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Statement for the Use of Animals in Ophthalmic and Vision Research.
The ethics committee of our institution approved all surgical interven-
tions and animal care procedures, which were in accordance with the
Guidelines and Policies for Animal Surgery provided by the Animal
Study Committees of the Central Institute for Experimental Animals of
Keio University. Animals received a single intraperitoneal injection of
0.15 mg LPS from Escherichia coli (Sigma-Aldrich, St. Louis, MO) in
0.15 mL phosphate-buffered saline (PBS).

Pretreatment with Telmisartan

Telmisartan was a gift of Boehringer Ingelheim, Ingelheim, Germany.
Animals were prctreatcd with 0.15-mL intraperitoneal injections of
vehicle (0.25% dlmethylsulfox:dc [DMSO] in PBS) or telmisartan daily
for 5 days until the injection of LPS. LPS was injecied immediately after
[hC fifth telmisartan injection. We dissolved the telmisartan in in 30
mM DMSO, dﬂutcd t0 60 uM with PBS and m]ected into mice at a dose
of 10 mg/kg body Wexght This dose was sufficient to block ATI-R
51gnahng to dccrcasc systemic blood pressure in rats.?® The effects of
telmisartan pretreatment on ocular inflammation were cvaluatcd 24
hours after LPS injection.

Lectin Labeling of Retinal Vasculature and
Adherent Leukocytes

The retina-adherent leukocytes were imaged by perfusion - labeling
with fluorescein-isothiocyanate (FITC)-coupled concanavalin A lectin
(con A; Vector, Burlingame, CA), as described previously.26 In mice
under deep anesthesia, the chest cavity was opened and a 27-gauge
cannula was introduced into the left ventricle. After injection of 2 mL
of PBS to remove erythrocytes and nonadherent lenkocytes, 2 mlL
FITC-conjugated con A lectin was: perfused. After the eyes were enu-
cleated, the retinas were flatmounted. The flatmounts were imaged
with an epifluorescence microscope (IX71; Olympus; Tokyo, Japan),
and the total number of con A-stained adherent leukocytes per retina
was determined.

Immuhohis_tpchemistry"for AT1-R

Immunohistochemical experiments were perforimed with the murine
eyes. For histopathologic evaluation, the specimen was fixed with 4%
paraformaldehyde (PFA) at 4°C immediately after removal and embed-
déd in paraffin. Three-mictometer paraffin sections were incubated
overnight at 4°C with a rabbit. polyclonal antibody against human
AT1-R (Santa Cruz Biotechnology, Santa Cruz, CA) at a 1:100 dilution.
After incubation, they were reacted for 30 minutes at room tempera-
ture with goat antibodies against rabbit immunoglobulins (igGs) con-
jugated to a peroxidase-labeled dextran polymer (En Vision+ rabbit;
Dako Corp., Carpinteria, CA). As a negative control for staining, the
first antibodies were replaced with. nonimmune rabbit IgGs (Dako).
Color was developed with DAB (3,3"'-diaminobenzidine tetrahydro-
chloride; 0.2 mg/mL; Dojindo Laboratories, Kumamoto, Japan) in 0.05
M Tris-HCl (pH 7.6) containing 0.003% hydrogen peroxide, and the
sections were counterstained with hematoxylin,

Aqueous Humor Analyses.

Aqueous humor was collected by anterior chamber puncture with a
30-gauge needle at 0, 6, 12, 24, and 48 hours after LPS injection in
vehiclesand telmisartan-treated EIU mice. Protein concentration was
determiried with a protein quantification kit (Dojindo Laboratories),
and absorbance was measured with a microplate reader (Bio-Rad Lab-
oratories, Hercules, CA). For evaluation of inflammatory cells in the
anterior chamber, 1 pL of aqueous-humor samples were dropped ona
poly1-lysine-coated slide (Sigma-Aldrich) and air dried, Slides were
processed with Wright's stain, and the total number of cells in each
drop was counted under a light microscope, as described previously.?”

RT-PCR Analyses

Total RNA was isolated from the retina and the iris- ciliary body
complex with extraction reagent (TRIzol; Invitrogen, Carlsbad, CA)
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and reverse-transcribed with a cDNA synthesis kit (First-Strand; Amer-
sham Biosciences, Inc., Piscataway, NJ) according to the manufactur-
er's protocols. PCR was performed with Tag DNA polymerase
(Toyobo, Tokyo, Japan) in a thermal controller (MiniCycler; MJ Re-
search, Watertown, MA). The primer sequences were as follows: 5.
ATG TGG CAC CAC ACC TTC TAC AAT GAG CTG CG-3' (sense) and
5'-CGT CAT ACT CCT GCT TGC TGA TCC ACA TCT GGC-3' (antisense;
837 bp) for B-actin; 5'-TCA CCT GCA TCA TCA TCT GG-3' (sense) and
5'-AGC TGG TAA GAA TGA TTA GG-3' (antisense; 204 bp) for mouse
AT1-R; 5-GTG TCG AGC TTT GGG ATG GTA-3' (sense) and 5-CTG
GGC TTG GAG ACT CAG TG-3' (antisense; 505 bp) for ICAM-1; 5'-TTC
CTC TCT GCA AGA GAC T-3' (sense) and 5'-TGT ATC TCT CTG AAG
GAC T-3' (antisense; 430 bp) for IL-6; 5'-AGC CCA CGT CGT AGC AAA
CCA CCA A-3' (sense) and 5'-ACA CCC ATT CCC TTC ACA GAG CAA
T-3' (antisense; 446 bp) for TNF-a; 5'-TGC ATG TGG CTG TGG ATG
TCA TCA A-3' (sense) and 5'-CAC TAA GAC AGA CCC GTC ATC TCC
A-3' (antisense; 449 bp) for COX-2; 5-TCA CGC TTG GGT CTIT GTT
CAC T-3' (sense) and 5'-TTG TCT CTG GGT CCT CIG GTC A-3'
(antisense; 472 bp) for iNOS; and 5'-ATC CCA ATG AGT AGG CTG
GAG AG-3' (sense) and 5'-CAG AAG TGC TTG AGG TGG TTG TG-3'
(antisense; 617 bp) for MCP-1.

