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Abstract

Several analysis protocols have been tested to idiy early visual field losses in glaucoma pa-
tients using the mfVEP technique, some were succadsn detection of field defects, which were
comparable to the standard SAP visual field assesemt, and others were not very informative
and needed more adjustment and research work. In b study we implemented a novel analysis
approach and evaluated its validity and whether itcould be used effectively for early detection
of visual field defects in glaucoma. The purpose dhis study is to examine the benefit of adding
mfVEP hemifield Intersector analysis protocol to the standard HFA test when there is suspi-
cious glaucomatous visual field loss. 3 groups wetested in this study; normal controls (38
eyes), glaucoma patients (36 eyes) and glaucomaped patients (38 eyes). All subjects had a
two standard Humphrey visual field HFA test 24-2, ptical coherence tomography of the optic
nerve head, and a single mfVEP test undertaken inn@ session. Analysis of the mfVEP results
was done using the new analysis protocol; the Hergfd Sector Analysis HSA protocol. The reti-
nal nerve fibre (RNFL) thickness was recorded to idntify subjects with suspicious RNFL loss.
The hemifield Intersector analysis of mfVEP resultsshowed that signal to noise ratio (SNR) dif-
ference between superior and inferior hemifields wa statistically significant between the 3
groups (ANOVA p<0.001 with a 95% CI). The differene between superior and inferior hemi-
spheres in all subjects were all statistically sigficant in the glaucoma patient group 11/11 sec-
tors (t-test p<0.001), partially significant 5/11m glaucoma suspect group (i-test p<0.01) and no
statistical difference between most sectors in norah group (only 1/11 was significant) (t-test
p<0.9). Sensitivity and specificity of the HSA pratcol in detecting glaucoma was 97% and 86%
respectively, while for glaucoma suspect were 89%nd 79%. The use of SAP and mfVEP results
in subjects with suspicious glaucomatous visual 1 defects, identified by low RNFL thickness,
is beneficial in confirming early visual field defets. The new HSA protocol used in the mfVEP
testing can be used to detect glaucomatous visu&léfl defects in both glaucoma and glaucoma
suspect patient. Using this protocol in addition tdSAP analysis can provide information about
focal visual field differences across the horizontanidline, and confirm suspicious field defects.
Sensitivity and specificity of the mfVEP test showe very promising results and correlated with
other anatomical changes in glaucoma field loss. Ehintersector analysis protocol can detect
early field changes not detected by standard HFA st.
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Introduction

It has been well established that conventionalaftifeld
testing using SAP protocols are almost always arftied
by intra and inter-test variability [1].. Inter artra-test
variability, reliability, reproducibility and leaimg effect,
are major problems that constitute the final outeowf
subjectivity in current visual field testing protids. De-
spite its disadvantages, which could be clearly sed¢he
long test duration and variability, the HFA is ciesed
the gold standard method for visual field assessriren
clinical practice and glaucoma related clinicalsi[2].
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suggested that it is useful to diagnose and moitmu-
coma using this combination.

Subjects and Methods

This study was conducted at the ophthalmology digipa
clinic, Hamad Medical Corporation, Doha, Qatar.dgtu
subjects were selected from patients attendingoftte
thalmology outpatient clinics during the recruitrngre-
riod. All study subjects were screened by a fuk ex-
amination before enrolment by a glaucoma spegialist
including intraocular pressure, Gonioscopy, visa@lity
using Snellen chart, slit lamb assessment of tlerian

The Swedish Interactive Threshold Algorithm (SITA) segment, and retinal examination including the cpti

standard offers much shorter test times, but it@baity
is almost similar to that of the full-thresholdat&gy [3].
There has been always a need for more objectinité

methods used for visual field assessment as opposed

conventional subjective tests, which can reducaity
and improve reliability of these tests when usedhoni-
toring and diagnosis of glaucoma [4]. mfVEP is ddnhs
ered an objective method of visual field assessraerit
does not require any interactive response fronp#ient
to produce a topographic assessment of the viseldl f
mfVEP can provide objective visual field assessnagrd
good level of sensitivity and specificity [3,4]. Elsions
related to management are mainly depending ondbd g
sensitivity and specificity figure of the test, aitglability
to show consistent results over time. One repgptet-
lem that affects the ability of SAP tests to defespro-
gression of glaucomatous visual field defects &t the

nerve head (optic disc). Subjects were categorintd
three groups; glaucoma, glaucoma suspect, and horma
controls.

