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Abstract

In this article the correlations between the morphologieal
evaluation of the nerve fiber laver (NFL} thickness (hy
OCT) ond retinal functional sssessment (by Partern ERG
recordings) performed iIn patients affected by ocular
hypertension (OHT), glavcoma (OAG), demyvelinating optic
neuritis  (MSON), and Alzheimer’s disease (AD) are
reparted

In OHT eves with ocular hypertension we observied that
the intet-individual vanation in NFL thickness is correlated
with the vanability of the PERG responses (the thinner the
Laver, the worse the visual funetion).

In our OAG, MSON and AD eves we observed a signifi-
cant reduction in NFL thickness when compired with con-
trols. In OHT, OAG, MBON and AD eyes sbnormal PERG
responses with delayed implicit times and reduced amplitudes
were fourid, The fmpairment in the PERG paramcters was sig-
nificantly correlnted to the eduction in NFL thickness,

Our results suggest that in patients alTected by ocular
lypertension, glavcoma, demyelinatng oplic neuritis. and
Alzheimer's [Disease there 15 a reduction of NFL thickness
evaluated “in vive” by OCT, and this morphological mvalve-
ment is correlated with  electrophysiological responscs
assumed o be onginating from the mnermost retimal layers,

Keywords: Ocular hypertension: Glascoma; Multiple scle-
rosis, Alzheimer’s disease; Pattern Electroretinogram; retinal
ganglion cells; Optical Coherence Tomography

Introduction

A depletion of optic nerve panglion cells and their axons
has been observed hiswlogically or with other methods of

retinal fiber assessment n several pathologies such as
glavcoma, demvelinating optic neuritis, and Alzheimer's
Disease

An ohjective method of quantifying “in vivo™ the optic
nerve axons and retinal thickness has been proposed. This
method conssts of 8 new non-imasive technology allowing
cross-sectional imaging of the eve by Opncal Coherence
Tomeography (OCT). and so far has been widely employved in
assessing nerve fiber loyer (NFL) thickness in oocular hyper-
tension'” or glavcoma, in demyelinating eptic neuritis and in
Alzheimer’s disgase. " ™71

The bicelectrical activity of ganglion cells and their fibers
can be ohjectively assessed by recording electroretinographic
signals-in response-to patterned stimuli (PERG)™

In this review the correlations berween morphalogical
(OCT) and  functwnal (PERG) parameters 0 pabients
affected by ocular hvpertension, glaucoma, demyelimating
optic neuritis, and Alzheimer'’s disease are reported.

Sobjects and methods

According to the inclusion critena (sée above) we enrolled:

— Thirty-two patients {age range 2964 vears, mean 48 44
vears} affected by ceular bypertension (IOP =23mmHg
and <28 mmHg} with normal aotomatic full threshold
perimetry (247 Homphrev, Mean Defect <2dB). and
nene of the following papillary signs on conventional
color sterec-shdes: im notchies), penpapillary splinter
haemorrhages, increased vertical-to-horizontal cup/disk
ratio, cup/disk asymmetry between the o oves <02
(OHT eyes)'”
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— Thirty glavcoma patients (mean age 47.1 = 7,15 yvears,
refractive error between +2sf) with mean deviation of
computenized static penmetry (242 Humphrev) between
-5 and -28dRB and 1OP <Xl mmHg in pharmacological
treatment (OAG eves).'’

- Fourteen patients {six males and eight females; mean sge:
.07 = 58 vears) owith a diagmosis of definite multiple
sclerosis, according to the criteria previously proposed
brv Poser ef all, and previousty affected by optic neunitis
(OMLY Since it has been observed that the retrograde
degenerat:on process may fully develop in a hife-span of
six months, they were examined at least twelve months
after the last UM episode (MSON eyes). ™

— ‘Seventeen subjects (mean age TO37 + 6.1 vears) were
selected from a growp of forty patients with diagnosis
of Alzheimers Disease (AD eves)" The diagnosis
was performed using the established eritenia of the
Matiomal Institute of Newrological and Communicative
Disorders and Stroke-Alzheimer’s Disease and Related
Disorders Associgtion (NINCDS-ADREDA)® For this
studie we meluded patients wath a mild severity of cogni-
five impamrment, according o eritena described m the
Diagnostic and Statisteal Manual of Mental Disorders
(DSM-II).*

Cieneral inclusion criterid for patients and their age-matched
controls were: no evidence of vascular dementia, no history
of alechol abuse, no psychiatric disorders, no dismetalolic
diseases, no artenal hypertension, no ather neuralogical
diseases, no psychotropic therapy. Ocular inclusion criteria
were: hest eorrected visual acmty =B/ with refractive
error between £3 st intraocular pressure <18 mmHg, absence
of previous: history of optic medis opscity, cataract or early
lens opacity, retinal detachment, early age-related macuolar
degeneration, of other macular depeneration, retinal visscular
diseases,

Informed consemt was received from il subjects iwolved
in the study. The research followed the tenets of the Decla-
ration of Helsinki and the protocol was approved by the local
Ethical Committee,