Western Blot Analysis for AT1-R

The animals were killed with an overdose of anesthésia, and the eyes
were immediately enucleated. The retina and the iris-—ciﬁary body
complex were carefully isolated and placed into 200 ul of lysis buffer
(0.02 M HEPES, 10% glycerol, 10 mM Na,P,0;, 100 pM Na,VO,, 1%
Triton, 100 mM NaF, and 4 mM EDTA [pH 8.0]) supplemented with
protease inhibitors (2 mg/L aprotinin, 100 uM phenylmethylsulfonyl
fluoride, 10 pM leupeptin, and 2.5 uM pepstatin A) and sonicated. The
lysate was centrifuged at 15,000 rpm for 15 minutes at 4°C, and the
supernatants were collected and mixed with sample buffer. Each
sample containing 50 yg of total protein was then boﬂcd for 5 minutes,
separated by sodium dodccyl sulfate- polyacrylamxdc gel electrophiore-
sis SDS-PAGE and electroblottcd to polyvmylxdcne fluoride (PVDF)
membrane (Mﬂhporc Corp Bcdford MA). After nonspecific binding
was blocked with 5% bovine serum albumin, the membranes were
incubated with a rabbit anti-human ATI-R polyclonal annbody (1 100;
Santa Cruz Biotechnology) at room temiperatute for 1 hour, followed
by incubation’ with a horseradish- pcromdase-con]ugatcd goat anti-
body directed against rabbit IgGs (1: 5000; BloSource, Camanllo, CA).
The signals were visualized with an enhanced chemiluminescence kit
(ECL; Amersham Biosciences, Inc.) accordmg to the manufacturer’s
protocol.

Enzyme-Linked Immunosorbent Assay for ICAM-1

The animals were killed with an overdose of anesthesia, and the eyes
were immediately enucleated. The retina was carefully isolated and
placed into 200 ul of lysis buffer supplemented with protease inhib-
itors and sonicated. The lysate was centrifuged at 15,000 rpm for 15
minutes at 4°C, and the ICAM:1 level in the supernatant was deter-
mined with the mouse ICAM-1 kit (R&D Systems Inc., Minneapolis,
MN) according to the manufacturer’s protocol. The tissue sample
concentration was calculated from a standard curve and corrected for
protein concentration.

Morphometric and Statistical Analyses

Al results are expressed as the mean * SD. The number of leukocytes
in each flatmount was counted independently by two investigators
with the epifluorescence microscope. The data were processed for
statistical analyses (Mann-Whitney test). Differences were considered
to be statistically significant at P < 0.05.
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FIGURe 1. ATI-R tissue localization and induction in EIU. Immunohis-
tochemical staining (A-D), RT-PCR (E), and Western blot analysis (F,
G) of AT1-R expression in the retina and the iris- ciliary body complex.
Retinal sections from normal (A) and EIU (B) mice. Positive staining for
AT1-R on the inner retinal vessels (A, B, arrows). Sections of iris-
ciliary body complex from normal (C) and EIU (D) mice. Positive
staining for AT1-R on the nonpigmented epithelial cells of the ciliary
body (C, D, arrows). Scale bar, 100 um. AT1-R mRNA (E) and protein
(F, G) levels of the retina and iris-ciliary body in EIU mice were higher
than those in normal age-matched mice. The results represent the
mean * SD; n = 6. *P < 0.01, {P < 0.05, by Mann-Whitney test.

REesurts

AT1-R Tissue Localization and Upregulation
in EIU
Immunohistochemistry for AT1-R was performed to identify its

expression in the eyes in normal (Figs. 1A, 1C) and EIU (Figs.

1B, 1D) mice. AT1-R immunoreactivity was detected mainly on

the endothelial cells of inner retinal vessels (Figs. 1A, 1B) and .

nonpigmented epithelial cells of the ciliary body (Figs. 1C, 1D).
Retinas and iris-ciliary body complex were subjected to RT-
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PCR and Western blot analyses to detect the expression of
ATIR at mRNA (Fig. 1E) and protein (Figs. F, 1G) levels,

respectively. AT1-R mRNA and protein levels of the retina and
the iris-ciliary body complex in EIU mice were significantly-
higher than in normal, age- -matched animals.

Effects of Telmisartan on Retinal
- Leukocyte Adhesmn

The retina-adherent leukocytes were imaged by perfusion la-
beling with FITC-coupled con A. Leukocyte counts were eval-
uated in the posterior retind around thé optic disc (Figs. 2A-D),
the midperipheral retina near the equator of the globe (Figs.
2E-H), and the peripheral (anterior) retina next to the ora
serrata (Figs. 2I-L). Retina-adherent leukocytes, which were
few in normal mice (Figs. 2A, 2E, 2D, increased with induction
of EIU (Fxgs_ 2B, 2F, 2). Compared with vehicle-treated EIU
retina ('Fxgs 2C, 2G, 2K), telmisartan administration (Figs. 2D,
.2H, 2L) suppressed leukocyte adhesion in the EIU retina. The
total mumber of adherent leukocytes in nontreated EIU mice
(125.3. %= 30. 5) was s:gmﬁcant.ly ® < 0.01) higher than in
normal age- matched control animals (4.4 * 2.1). Telmisartan-
treated EIU mice showed a significant (P < 0.01) decrease in
leukocyte counts (to 62.5 = 12.0), compared with vehicle-
treated EIU mice (to 116.0 = + 20.1) or nontreated EIU mice (to
125. 3 + 30. 5) (Fig. 2M).

Effects of Telmisartan on Retmal
ICAM 1 Expression

Retmal ICAM-1 expression at mRNA and protein levels was
analyzed by RT-PCR (Fig. 3A) and ELISA (Fig. 3B), respectxvely
Retinal ICAM-1 mRNA expression in nontreated and vehicle-
- treated ETU mice was higher than in norial age- -matched con-
trol ‘animals. Systemic adrmmstrauon of telrmsartan substan-
tially reduced ICAM-1 mRNA expresswn (Fig.3A). ermlarly,
retinal ICAM-1 protein levels were significantly attenuated after
pretreatment with telmisartan (P < 0,05, Fig. 3B).