Selection criteria

Selection criteria for glaucoma and glaucoma suspac
tients followed the guidelines of the American Aeaty

of Ophthalmology Preferred Practice Pattern (AAGRPP
in the precise definition of glaucoma and glaucoma-
suspect patientd”. Normal subjects were recruited after
excluding any existing ocular pathology. Both gesde
were equally invited to participate in this stu®ubjects
suffering from visual field losses due to any pathy
other than glaucoma, significant retinal diseasth voir
without macular involvement, established neurolabic
deficits that affect visual cortex or visual patlysiaor
subjects with amblyopia were excluded from jointhgs

measurements become less repeatable as the dékasestudy. Subjects under the age of 16 were not itedréor

vances and defects increase in depth or size [B@®)-
ever, despite the improvements over the past twadtes,
the debate still presents about the reliabilityS#P in
general, and with the introduction of mfVEP, thestion
extended to include whether mfVEP as an objectst t
could offer more reliability figures, and thus irope the

this study; due to the high level of variabilitydapoor
reliability exist in SAP test for patients undereagf 16
[12].

THE MFVEP TEST

repeatability of visual field assessment. mfVEP hasl.he stimulus

shown in many studies [6-8] good level of repeatability

among normal subjects, and glaucoma patients, ant sh

and long reassessment intervals.

The use of functional visual field assessment tees lihe
gold standard method for detection of field scoterand
defects for decades. Clinically, it would be extedyn
helpful to have an agreement between two functiasal
sessment of the visual field, such as HFA or mfVHRe
combination between these tests can overcome thé sh
coming of each individual test such as poor réliigbor
the SAP learning curve. It was reported in manylist
that HFA correlates well with mfVEP test and addreno
information about the visual field [10}. was found that
the combined use of these two tools enhanced ftitity ab
to detect the glaucomatous visual field defects, tuey
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According to the guidelines of the Internationati®gty of
Clinical Electrophysiology of Vision (ISCEV§® there is
a standard requirement for the multifocal stimulige
fulfilled the required standards; using a CRT frafres
quency of 75 Hz, which has been used widely. Fol CR
displays, the luminance of the stimulus elementshin
light state was least 100 cd/m2. The luminancéefdis-
play in the dark state was low enough to achievera
trast (Michelson) of 90% using an m-sequence) and was
used to control the temporal sequence of changeckeat
the light and dark stages of each stimulus hexaBen.
cordings have been obtained with a dartboard patter
which is a standard option (Dart Board 58 with &att
segments) of the Roland Consult GmbH software, RETI
can (Brandenburg, Germany). A modified versionhas$ t
pattern has recently been introduced as part oHtmai-
field Sector Analysis protocol (HSA). The modifiat
Biomed Res- India 2013uvud 24 Issue 3
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was based upon the new idea of this research wori-t where any response above this value was considsrad
cord the signal to noise ratio (SNR) values of esetyr normal response. Kappa statistical analysis showed
ment (figure 2-A), then calculating the averageinmfi- good agreement between HFA and SNR.

vidual sectors that contains fixed number of segmes

shown in (figure 2-B). Each sector SNR value in one€Results

hemisphere is compared to its corresponding settihie

other hemisphere to calculate the difference betvibe A total of 60 subjects (112 eyes) were recruited an
two fellow sectors. Similar averaging and calcols  enrolled in this study; 20 subjects (38 eyes) nérma
were done in a hemi-ring group of segments arrangegroups, 20 subjects (38 eyes) glaucoma suspeds2@n

circumferentially around the central part as shdwwfig- _ subjects (36 eyes) glaucoma patients. All subjeatstwo
ure 2-C&D). SNR values from each two fellow hemi-ypa - SiTA standard 24-2 visual tests and a single

rings are compared to see if there is any stadistitfer-  f/Ep test. There was no signficant age or gender
ence between each couple of sectors / hemi-ring®eil®  yistripution difference detected among the 3 styahups

subject groups. The dartboard pattern was presemted (P = 0.673). The mean age for all study subjectsewe
monitor viewed at a distance of 30 cm; the diameténe 40 65 years.

