation from the normal in the total deviation plot cor-
responding to the 16 central points of the VF, an area roughly
equivalent to the area covered by OCT macular scans. The
values of the total deviation plot of the SAP 24-2 test covering
these 16 test points (18° x 18°) were calculated for each qua-
drant (superotemporal, inferotemporal, superonasal and infe-
ronasal) and for each hemifield (central nasal and central tem-
poral). Thus, each quadrant represented the average deviation
of 4 VF test points, and each hemifield the average deviation
of 8 VF test points (Figure 1). Deviation from normal in the
total deviation plot at each test location was measured in
decibels. Unlogged 1/Lambert (1/L) values were calculated
for each test location by dividing decibel readings by 10 and
then unlogging the quotient.

Subjects underwent ocular imaging with dilated pupil
using a commercially available OCT (Stratus OCT, Carl Zeiss
Meditec Inc., Dublin, CA). The fast macular thickness scan was
used to obtain macular thickness measurements with OCT.
Stratus OCT measurements of the macula were generated
from 6 consecutive linear scans, 6 mm in length, in a spoke-like
radial configuration each line 30 degrees apart and centered
on the fovea (Figure 1).

Raw data files of fast macular mapping OCT images (six 6-mm
radial linear scans) were exported to a removable disk using
the export feature of the Stratus OCT software (version 4.0).
For this study, four diagonal scans (scan # 2, 3, 5 and 6; Figure 1)
and one horizontal scan (scan # 4; Figure 1) were used to
calculate macular thickness. Because the inner retinal layers are
absent in the fovea, in each scan the 20 centrally located A-scan
points corresponding to the fovea were excluded. The vertical
scan (scan # 1) was not analyzed because it would provide no
data directly corresponding to the nasal and temporal retina.

Figure 1. Left; demarcation of points read on 24-2 standard automated perimetry. The 16 points contained in the central
square correspond to the area covered by Stratus optical coherence tomography scans. Right; schematic model showing
the scanning orientation and the sequence of scans used to calculate macular thickness.
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Average thickness was calculated for the inferonasal, supero-
nasal, inferotemporal and superotemporal quadrants by joi-
ning two half scans and averaging values from each test point
within the respective quadrants. A total of 108 A-scan points
per quadrant were averaged. To calculate the average thick-
ness of the nasal and temporal hemiretinas, the horizontal scan
was weighted-averaged with measures from the correspon-
ding quadrants (inferonasal and superonsal quadrants for the
nasal hemiretina; the superotemporal and inferotemporal
quadrants for temporal hemiretina).

Macular thickness parameters measurements from pa-
tients with BA and normal controls were compared using
Student’s t test. Pearson’s correlation coefficient (r) was used
to evaluate the strength of relationship between the macular
thickness parameters and corresponding VFS loss. Subsequen-
tly, the relationship between OCT-measured macular thick-
ness and VF sensitivity loss was described with linear regres-
sion analysis. VF data were treated as dependent variables and
FD-OCT measurements as independent variables in all regres-
sions. To evaluate the dependence between variables from a
same patient and to provide valid statistical inferences, intraclass
correlation coefficient (ICC) was performed‘®. Values of ICC lower
than 0.3 were considered as a weak association!”. Pvalues of less
than 0.05 were considered statistically significant.

RESULTS

A total of 40 eyes with temporal hemianopia and 40
control eyes were studied. Thirty-three patients had pituitary
adenoma, four had craniopharyngioma and three had para-
sellar meningioma. Table 1 shows the deviation from normal
values in each quadrant and hemifield of the 16 central VF
points both in dB and 1/L scale in eyes with BA. The greatest
loss of sensitivity measured in dB was observed in the supero-
temporal quadrant. When expressed in the 1/L scale, the
inferotemporal quadrant was the most severely depressed.