Effects of Telmisartan on Retinal Expression of
Inflammatory Mediators

To determine whether telmisartan affects inflammatory medi-
ators associated with the pathogenesis of EIU, we analyzed
retinal mRNA expression of IL-6, TNF-«, COX-2, iNOS, and
MCP-1 at 6 hours after LPS injection by RT-PCR (Fig. 4). Retinal
mRNA expressions of these agents in vehicle-treated EIU mice
were higher than in normal age-matched control mice. Sys-
temic administration of telmisartan substantially reduced ex-
pression of their mRNA.

Effects of Telmisartan on Anterior Chamber
Protein Leakage and Leukocyte Infiltration

Telmisartan pretreatment led to suppression of leukocyte ad-
hesion to the retinal vasculature in the posterior to anterior
(peripheral) region, showing its anti-inflammatory effects on
the posterior and intermediate segments of the globe. To
evaluate its anti-inflammatory effect on anterior uveitis, we
analyzed protein leakage and leukocyte infiltration into the
aqueous humor. Protein concentration and leukocyte counts in
the aqueous humor of the telmisartan-treated EIU mice were
compared with that in vehicle-treated EIU mice (Fig. 5). Telm-
isartantreated EIU mice showed a significant (P < 0.01) de-
crease in the cell counts at 12 and 24 hours after LPS injection,
compared with vehicle-treated EIU mice (Fig. 5A). Protein
concentration in the aqueous humor of the telmisartan-treated
EIU mice at 12 and 24 hours after LPS injection tended to be
lower than that of vehicle-treated EIU mice, but the difference
was not statistically significant (Fig. 5B).
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Discussion

The present study demonstrates for the first time that ATI-R
upregulation is associated with ocular inflammation in the
murine model of EIU and that the ATI-R signaling blockade
With telmisartan attenuates several inflammatory parameters
iiiclugiipg 1CAM-1-mediated leukocyte adhesion and infiltration
in EIU eyes.

Leukocyte adhesion to the vessel walls is an important
process in inflammation. When leukocytes are recruited to
“inflimmatory sites, adhesion molecules play essential roles in
the first phase of inflammation. ICAM-1 and its counter recep-
tor B2 (CD18)-integrins (i.e., LFA-1 and Mac-1) regulate the
leukocyte- endothelial interaction in the pathogenesis of
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FiGure 2. Effects of telmisartan on
retinal _inflammation. Flatmounted
retinas from normal mice (A, E, D,
nontreated FIU mice (B, F, J), vehi-
cle-treated- EIU mice (C, G, K), and
telmisartan-treated EIU mice (D, H,
L). Nontreated and vehicle-treated
EIU mice showing increased adher-
ent leukocytes (arrows) compared
with normal mice. The treatment
with telmisartan decreased the ad-
herent leukocytes. Scale bar, 100
pm. M) Quantification of adherent
retinal  leukocytes.  Telmisartan-
. treated EIU mice showed signifi-
cantly fewer adherent leukocytes
than did nontreated or vehicle-
treated mice. The results represent
the mean = SD; n = 15.*P < 0.01 by
Mann-Whitney test.

EIU.2~'° During the development of EIU, ICAM-1 is upregu-
lated and expressed on vascular endothelial cells of the iris-
ciliary body. shortly after LPS injection.® In addition, several
studies have demonstrated that treatment with anti-ICAM-1
antibodies significantly inhibits the development of EIU.”*® In
the present study, upregulation of retinal ICAM-1 in EIU was
suppressed after pretreatment with telmisartan. This finding is
supported by recent data from in vitro assays and in vivo
models on systemic hypertension and diabetes, showing that
AT1-R blockade attenuates ICAM-1 expression.’®?® Recently,
we have demonstrated that administration of telmisartan inhib-
its pathologic, but not physiological, retinal neovascularization
in a murine model of ischemic retinopathy, by prevention of
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FIGURE 3. Effects of telmisartan on retinal ICAM-1 expression. RT-PCR
(A) Retinal ICAM-1 mRNA expression in EIU mice treated with telmis-
artan was lower than that in nontf@:éfcd and vehicle-treated EIU mice.
Expression was very low in normal mice. (B) Retinal ICAM-1 protein
levels in nontreated or vehicletreated EIU mice were significantly
higher than in normal mice and were significantly suppressed by
treatment with telmisartan. The results représent the mean + SD; n =
6. tP < 0.05 by Mann-Whitney test.

Norm a' Treated

ICAM-1-mediated leukocyte involvement in pathologic neovas-
cularization.”® The present data on EIU as a model of ocular
inflammation more strictly confirm the anti-inflammatory ef-
fects of AT1-R blockade in the eye.

Besides ICAM-1, various chemical mediators are involved in
the pathogenesis of EIU. In the present study, telmisartan
treatment led to the suppression of EIU-induced cytokines
including IL-6, TNF-a, COX-2, iNOS, and MCP-1. This result is
compatible with those reported previously>®3! demonstrating
the inhibitory effects of AT1-R blockers on these inflammatory
cytokines stimulated by LPS in other organs. The proinflamma-
tory effects of angiotensin II are attributable to its induction of
these inflammation-related molecules, most of which are
downstream products of nuclear factor (NF)-«B, a transcription
factor that promotes the gene expression of various inflamma-
tory cytokines.>? LPS-induced inflammation is mediated by the
activation of NF-«B.*>? Indeed, ocular inflammation is sup-
pressed by administration of an NF-«B inhibitor in EIU.3? Taken
together, the evidence shows that the anti-inflammatory effects
of AT1-R blockers most likely result from suppressed gene
expression of NF-kB-induced molecules. These previous find-
ings, in accordance with our data, suggest that telmisartan
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affects not only ICAM-1-mediated leukocyte adhesion but also
various inflammatory processes. "

In the present study, although anterior-chamber cell infil-
tration was substantially suppressed by telmisartan, little or no
significant change was detected in protein leakage. A similar
discrepancy between cell infiltration and protein leakage was
also noted in several EIU studies by using neutralizing antibod-
ies against ICAM-1, E-selectin,>® P-selectin,®® LFA-1,°'® and
I1-10.>* Considering that prostaglandin E2, an inflammatory
mediator in addition to the adhesion molecules, is operative in
protein leakage® and that combined inhibition of both L- and
P-selectin suppresses protein leakage,*>* the cell-protein dis-
crepancy observed in the present and previous studies is most
likely attributable to differential mechanisms controlling the
multiple inflammatory phases.