display subtended 44.51 cm. There are 58 sectdtssn
display and each sector contains 16 checks, 8 Badk8  The hemifield sector analysis

side of fixation point with nasal extension wing top42°. between corresponding hemifields were tested for
Each participant has undertaken single mfVEP test a gjgnificance. Mean SNR value was 2.85 + 0.503 cfose
two HFA 24-2 SITA standard tests with one hour Bparang 5 hemi-rings on each hemifield were compared to
during their enrolment period. The concept of thalgsis  heir corresponding fellows on the opposite heruifie
protocol as described earlier is to compare andl€lithe  There was only one pair of sectors (1/6) found iignt,
mfVEP field in_to similar (equal) sectors and hemgs  5nd no hemi-rings (0/5) were found to be signifcdite
across the horizontal meridian, where a sectdreastipe- glaucoma suspect group of 20 glaucoma suspectfmtie
rior hemisphere compared to its corresponding Viello (38 eyes) were tested. The majority of patientQp/
sector in_the inferior her_nisp_here. The aIIocgtectase were diagnosed as glaucoma suspect based on high
and hemi-rings, shown in (figure 1), comprise ae@ix niraocular pressure recorded in multiple occasi@Big0)
number of segments. SNR value from each segment jg,q suspecious visual field results, (3/20) hagisigis
recorded; and an average is taken from all the 88BM qpiic disc appearance without established damage. T
allocated to any given sector, to give a sectora@@e® nter-sector/hemi-ring differences between coresing
SNR value. This sector SNR value is the one contp@re pemjfields were tested for significance. Mean SN

its corresponding sector across the horizontal di@@Tj a5 2.27 + 0.276. There were 4/6 sectors foundat@ h

and not the individual segments. Certain measurpéie stagistically signifcant SNR difference when congghto
rameters were recorded and calculated in this H®0p  thejr corresponding fellows, while 1/5 hemi-ringsasv

col in order to compare the 3 groups. The SNRev&lu  giatistically significant. The glaucoma group of 20
each sector / hemi-ring was compared to the car&sp  gaycoma patients (36 eyes) were tested. The ryajoii
ing fellow in the opposite hemlsphe_re gnd the diffee patients (14/20) had simple open angle glacuaoma
was calculated to check for any §|g_n|f|cant chabge (OAG), (3/20) had narrow angle glaucoma (NAG), and
tween corresponding sectors / hemi- rings. The SBNR  (1/20) had pseudoexfoliation glaucoma. Most of the
values and difference between sectors / hemi-nmgi®  natients (13/20) had asymmetrical glaucomatoud fiel
also compared to their similar identical ones ie B changes between eyes, the rest (7/20) had symaiteric
groups to check for any significant change betweemyjg to moderate field changes. only 3/36 eyes sitbw
groups. advnaced glaucomatous changes with symmtericafeseve
field loss across diline in both hemifield, all thest
All data obtained from the 3 study groups were areal  (33/36) showed clear differences between the two
using the new Hemifield Sector Analysis protocoBf).  corresponding hemifields.  The inter-sector/hemgri
Paired t-test was performed to check for statikticadifferences between corresponding hemifields were
significance for all sectors and hemi-rings. Oney wa tested for significance and showed that all sectors
ANOVA test was performed to check for statisticalhemi-rings were statistically signifcant when congobto
significance between groups. Agreement between HFAs coresponding fellows in the oposite hemifiekthe
and SNR was perfomed using Kappa statistics. RQC curesults show that the majority of patients had
off values for glaucoma and normal groups were used asymmetrical glaucomatous visual field defects betw
perform Kappa statistical agreement tests. SNRevafu the two eyes. The mean SNR value for glaucoma group
1.99 at a sensitivity level of 97% and specifidy86% was 1.70 *+ 0.412, which is low average responssedio
as detected by the ROC curve, was used as a ealoff;  noisy poor signal (SNR = 1.0)
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Figure 1. The 5 allocated hemi-rings and its correspondielpivs in both hemispheres (right). SR = superiemii
ring, IR = inferior hemi-ring. The allocated 6 secs and its corresponding fellows in both hemispkegieft). SS = su-
perior sector, IS = inferior sector.