The mean (SD) macular thickness in the nasal hemiretina
was 231.23 (12.98) um and 260.91 (19.34) um in eyes with BA

Table 1. Central mean sensitivity in decibels (dB) and
1/Lambert (1/L) for visual field zones in the eyes with
band atrophy of the optic nerve

Visual field zone dB 1/L

Superotemporal central quadrant -20.81 + 1203 765.28 + 993.24
Inferotemporal central quadrant  -17.65 + 13.87  786.68 + 1137.45

Superonasal central quadrant -0.78 £1.94 1.27 £0.66
Inferonasal central quadrant -1.01 £ 1.61 1.29 £0.54
Temporal central 8 points -19.22 £ 1246 61691 +946.45
Nasal central 8 points -0.89 + 1.68 1.26 £0.58

E [T T 111 ||

Moura FC, Costa-CunHA LVEF, ET AL.

and controls, respectively. Corresponding values for the temporal
hemiretina was 231.71 (11.25) um and 257.18 (19.36) um. In eyes
with BA, quadrantic values of macular thickness were 232.16
(13.69); 233.96 (13.43); 232,99 (11.92) and 231.68 (11.76) in the
inferonasal, superonasal, inferotemporal and superotemporal
quadrants respectively. Corresponding values for normal eyes
were: 26041 (19.02); 262.62 (19.33); 258.86 (19.91) and 256.49
(17.81), respectively. All measurements were significantly lower
in eyes with BA compared to normal eyes (p<0.05 in all com-
parisons). The value of ICC was 0.238 (IC 95% 0,148-0,382).

Table 2 shows the relationship between quadrantic and
hemifield macular thickness parameters and the correspon-
ding VF sensitivity loss. The highest Pearson’s coefficient was
found between superonasal macular thickness and inferotem-
poral VFS loss, in both dB and in the 1/L (R=0.48 and R=0.59,
respectively). Figure 2 shows the results from the linear re-
gression analysis of the best-performing macular thickness
measurements and VFS loss based on the 16 central points of
the VF in dB and in 1/L units. Structure-function correlation
was generally greater when VFS loss was assessed in 1/L units
(Figure 2). Thus, the greatest sectoral R? was observed bet-
ween inferotemporal quadrant VFS loss and superonasal qua-
drant macular thickness (R’=35%, p<0.001), followed by the
correlation between the temporal hemifield VFS loss and the
nasal hemiretina macular thickness (R*=23%, p<0.001) and
between the superotemporal quadrant VFS loss and the infe-
ronasal quadrant macular thickness (R>=10%, p<0.001). When
VFS loss was measured in dB, the correlation values for the
corresponding parameters were 23% (p<0.001); 16% (p<0.001)
and 10% (p<0.001) (Figure 2).

DISCUSSION

Since Zeimer et al."® proposed to use macular thickness as
an indicator of glaucoma severity, several studies have investi-
gated this idea using technologies to measure retinal thick-
ness such as OCT"829 Such studies were conducted based on
the theory that the macular thickness might be superior to
circumpapillary RNFL for quantification of axonal loss, because
retinal ganglion cell bodies are 10 to 20 times the diameter of
their axons and because the retinal ganglion cell layer is more
than one cell thick in the macula®. However, despite the confir-
mation that macular thickness is in fact reduced in patients
with glaucoma, several studies have reported circumpapillary
RNFL thickness to be a more sensitive detector of glaucoma
than macular thickness(?3252 This may in part be due to limita-
tions inherent in the OCT software which is restricted to
analyzing macular data for the entire retina, leading to redu-
ced specificity. In this context, it should be recalled that glau-
coma and other optic neuropathies affect only the inner reti-
nal layers whereas the outer layers merely increase measure-
ment variability®®. On the other hand, technological improve-

Table 2. Relationship between Stratus-OCT macular hickness measurements and visual field central mean sensitivity loss for
each quadrant and hemifield in 40 eyes with band atrophy of optic nerve

Macular thickness measurement vs VF sector dB sensitivity P 1/Lambert sensitivity P

Inferonasal macular thickness vs superotemporal VF quadrant 0.32 0.040 0.32 0.040
Superonasal vs inferotemporal VF quadrant 0.48 0.001 0.59 <0.001
Inferotemporal vs superonasal VF quadrant 0.40 0.010 0.44 0.004
Superotemporal vs inferonasal VF quadrant 0.40 0.009 0.40 0.010
Temporal Average vs nasal central VF hemifield 043 0.006 0.44 0.004
Nasal Average vs temporal central VF hemifield 043 0.005 0.50 0.001

P=Pearson’s correlation coefficient. Significant values are in italic
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Figure 2. Scatterplots of the three strongest correlation between macular thickness values versus visual field sensitivity (VFS) loss measured in
decibel (dB, upper row) and 1/Lambert (1/L) units (lower row) in the 40 eyes with temporal hemianopia from chiasmal compression.