Recent reports have revealed that the renin-angiotensin
system plays central roles in pathologic vascular conditions
including inflammation, angiogenesis, and vascular remodel-
ing.'>?® The renin-angiotensin system has been shown to
exist locally in various organs and to promote inflammation-
related pathogenesis in atherosclerosis,>” cerebral infarction,>®
and pancreatitis.*® AT1-R blockers other than telmisartan are
also reported to be anti-inflammatory.>”-3® These recent find-
ings suggest the possibility of AT1-R blockade as a therapeutic
strategy for these disorders characterized by inflammation. In
atherosclerosis, in which angiotensin II promotes the infiltra-
tion of monocytes and T lymphocytes, AT1-R blockade with
irbesartan suppresses the expression of MCP-1 and subsequent
macrophage infiltration.?” In spontaneously hypertensive rats,

EIU

Normal

Vehicle Telmisartan

B-actin

FiGURE 4. Effects of telmisartan on retinal expression of inflamma-
tory mediators. Retinal mRNA expression of IL-6, TNF-¢, COX-2,
iNOS, and MCP-1 in vehicle-treated EIU mice was higher than in
normal, age-matched mice and was suppressed by the administra-
tion of telmisartan.
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FIGURE 5. Effects of telmisartan on anterior uveitis. (A) The number
of cells in aqueous humor 12 and 24 hours after LPS injection was
markedly reduced by treatment with telmisartan. (B) The protein
concentration in aqueous humor was not significantly suppressed by
the treatment with telmisartan. (4) Vehicle-treated and (O) telmisar-
tan-treated mice. The results represent the mean = SD; n = 15. *P <
'0.01 by Mann- Wlutney test.

which are vulnerable to brain ischemia, AT1-R blockade with
é_ desartan suppresses ICAM-1-dependent leukocyte adhesion
to the cerebral vessels, protect.mg against brain ischemia.?® In
acute: pancreatitis, AT1-R blockade with losartan suppresses
the productron of reactive oxygen species by NADPH oxidase
and reduces the sevefity of mﬂammatron 3% In addition, an
angrotensm—convertmg enzyme inhibitor, widely used as an
anti-hypertensive. drug, is also reported to suppress vascular
inflammation.® In the eye, localization of the renin- angioten-
sin system has been demonstrated without elucidation of its
function,***? except the possibility of an intraocular pressure
modulator.*? In the present study, AT1-R mRNA and protein
expression. is shown to be upregulated during the develop-
ment of EIU. Further, ATIR blockade suppressed ICAM-1-
mediated leukocyte adhesron and infiltration. These results, in
accordance with the previous data on inflammation in other
organs, suggest the mvolvement of the renin-angiotensin sys-
tém in ocular mﬂammatwn

' Currently, ocular inflammation such as chronic endogenous
uvems is treated mainly with topical and/or systemic applica-
tlon of Corncostermds During the long-term treatment with
¢ rucosterords however care must be taken to guard against
both' ocular and’ systenuc complrcatrons including cataract,
glaucoma dmbetes hypertension, and osteoporosis. Clinically,
AT-1R aritagonists are widely and safely used in hypertensive
patients. ‘Combined with corticosteroid therapy, the antiin-
flammatory effects of AT1-R blockade may benefit patients
with chronic uveitis to decrease the rate and degree of the
corticosteroid-induced complications. The present study is the
first to indicate the potential use of AT1-R antagonists as a
novel therapeutic strategy to suppress ocular inflammation.
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Discordance Between Subjective Perimetric
Visual Fields and Objective Multifocal Visual
Evoked Potential-Determined Visual Fields in

Patients With Hemianopsia

B
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KEN WATANABE, MD, KEI SHINODA, MD, ITARU KIMURA, MD,
YUKIHIKO MASHIMA, MD, YOSHIHISA OGUCHI, MD, AND HISAO OHDE, MD

® PURPOSE: To investigate the concordance between
subjectively and objectively acquired visual fields in
patients with subjectively determined hemianopsia.

® DESIGN: Retrospective observational study.

® METHODS: Ten patients, six men and four women,
ranging in age from 28 to 68 vyears, were studied.
Goldmann or Humphrey perimeters were used to obtain
the subjectively determined visual fields for up to 25
degrees of eccentricity, and the VERIS Scientific System
(Electro-Diagnostic Imaging, San Francisco, California,
USA) was used to record multifocal visual evoked
potential [VEPs] (mfVEPs) to obtain the objective visual
fields. Each of the 60 black-and-white segments of the
checkerboard stimulus was alternated according to a
binary m sequence. The first slices of the second-order
kernels were extracted and analyzed.

® RESULTS: In five cases, the visual field loci where the
mfVEPs were within normal limits corresponded to the
scotomatous areas obtained by conventional perimetry.
In these discordant cases, the lesions (e.g., arteriovenous
malformation) were located in the occipital lobe. Two of
these cases had a complete recovery of the subjective
visual field. The lesions of the concordant cases were
located outside the occipital lobe (e.g., pituitary ade-
noma). In these cases, no visual field improvement was
seen. The temporal crescent syndrome was ruled out in
patients with posterior lesions by computed tomography
(CT) or magnetic resonance imaging (MRI) findings.
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¢ CONCLUSIONS: In some patients with occipital lesions,
the subjective and objective visual field results are dis-
cordant, and some of them will show a recovery of the
visual field deficits. (Am ] Ophthalmol 2007;143:
295-304. © 2007 by Elsevier Inc. All rights reserved.)

Humphrey perimeters have been the gold standards

for the evaluation of optic nerve diseases and patho-
logic changes in the visual pathways. These tests are used
routinely, but, unfortunately, they are subjective tests. Several
methods have been used to try to determine the visual fields
objectively; for example, conventional flash and pattern
visual-evoked potentials (VEPs),!-5 vector VEDs,6 pupillogra-
phy,” scalp topography of VEPs,8 positron emission tompgra-
phy,® multifocal VEPs (mfVEPs),10-1° and functional
magnetic resonance imaging (MRI).20-22 However, none of
these techniques is used routinely on patients.