Figure 2. Shows the 58 segments of the right visual fighe. field is divided into two identical hemifieldsrass hori-
zontal meridian; each segment has a similar coroesient in the opposite hemifield (A) SNR valualsutated in each
segment. The average SNR of wedge sectors (Bearidicular sector; peripheral and central (C,D)eacalculated to
compare its values to the fellow correspondingaeah the opposite hemifield.
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Components of the Hemifield sector / hemi-ring angkis printout

PO0r~rdir Amp.P1 Amp.N1  PeT.P1 PeT.N1

[uv] [1v] [ms] [ms]

0.189 0.007 93.1 50.0

0.152 0.014 100.0 67.6

0.137 0.092 119.6 82.4

0.166 0.124 1196 77.5

0.145 0.095 118.6 77.5

Grnsran

- 6 217 0.065 0.029 84.3 53.9

Nasal Area Temporal Area

Figure 3. analysis components; colour-coded averaged wanefdrom the sector or hemi-ring (A), sector / heinmi-
waveform numbers (B), avergae SNR value for eatorsehemi-ring (C), positive peak amplitude (Phsitive peak
latency (E), color-coded sectors for comparison @elour-coded hemi-rings for comparison (G).
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Role of HSA protocol in identifying normal recordings

f 30
Termoral Area
\/_ i
A58 258
181 T
-
42 3.00 Sz
: /
TSGDHV
SNR
Group [1 Amp.P1 Amp.N1  PeT.P1 PeT.N1
vl [1V] [ms] [ms=]
. S | 3.03 0.189 0.007 93.1 50.0
2 2.72 0.152 0.014 100.0 &67.6
- 3 3.31 0.137 0.092 119.6 82.4
- 4 3.56 0.166 0.124 119.6 77.5
- 5 2.61 0.145 0.095 118.6 77.5
- 6 2.17 0.065 0.029 84.3 53.9

Figure 4. mfVEP recordings with sector / hemi-ring an@ysompared to SITA standard 24-2 printout (gregtamd
pattern deviation plots) of a normal subject. Thgual field is within normal limits with no signéot reproducible
defects. The HSA analysis shows symmetrical SNiRsvaktween the two hemifields in sectors and hags-(bottom)
numbered from 1-6 in the waveform box. The twe telsbw identical results and good agreement. Tieeage SNR
values were high average normal, ranged betwe€ltY{2.56) in the entire visual field.
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Role of HSA protocol in identifying glaucomatous \sual field defects

EEERN
EEEEENR
EEERERNE:
EEEEREN ¥
EEEERREE N
EEENEENN
EEREEN
EENEN

GHT
Outside normal limits

MD -21.29dB P<0.5%
PSD 10.99dB P<0.5%

[

SHR
Group [] AmpP1  AmpMi  PeTP1  PeT.Mi
W W ms] [ms]

1 122 0187 0103 961 657

+2 132 0212 0068 119.6 67.6

+3 133 0125 0.050 101.0 784

4 130 07148 0056 961 66.7

+5 127 0203 0.139 116.7 63.7

+6 124 0197 0.119 111.8 87.3

7 144 0283 0125 1049 510

+8 134 0140 0.192 100.8 64.7 ]
it ISOOHV

Figure 5. shows an example of agreement between the Slihdastaresults and mfVEP sector analysis protocain
patient with advanced glaucomatous visual fieldedefThe visual field printout shows constrictegldfiwith only
central 5-7° island preserved. The HSA shows that corresponfiiid defects are identified on the printout asyv
poor (noisy) waveform configurations and responsgt) G5 SNR values (ranged between 1.22 and $kigyn in the
waveforms numbered from 1 to 8. This patient ditl stoow significant intersector SNR difference beeaall
corresponding sectors in both hemifields show sytnica#ly low SNR values. In these patients only $INR values and
its grade should give a good indication of glauctooa field defects without intersector comparison
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Benefit of combining SAP and HSA in suspicious visl field defects