ments in image resolution have made segmentation and mea-
surement of individual retinal layers possible improving the
reliability of macular thickness measurements when compa-
red to RNFL thickness measurements for detecting axonal loss
in glaucoma®?¥,

In the present study, macular thickness parameters were
confirmed to be significantly lower in eyes with BA of the optic
nerve than in healthy control eyes” (Table 1). However, more
than evaluating the ability of Stratus-OCT measurements to
identify eyes with BA, we assessed the correlation between
such measurements and SAP-measured VFS loss in eyes with
temporal field defect and BA of the optic nerve by analyzing
macular thickness measurements in quadrants. These findings
support the structure-function correlation in patients with
chiasmal compression, as opposed to structure-function rela-
tionship using VFS loss and RNFL thickness estimates. The
rationale for expecting a better potential for structure-func-
tion relationship with macular parameters and VF sensitivity
loss when compared to the RNFL thickness measurements is
because of the anatomical disposition of the RNFL on the disc.
With the exception of the nasal area of the disc, all other
sectors receive retinal nerve fibers from both nasal and tem-
poral hemiretina. The result is a lack of specificity between VF
loss and optic disc sectors in patients with lesions of the optic
chiasm. For example, when a VF defect affecting the supero-
temporal quadrant is present, it results in RNFL loss in the
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nasal, temporal and inferior regions of the optic disc. Since the
inferior region of the optic disc also receives nerve fibers from
the unaffected nasal VF, there is presumably a lack of specifi-
city in the structure-function relationship. On the other hand,
with macular thickness measurements, a superotemporal VF
defect may be related to reduced macular thickness below
and nasally to the fovea, with direct correspondence to the
quadrantic VF defect.

Although the macula remained unsegmented in our study,
macular thickness measurements were found to be as capable
of discriminating eyes with BA of the optic nerve as RNFL
thickness measurements were in previous studies. Conside-
ring the fact that the radial scans used to obtain macular
thickness parameters were not ideally designed to evaluate
the macula in quadrants and that we did not use the SAP 10-2
test strategy (which would more closely match the area covered
by the 6-mm scans of the Stratus-OCT scanning protocol), our
results offer promising perspectives for macular thickness
measurements as a quantifier of neuronal loss in anterior visual
pathway diseases. More advanced scanners using Fourier-do-
main OCT are likely to make OCT macular scans even more
useful by obtaining thickness data in different quadrants. Our
study indicated a significant structure-function correlation
when assessed using the linear model evaluated by Pearson'’s
correlation coefficients, especially when VFS loss was expres-
sed in 1/L. These findings are similar to those of previous studies
on glaucoma®? and other neuro-ophthalmic conditions®®,

3/12/2010, 14:38



suggesting the existence of a possible linear correlation bet-
ween visual loss and axonal damage.

In our study, although all quadrantic measurements in BA
eyes differed significantly from normals, the best structure-
function correlation was found between the superonasal ma-
cular thickness and inferotemporal VFS, and not between
inferonasal thickness and the superotemporal VFS, the correla-
tion which was smaller than expected. One possible explanation
for this is that the VF defect was much more severe in the superior
temporal quadrant than in any other segment of the VF. Thus, in
the studied sample, the superior temporal VF quadrant was
significantly more affected than the inferior temporal VF qua-
drant (p<0.01, Student t test, Table 1). Previous studiest%3"
have demonstrated that the structure-function relationship
between RNFL thickness and VF sensitivity loss is weaker when
VF defects are greater than -10 dB and almost non-existent
when VF defects exceed -20 dB. We believe this may explain
why the correlation observed between inferonasal macular
thickness measurements and VFS loss in the superotemporal
quadrant is poorer than that between superonasal macular
thickness and VFS loss in the inferonasal quadrant.

CONCLUSION

In this study, Stratus-OCT macular thickness measurements
divided in quadrants correlated strongly with VFS loss in eyes
with temporal VF defect from chiasmal lesions. Although further
studies are necessary to confirm our data, our findings suggest
that macular thickness measurements may be useful for estima-
ting structure-function relationship in patients with band atro-
phy of the optic nerve from chiasmal compression.
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