The topographic map of the amplitudes of the mfVEPs has
been reported to show good agreement or concordance with
the results of conventional visual field tests if occipital bipolar
electrodes are used.'6 Thus mfVEPs have been used on
patients with glaucoma to evaluate the functional glaucoma-
tous loss objectively.1923.24 In addition, the mfVEPs, summed
within the four quadrants, have been used as an objective
evaluator of the visual fields in patients with visual field
loss.1617.19.23.24 However, we have found that the alterations
of the topographic map of the mfVEPs are not always in good
concordance with the subjectively determined visual fields in
some cases with hemianopic field defects.

The purpose of this study was to determine whether the
subjectively obtained visual fields and the objectively
obtained visual fields were concordant in patients with
hemianopsia. In addition, we examined whether the dis-
cordance of the subjective and objective visual fields was
related to the location of the lesion giving rise to the
hemianopsia.

VISUAL FIELDS OBTAINED BY THE GOLDMANN AND
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TABLE 1. Demographics and Summary of the Findings of mfVEP and Diagnosis of the Patients .

Patient No Age Gender Visual Field Loss Diagnosis miVEPs (Concordance or Not)
1 51 F Btemp. h. © O Pituitary adenoma Yes
2 49 M Btemp. h. ® & Pituitary adenoma Yes
3 38 F Rt. homo.h. @ @  Skull base meningioma " Yes
4 60 F Lt. homo.h. © © Brain meta (rt. parieto-occipital) Yes
5 49 M Lt. homo.h. © © Craniopharyngioma Yes
6 46 M Rt. homo.h. @ @ Meningioma (it. occipital) No
7 28 M Lt.homo.h. © © AVM postoperatively (rt. occipital) No
8 68 M Lt. homo.h. © © Glioma (rt. occipital) No
9 35 M Rt. homo.h. @ @ Cavernous hemangioma (it. occipital) No

10 30 F Lt. homo.h. © © Subarachnoid hemorrhage postoperatively (rt. occipital) No

miVEP = multifocal visual evoked potentials; M = male; F = female; btemp. h = bitemporal hemianopsia; rt. homo. h = right homonymous

hemianopsia; it. = left; AVM = arteriovenous malformation.

Concordance or not: “yes” means that no mfVEP response was observed at the area of visual field deficit. “no” means that mfVEP response

was observed at the area of visual field deficit.

METHODS

® SUBJECTS: All of the research procedures conformed to
the guidelines of the Declaration of Helsinki, and an in-
formed consent was obtained from all subjects after an
explanation of the purpose and the procedures to be used in
the experiments. The mfVEPs were recorded from 10 con-
secutive patients who had hemianopsia, either a complete
hemianopsia or quadrantanopsia, which was documented by
conventional perimetry. The examinations were performed
between January 1999 and February 2004 at the Keio Uni-
versity Hospital. The patients consisted of six men and four
women whose ages ranged from 28 to 68 years with a mean of
454 = 12.8 vears (* standard deviation [SD]; Table 1).
Three of the patients had a right and five patients had a left
homonymous hemianopsia. The two remaining patients had
bitemporal hemianopsia. All patients had evidence of dam-
age to the visual pathway by computed tomography (CT)
or magnetic resonance imaging (MRI), or both, which
could accounted for the visual field deficits. The causes of
the visual impairment were brain tumors, cerebral infarc-
tions, or postneurosurgery for either arteriovenous malfor-
mation or subarachnoid hemorrhage. The temporal
crescent syndrome was ruled out in patients with posterior
lesions by CT or MRI findings.

All patients had a routine ophthalmologic examination
including slit-lamp biomicroscopy, ophthalmoscopy, and at-
tenuation tonometry. All patients had a corrected visual
acuity of 20/20 or better and a refractive error of less than
—5.25 diopters in both eyes. There was no history of oph-
thalmologic abnormalities such as glaucoma or diabetic reti-
nopathy that could affect the visual function especially the
visual fields. The perimetric examinations and mfVEPs re-
cordings were carried out during the same period. Normative
data were collected from 10 healthy eyes except for refractive
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error, although the age did not match the patients (age range,
27 to 65; 35.6 = 11.6).

Because the SDs of the amplitudes of the multifocal
electroretinograms (mfERGs) were relatively large (see Sup-
plemental Table 1 available at AJO.com) in normal subjects,
the ratio of the amplitudes or implicit times from horizontally
adjacent quadrants was calculated. For example, the ratio of
the amplitude of the summed response from superior nasal
quadrant was compared with that from the superior temporal
quadrant, the SN/ST ratio. The ratios of the amplitudes of
the mfVEPs in the inferior nasal to inferior temporal ratio
(IN/IT) were calculated in the same way. The SN/ST and
IN/IT ratios of the implicit times were also calculated for R1
and R2. It was reported,162425 and confirmed here, that the
general shape of the summed responses of the temporal and
nasal visual fields are very similar, whereas those of the
superior and inferior visual fields differed in phase and
amplitude in normal subjects.

¢ STIMULUS FOR MFVEPS: The stimulus was similar to that
used in Klistner protocol, with a dartboard pattern consisting
of 61 sectors that was created on a computer monitor (17
inch, high-resolution display, stimulation rate 75 Hz; Nanao,
Ishikawa, Japan).!> Each check was either white or black with
a 92% contrast (white = 160 cd/m?; black = 7 cd/m?), and
the luminance alternated pseudorandomly at 75 frames per
second. The m binary sequence was repeated two times.16
The individual kernels of the responses were determined
by cross-correlating the digitized output signal with the
binary input sequences using a fast Walsh transform. As
shown in the Supplemental Figures 1 and 2 (available at
AJO.com), the size of each segment was cortically scaled
with eccentricity to stimulate approximately equal areas of
cortical (striate) surface.!51826-29 The overall stimulus
subtended approximately 25 degrees at the eye.
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25 degrees