Figure 6. shows a suspicious SITA standard 24-2 test vétitral cluster of high significance shown in thetpm

deviation plot and GHT “borderline”. The mfVEP imgector and hemi-ring analysis shows signiciant Stifference
between hemi-ring (SR3-IR3) and two sectors (S54:954,I1S5), indicating superior depression ofpmsses. The
combination of SITA and mfVEP intersector analgsis confirm a suspecious gluacomatous visual fieléct when it

cannot be confirmed by a SAP test alone
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Figure 7 shows a suspicious SITA standard 24-2 test wigersor central cluster of field defects shown i th
total and pattern deviation plots. The GHT was tit normal limits”. mfVEP intersector hemifield dgais
shows significant SNR difference between supewor gectors (SS4, SS5) and their corresponding onése
inferior hemifield (IS4, 1S5), indicating a posslduperior depression of responses. The combinafi@TA and
MfVEP intersector analysis can confirm a suspicigiusicomatous visual field defect when it cannotdefirmed
by a SAP test alone.
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Figure 8. shows a suspicious SITA standard 24-2 test fglaacoma suspect patient with scattered deep s@som
shown in total and pattern deviation plots. The GWds “borderline”. mfVEP intersecotr analysis shosignifcant
SNR difference between 3 superior sectors (SS1,S58) numbered on the waveform plot (2, 6, 4 otispdy) and
their corresponding fellows in the inferior hemidi€lS1, 1S5, 1S6) numbered (1, 5, 3 respectivielicating a possible
superior response depression in these sectorscdimbination of SITA and mfVEP intersector analisigery helpful

in these patients especially that SAP results ateconclusive and raising strong suspecion thatigtanatous visual
field defect exists

Discussion These figures are consistent with many previouslystu
suggested a role of mfVEP objective test in théyede-
The sensitivity and specificity of the hemifieldct®r  tection of glaucoma. The majority of studies idfging
analysis protocol of mfVEP test in detecting glaweo the role of the mfVEP in the detection of glaucoonat
suspects were in this study 89% and 79% respegtivelvisual field defects confirmed its ability to detel=fects
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that are not detected by SAP with good sensitigityl
specificity levels (76%-92%), which is a very godetec-
tion rate compared to the SAP results and its ditiwihs

ures focal defects precisely, the interpretationtfase
defects and how reliable it is could be answereddm-
paring the results of the two tests. These measanes

in the early stages of glaucoma. The sensitivityl ancomparable in that it assesses the same regiosdtiers

specificity of the hemifield sector analysis praibén

of the mfVEP display versus the SAP retinal sevigiti

detecting glaucomatous defects were 97% and 86%hap) of the visual field. However, the two measutes
respectively. These figures are supported by ptesvio not have a comparable ratio scales; there is reztdiela-

studies where the majority of studies identifyihg trole
of mfVEP in detection of glaucomatous visual figld-
fects confirmed its ability to detect already esigtdam-
age with high sensitivities ranging between (86%56%)

tionship between decibels and SNR values. In additi
they do not possess the same spatial resolutiothign
study the results of the two tests were evaluatduidctly

by comparing the two grading systems; the HFA \lisua

which is a very good detection rate when compaced ftfield grading system and a simple grading systerichvh

SAP and its limitations in the early stages of gtana
[13-16].

The role of mfVEP in the early detection of glauetous
visual field defects, and in confirming an unrel@bisual
field test is considered the main area of reces¢arch.

was created in this study categorizing SNR valn&s 5
levels, G1-G5 running between normal G1 and puigeno
(SNR < 1.0). In this study kappa analysis was used
agreement between the two tests using the gragsigm
of both tests. The agreement was 88.9% in identifyi
normal subjects and 77.8% in identifying glauconaa p