200 ms

FIGURE 1. Stimulus for multifocal visual-evoked potentials. (Left) Stimulus was a dartboard pattern consisting of 61 sectors.
(Right) Individual second-order kernels of the multifocal visual evoked potentials (mfVEPs) are plotted retinotopically in the lower
half. The sums of the responses in each of the four quadrants are plotted in the sectors in the upper half except for the response

from the very central sector.16

" “TABLE 2. The Ratio of the mfVEPs Parameters in All the Patients . -

Amplitude R1 Latency R2 Latency
Gonventional  Visual Field Left Eye Right Eye Left Eye Right Eye Left Eye Right Eye
Case Left Eve Right Eye  SN/ST  INAT  SN/ST  INAT  SN/ST INAT SN/ST INAIT SN/ST INAT SN/ST INAIT
Ve % Yo Vo Ve Yo Ve e e Y% T U
No.1 0 o 2 R e T —
No.2 C C) —_ 1 829 — 1:652 — 0.989 — 0.956 — 1.074 — 0.945
No.4 © © — — —_ — — — o — — — — —
No.5 © © — — —. — —_ _— -_ — — —_ —_ —_
No.6 ¢ ¢ 0.618 1.792 1.630 0.485 1.244 1.000 0.939 1449 H 0.855 0.945 0.875L 1.479H
No.7 © © 1.750 0.821 0.604 1.400 1.000 0.868 L 1.211 1.024 1.171H 0914 1.325H 1.268H
NO.‘8 L) L)) 1130 0.612 0.374 1.782 0.977 0.878L 0.951 1.084 1.038 0.863L 1.000 1.135H
No.9 G @ 0.731 1}.771 1.226 0.868 1.067 1.325H 1.524H 1.439H 1.044 1.549H 1171 H 1.009
No.10 © O 0.980 1.786 0.803 0.462 0.988 0.976 1.000 1.000 0.975 1.102 0.911L 1.027

P1 amphtude = amphtude of the flrst posmve component around 100 ms after stlmulatlon R1 latency =

time interval between the ,'

stxmulatlon and ﬂrst negatlve component around 75 ms after stlmulation, R2 latency = tlme interval between the stimulation and first posmve

component around 100 ms atter sttmulatton SN = supenor nasal; ST = supealtemporal IN =

:nfenomasal IT = inferiortemporal.

The ratio of each miVEPs parameters in the normai control subjects are shown in the Supplemental Table.
The mean = 2* SD were defined as cut-off vaiues. When the patlent s ratio of any mfVEPs parameter was out of this range, it is indicated

with H or L in this Table. H = the value is higher than the cut-off value; L =

the value i$ lower than the cut-off value; — = the ratio could not

be calculated because the response from the quadrant of conventional visual field defect was noise level.

To tule out cross-talk, half of the dartboard stimulus
field was covered and the mfVEPs were recorded as usual.
The mfVEPs usually elicited from the covered loci were
completely flat.30

¢ RECORDING MFVEPS: Patients were preadapted to stan-
dard room lighting, and all recordings were performed under

VoL. 143, No. 2

MULTIFOCAL VEP IN HEMIANOPSIA

dim room lights. The pupils were fully dilated with 0.5%
tropicamide and 0.5% phenylephrine hydrochloride. A small
red fixation light was present in the center of the stimulus
display, and the subjects were instructed to fixate on the red
light and to try not to blink. The subjects wore their best
refractive correction, and all recordings were monocular. One
of the recording electrodes was placed 2.0 cm inferior to
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FIGURE 2. Findings in a 46-year-old man (Case 6) with right homonymous hemianopsia due to a meningioma extending from the
left parietal lobe to the occipital lobe. (Top) Goldmann perimetric fields showing a left homonymous hemianopsia. (Middle) The
multifocal visual evoked potentials (mnfVEPs) are presented so that the average waveforms are seen in each of the quadrants where
each waveform originates. The mfVEPs are not extinguished in the temporal fields of the right eye and the nasal fields of the left
eye. (Bottom) An axial plane (left) and sagittal plane (right) of the magnetic resonance imaging (MRI) scan show a meningioma
extending from the left parietal lobe to occipital lobe. Most of the lesion was primarily outside of primary visual cortex and in a more

distal area.

(negative electrode) and the other 2.0 cm superior to (posi-
tive electrode) the inion.}31632 The ground electrode was
placed on the earlobe.

The mfVEPs were recorded with the VERIS II system
(Tomey Co, Nagoya, Japan). Signals were amplified 50,000
times and bandpass filtered from 0.5 to 100 Hz. The
sampling rate was 75 Hz, and the m-15 binary stimulation
sequence was divided into 32 slightly overlapping seg-
ments. Each run was divided into eight equal segments
with a total recording time of about seven minutes.

o ANALYSES: All of the mfERG data were analyzed using
VERIS Science 3.01 software (Tomey Co, Nagoya, Japan).16
The first slice of the second-order kemnel was extracted and

298 AMERICAN JOURNAL OF OPHTHALMOLOGY

the 60 responses (omitting the central response) were divided
into four quadrants and summed. Each mfVEP consisted of
the R1 and R2 components that probably correspond to the
N70 and P100 components of conventional VEPs (Figure 1).
The implicit times and amplitudes (R2 peak — R1 peak) of
R1 and R2 were calculated.

If the response of the mfVEPs was reduced in the area
where an absolute scotoma was detected by conventional
visual field testing, this case was considered to have a
concordance between the subjective and objective visual
fields. To judge whether the amplitude from the quadrant
was normal, we used a criterion of <2 SDs from the same

region in normal subjects (see Supplemental Table 2
available at AJO.com).

FEBRUARY 2007



PR

FIGURE 3. Findings in a 28-year-old man (Case 7) who underwent neurosurgery for an arteriovenous malformation in the right
occipital Iobe. (Top) Goldmann visual fields showing a left homonymous hemianopsia. (Second row) The multifocal visual evoked
potentials (mfVEPs) are presented so that the average waveforms are seen in each of the quadrants where in the visual field each
waveform originates. The mfVEPs were not extinguished in the temporal fields of the left eye and the nasal fields of the right evye.
(Third row, left) Computed tomographic (CT) image showing an arteriovenous malformation in the right occipital lobe. (Third row,
right) CT image showing a low-density area indicating postoperative edema in the right occipital region. {Bottom) Goldmann
perimetric fields showing complete recovery of visual fields three months later.

RESULTS

THE SHAPES OF THE SUMMED MFVEPS IN THE UPPER
visual field were approximately a mirror image of those in
the lower field in normal subjects. This was also true for
the mfVEPs elicited from the nonaffected quadrants of the
patients.!6 The ratio of the mfVEPs parameters in all the

VoL. 143, NO. 2

patients are shown in Table 1. In some cases, the ratio
could not be calculated because the mfVEP was at noise
level.

A summary of our findings in the 10 cases is presented
in Table 2. Five of 10 patients showed good concor-
dance between the subjective and the objective visual

fields. Thus the amplitudes of the mfVEPs were within
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FIGURE 4. Findings in a‘ 68—year—old—man (Case 8) who complained of visual loss in his left field and was found to have a glioma

int the right occipital lobe. (Top) Goldmann perimetric fields showing a left homonymous hemianopsia. (Middle) The multifocal
visual-evoked potentials (mfVEPs) are presented so that the average waveforms are seen in each of the quadrants where in the visual
field each waveform originates. The mfVEPs have relatively good responses in the temporal fields of the left eye and the nasal fields
of the right eye. (Bottom) An axial plane (left) and sagittal plane (right) of the magnetic resonance imaging (MRI) scan revealed
a mass about 5 X 5 cm in the right occipital lobe, which was diagnosed as a glioma. Most of the lesion was primarily outside the

primary visual cortex and in more distal areas.

.

normal limits in each quadrant in which the visual field
was normal by conventional perimetry, and either the
amplitude was reduced or the implicit time was delayed
in the quadrants corresponding to the visual field deficits
detected by perimetry. The visual field defects in these
cases were due to a brain lesion outside the occipital
cortex.

In contrast, the results of conventional perimetry and
mfVEP topographic analysis in the other five cases were
discordant. In these five patients, normal or only slightly
reduced mfVEPs were recorded in the quadrants from
which a subjective visual field deficit was detected. Inter-
estingly in these cases, the site of the lesion was found in
the occipital cortex in all five patients. Two of these cases

300 AMERICAN JOURNAL OF OPHTHALMOLOGY

(Cases 7 and 10) had a complete recovery of their visual
field after the cause of the brain lesion was treated or in
remission. In the five cases (Cases 1 through 5) in which
the results from mfVEP were concordant with the subjec-
tive visual fields, there was no recovery of the visual fields
determined by conventional perimetry.

® CASE 6: A 46-year-old man with a right homonymous
hemianopsia from a meningioma. The ratios of the ampli-
tude of the mfVEPs for SN/ST and IN/IT in the right eye
were 0.618 and 1.792, respectively, whereas the normal
ranges (mean * 2 SD) were 0.311 to 1.763 and 0.155 to
1.85, respectively (Figure 2, Table 2). The ratios for SN/ST
and IN/IT in the left eye were 1.630 and 0.485, respec-
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FIGURE 5. Findings in a 30-year-old-woman (Case 10) who underwent neurosurgery for subarachnoidal hemorrhage in the right
occipital lobe resulting from an aneurysm of the posterior communicating artery. She complained of a visual field loss in the left field
two months after surgery. (Top) Goldmann perimetric fields showing a left homonymous hemianopsia. (Second row) The multifocal
visual evoked potentials (mfVEPs) are presented so that the average waveforms are seen in each of the quadrants where in the visual
field each waveform originates. The mfVEPs demonstrated good responses in the nasal superior field of both eyes. (Third row)
Three months later, the Goldmann fields demonstrate a complete recovery of the visual field. (Bottom right) An axial plane (left)
and sagittal plane (right) of the magnetic resonance imaging (MRI) scan revealed neither particular edema nor infarction.

tively. All of these ratios were within the normal limits,
suggesting that the mfVEPs were not altered in the
temporal fields of the right eye and the nasal fields of the
left eye. Therefore, his subjectively and objectively deter-
mined visual fields were discordant (Figure 2). His cor-

rected visual acuity was 20/20 in both eyes, and Goldmann
perimetry showed a right homonymous hemianopsia with
foveal sparing. An MRI scan demonstrated a mass extend-
ing from the left parietal lobe to the occipital lobe, which
was diagnosed as a meningioma.
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® CASE 7: A 28-year-old man underwent surgery for an
arteriovenous malformation in the right occipital lobe, and
had homonymous hemianopsia postoperatively (Figure 3).
The neurosurgeon referred the patient, to our department
for visual field examination. Examination revealed a cor-
rected visual acuity of 20/20 in each eye, and Goldmann
perimetry demonstrated a left homonymous hemianopsia.
The ratios of the amplitudes of the mfVEPs for SN/ST and
IN/IT in the right eye were 1.750 and 0.821, respectively
(Table 2). The ratios for the left eye were 0.604 and 1.400,
respectively (Table 2). All of the ratios were within the
normal limits, suggesting that the mfVEPs were not altered
the temporal fields of the left eye and the nasal fields of the
right eye (i.e., a discordance).

Preoperative CT scan showed a nidus of about 2 X 2 cm
on the right occipital lobe. CT scans seven days after the
operation showed a low-density area that appeared to be
postoperative edema. Goldmann perimetry showed a com-
plete recovery of the visual fields three months after the
operation.

® CASE 8: A 68-year-old man who had left homonymous
hemianopsia from a glioma. The ratios of the amplitudes of
the mfVEPs for SN/ST and IN/IT in the right eye were
1.130 and 0.612, respectively (Figure 4, Table 2). The
same ratios for the left eye were 0.374 and 1.732, respec-
tively. The ratios of the mfVEPs were within normal limits
in the temporal field of the left eye and the nasal field of
the right eye. His corrected visual acuity was 20/20 in each
eye, and Goldmann perimetry showed a left homonymous
hemianopsia. Therefore, his subjectively and objectively
determined visual fields were concordant (Figure 4). An
MRI scan revealed a mass about 5 X 5 cm in the right
occipital lobe, which was diagnosed as a glioma.

e CASE 10: A 30-year-old woman who complained of a
visual loss in the left field two months after neurosurgery
for a subarachnoidal hemorrhage in the right occipital lobe
resulting from an aneurysm in the posterior communicat-
ing artery. The neurosurgery caused a stenosis of the
posterior cerebral artery. The ratios of the amplitudes of
the mfVEPs for SN/ST and IN/IT in the right eye were
0.980 and 1.786, respectively. These findings indicate that
the mfVEPs were not altered in the right eye even in the
superior nasal visual field (Figure 5, Table 2). The ratios of
the amplitude in the left eye were 0.803 and 0.461,
respectively. The Goldmann visual field of the left eye
showed reduced sensitivities in all the quadrants. The
mfVEP amplitude for each quadrant was normal. She had
a left homonymous hemianopsia with reduced sensitivities
in the left eye postoperatively that showed discordance in
both eyes (Figure 5). Her corrected visual acuity was 20/20
in each eye. Goldmann perimeter showed a left homony-
mous hemianopsia and concentric visual field deficit in the
left eye. An MRI scan revealed neither edema nor infarc-
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tion. Five months later, Goldmann perimetry demon-
strated a complete recovery of the visual fields.