Recent evidence suggests that the mfVEP can haee cl tients. These findings are in agreement with previo

role in monitoring and detecting progression oluglama
based on good repeatability figures [15-17]. Whé&#P S
results are unreliable or inconclusive it reflecis the
management plan and the follow up visits. In thiglyg,
the hemifield sector analysis protocol was ablprtivide
interesting results in some patients with glauceomspect
diagnosis or patients with unreliable SAP resitgures
(4 & 5) are clear examples of how this protocol \ahte
to identify normal visual field and glaucomatousual
field accurately. All normal subjects were idemifi as
normal visual field using the HSA protocol. Figukés8)
show that focal depression detection in unrelighfeA
test can reflect glaucomatous visual field def&ghen
the test is combined with mfVEP, the SNR value eepr
sents the response of each sector or hemi-ringaafirm
the depression and the focal defect. Theoretidaltiie
response in consistently low or depressed thisldhmia
good indicator that there is a focal defect in thisation.
Modest visual field losses lead to very small mfVieP
sponses. Thus, the presence of a good SNR inditwtes
the visual field should be relatively good. Thissebva-
tion has an important clinical implication. Monoaul
field analysis measures focal defects precisely,itlter-
pretation of these defects and how reliable itasld be
answered by comparing the results of the two tdsts.

studies, where SAP and mfVEP results were comparabl
and showed similar repeatability figures [6-9,1%he
combined use of both tests; SAP and mfVEP in the-ca
gory of suspicious and unreliable patients canvaelidht

to the clinical status of the patient, especiallyew both
agree on outcome. Figures 6-8 show examples ofi-susp
cious visual field tests that do not match with tfigical
picture of the patient and still not strong enotgylestab-
lish a diagnosis. The hemifield sector analysis wes
formed for these patients and it showed significdet
pression of multiple sectors corresponding with $#&?
visual field test. These results when used in coatimn
can support each other and point to a possiblyundaser-
lying glaucomatous visual field defect that negératon
and modification of management plan. Clinically, it
would be extremely helpful to have an agreement be-
tween a functional assessment of the visual f&ldth as
HFA or mfVEP. The mfVEP was tested in combination
with a different structural test; the optical cadrae to-
mography measurements of the retinal nerve fibyerla
thickness in a study done by Moschos et al [203y th
tested two groups; normal controls and glaucomemigt
who underwent the two tests. They found that the-co
bined use of these two tools enhanced the ahilitjetect
the glaucomatous visual field defects, and theygssigd

SNR of monocular responses can be used in sitgatiothat it is useful to diagnose and monitor glaucamseg

where the clinician suspects that a large visdd filefect
is not “real”. In their results, Hood et al [18ave shown
that the presence of good SNR value almost alwagis i
cates that the visual field in this specific regismood as

this combination. In the early stages of glaucowiaere
selective types of ganglion cells are more affeciad
first to be lost, SAP assessment is insensitivaitoselec-
tive loss since the response of other types of lgang

well. But conversely, a small mfVEP response doas n cells mask a defect [7]. This is probably the twigen a

necessarily mean that there will be a visual fagdect or

mfVEP would be very helpful to confirm suspicious-v

that there is a confirmed glaucomatous damage is1 thual fields and add more credibility to the assesgnoé

location, despite a large response means that ithalv
field sensitivity should be reasonably good, andt lis
not, the SAP visual field should be questioned bsea

SAP. It has also been shown and proven that stalctu
losses usually precede functional defects in glanatous
damagé?®. This means that if a structural test shows some

repeatable and confirmed mfVEP response is morg-sensignificant losses in an unconfirmed or unreliaBlaP

tive than SAP test results. Monocular field analyseas-
Biomed Res- India 2013 Volume 24 Issue 3

test it is worth to take this seriously and closelgnitor
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these patients until sufficient evidence is avadafhe
high sensitivity of the mfVEP test can assist iasi sus-
picious cases and alert clinicians to modify thmian-

9.

agement plan and make monitoring more often, and to

add more functional and structural tests in thdimewis-
its.

Conclusion

10.

11.

The combined use of HFA and mfVEP hemifield sector

analysis protocol has shown good results in corirfigm
suspicious visual field defects. The use of bo#istean
add more information to the clinician, enabling ettér

management plan and close monitoring of suspedsed v

ual field losses. Longitudinal studies still neededssess
these patients over time to see if early predictibuisual
field defects detected by the combined use of HRA a
mfVEP tests was accurate or not.
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