DISCUSSION

WE HAVE EVALUATED THE MFVEPS RECORDED WITH BI-
polar occipital electrodes that straddled the inion and
were elicited by a pseudorandom binary m sequence.1®
Our earlier results with the same stimulus and recording
protocols showed that the summed mfVEPs in the four
quadrants were highly concordant with the results of
conventional subjective perimetry. Therefore, we con-
cluded that this technique can be used to assess the visual
field defects objectively in patients with diseases in the
visual pathway.

However, as the number of such patients increased, we
encountered some cases in which the mfVEPs were less
impaired or even within normal limits in spite of visual
field defects detected by conventional perimetry. We
found that these discordant cases always had a lesion in the
occipital area. However, the patients with homonymous
hemianopsia from an occipital lesion did not always show
such disagreement between subjective and objective visual
fields. '

The origin of human visual evoked potentials has been
extensively investigated, and the evidence suggest that
they originate from some part of the striate cortex or
calcarine fissure.14152632-34 Although the exact origin of
the mfVEPs is still undetermined, they are believed to be
mainly derived from area V1 of the striate cortex.3>-38
Therefore, mfVEPs and subjective visual field should be
impaired from pathologic lesions in this area. If any part of
the visual pathway before V1 is involved, the mfVEP

‘recorded should be abnormal in the quadrants correspond-

ing to the visual field defects, as seen in cases 1 and 2 in
which chiasmal lesion led to bitemporal hemianopsia. In
case 3, with a meningioma at the base of the skull, the
mfVEPs were reduced in agreement with the homonymous
left hemianopsia detected by Goldmann perimetry. This
concordance can be reasonably explained by the postchi-

“asmal damage of the visual pathway before V1.

However, localized damage of higher visual centers (e.g.,
V2/V3) can cause visual field defects when determined by
perimetry but not by mfVEPs. We suggest that the discor-
dance between the subjectively and objectively deter-
mined visual fields observed in the five cases was because
the lesion was in the post-striate cortex. In the two cases
(Cases 7 and 10) that had significant improvements of the
visual field after a resolution of the brain lesion, we suggest
that the postsurgical edema (Case 7) was the cause of the
early visual field defect.

Klistner and associates recorded normal mfVEPs in
patients with quadrantanopia that were consistent with
an extrastriate lesion that was very congruous, complete,
and respected the horizontal meridian. They stated that
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mfVEPs are generated in the striate cortex (V1), and that
topographic analysis of mfVEPs may be able to distinguish
striate from extrastriate lesions.!? Recently, a patient was
reported with a congruous quadrantic defect and a loss of
the fMRI signal in the corresponding extrastriate area,
with normal signals in V1.2

Some investigators!=5:39-4 have successfully recorded
VEPs in cases with early compressive lesions of the optic
tract, especially in the chiasmal or retrochiasmal regions.
They reported that the VEP recordings were a sensitive
and objective method for examining patients with visual
field loss using full- or hemi-field stimulation or single or
multichannel recordings. Flanagan and associates® re-
ported that VEPs recorded with multichannel electrodes
were useful and even more sensitive for detecting compres-
sive lesions than subjective perimetry. In contrast, Mait-
land and associates! concluded that it was possible to
lateralize the brain lesion, but not to predict the site of the
lesion within the hemisphere. They also stated that VEP
analysis is of only limited value in assessing patients with
homonymous or bitemporal hemianopias.

On the basis of these findings, advanced mfVEP tech-
niques with the dartboard pattern stimuli and recordings
using bipolar occipital cross electrodes, as used in this
study, enhanced the sensitivity of the VEPs in detecting
postchiasmal optic nerve damage. Our findings clearly
illustrate that the responses that were summed within each
of the four quadrants were well-correlated with subjective
perimetry in some patients. Moreover, this method was
sensitive enough to detect visual field impairments even
with macular sparing (Cases 7 and 10). Bradnam and
associates® reported that a 90-minute check size used in
their study, which is optimal for peripheral areas of the
visual field, was minimally affected by central sparing of
their VEP recordings. Although we are not certain
whether full-field VEPs and mfVEPs are measuring the
same thing, the dartboard pattern stimulus used in our
study should stimulate the receptive fields optimally at
each retinal eccentricity.2? Therefore, they could improve
the detection of incomplete hemi-field and quadrantic
visual field defects and would be minimally affected by
macular sparing. Further application of this technique on
the large number of patients with visual field defects in the
central area will be helpful in establishing whether this
objective visual field testing can be used in patients with or
without macular sparing.

In conclusion, there are some cases with lesions in the
visual centers whose mfVEPs are not concordant with the
subjective visual field. Two patients with this discordance
had their hemianopsia recovered completely and three did
not. We suggest that the mfVEPs originated from the
primary area (area 17/V1). If the visual function arose from
damage by a lesion in the higher visual centers, it is
possible for the subjectively determined visual field to be
dissociated from the mfVEPs. This means that damage of
the visual pathway from the retina to the primary visual
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cortex (area 17/V1) would decrease the mfVEPs, but the
damage of the higher visual cortex could lead to a
discordance between the subjective visual field test and the
mfVEPs. We suggest that the primary visual cortex was not
affected severely in cases 7 and 10, and the transient tissue
edema or circulation disturbance after neurosurgery was
responsible for the subjectively determined visual field
defects. In cases 6, 8, and 9, the brain tumor was not
located in the primary visual cortex, and the mfVEPs could
be recorded (V1). The mfVEPs even with conventional
visual field defect can be interpreted to show that the
primary visual cortex is not affected. In these cases, the
visual field defect that is detected by conventional subjec-
tive visual field testing may recover. However, the recovery
of visual field in the two cases may be associated with the
cause of the visual field defect such as edema. Further
investigation will be necessary to elucidate the mechanism
of the recovery.31
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