OCT examination

OCT (Humprey, Dubling CA) was used with a fiber optic
delivery svsiem coupled with a slit-biomicroscope. This
system provides the operator with a video-camera view of
the scanning probe beam on the fundus and OCT imaging
sequired in real fime on a computer momtor. After dilatation
with 1% tropicamide, each eve was scanned three times using
a circle size of 3.4mm (1,7 mm radiug). Near-infrared light
(840 nm wavelength) was used. Throughout scanning, the
patient kept each eye constantly fixed on an internal target
provided by the equipment. The measurements were obliained
from three non-consecutive scans (.., the patient was
allowed to rest for a few seconds hefore being respositionsd
Lo proceed to the following scan). As previously reported, the

OCT software provides an awtormaled computer algorithim
that identifies the anterior and posterior borders of the
reting.”' This has been claimed to offer the possibility of cal-
eulating both NFL and total retinal thickress.' The software
allows the mapping of the thaickness data according 10 both
quadirant-by-guadrant and clock bour analvses. Retinal thick-
ness was determined by computer as the distance between
the first reflection at the vitreoretinal interface and the ante-
rior boundary of the second reflective layer, corresponding
to the retinal pigment epithelium and the chorocapillans,
As discussed elsewhere, NFL thickness was avtomatically
ssessed by the computer bssuming the correlztion with the
highly reflective red layer ot the vitreoretinal interface.''
The posterior margin of the NFL 1£ automatically located by
the software, starting within the photoreceptor laver (poste-
tiorly) and searching forward in the image.'

We considered the average values of three different mea-
surements per quadeant (superior, inferior, nasal and tempo-
ral): the overall data obtained in all quadrants (12 values
averaged) were identified as NFL Overall.

PERG recordings

According to previously published studies PERG recordings
were performed using the following method." """ The
subjects under cxamination were seated in oa semi-dark,
acoustically isolated room in front of the display surrounded
by & uniform ficld of luminance of Sed/m”. Prior to the exper-
imeni, each subject was adapied to the ambient room light
for 10min and the pupil diameter was about 3mm. Mydri-
atic or miotic drugs were never wsed,  Stimulation was
monpcular after occlusion of the other eve. Visual stimub
were checkerboard patterns (contrast 0%, mean luminance
110ed'n’) generated on a TV moenitor and reversed in con-
trast ab the rate of 2 reversals/s The check edges subtended
15 minutes of visual angle. The screen of the monitor
subtended 187

The bioelectrical signal was recorded by a small Ag/ApC
skin electrode placed over the lower eyelid. PERGs were
derived hipolady betwesn the stimulated {active clectrode)
and the patched (reference electrode) eve using the method
previously descrbed.™ As the recording protocol was
extensive, the vse of skin electrodes with an interocular
recording represented a good compromise between signal-
to-noise ratio and signal stability. A discussion on PERG
using skin electrodes and s relationship o the responses
obtained by corneal electrodes can be found elsewhere. ™™
The ground electrode was in Fpe, The interelectrode resis-
tance was lower than 3 KOhms, The signal was amplified
{gain S0000), filtered (band pass 1-30Hz) and averaged with
automatic rejection of artifaets {200 events free from artifacts
were averaged for every trial) by BM 6000 (Biomedica
Mangoni, Pisa, Italyh The analysis time wag 250msec. The
transicnt PERG response i3 characterized by a number of
waves with three subsequent peaks, of negative, positive,
negative polanty, respectively. In normul subjects, these
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peaks have the following implicit tmes: 35, 50 and 95 msec
(N33, P50, N95)

Since an intraindividual PERG varighility, reluted to
mattention or oplical defocus, has been described 1 AD
patients,"” the recording session was continuously monitored
(with an infrared vidéocamera) to check whether the patient
tested maintmned a stable fixation over a small, red target
{(L.5%) placed m the center of the stimulus field. The refrac-
tion of all subjects was corrected for viewing distance,

We accepted PERG signals with signal-lo-notse ratio =2
The noise was measured by recording the bioelectrical
sipmalss (200 Cavernged cevents), while the momtor was
screened by o cardboard. A retinal noise (peak-to-peak
measure) <0 microvoll {mean 0086 microvolt) was
observed in all subjects tested. For all PERG recordings. the
implicit time and the peak-to peak amplitede of each of the
averdged waves were measured directly on the displayed
records by means of a pair of cursors,

Statistical analyses

The duta are reporied s mean values £ standard deviation,
The differences between controly wnd patienis  were
statistically evaluated by ANOVA. In order to assess whether
d correlation exists between NEL thickness and electrophys-
tological parameters, linear regression snalysis (Pearson’s
test) wos adopted. In-both statistical anulyses, a P value less
than 0,07 was considered significant
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OCT scans were performed by one pbserver. Test-retest
variability was maintained within the 5% limit. In case of a
vartability =5%. a new set of three independent scans was
repeated until proper values were recorded.

In the recording session, PERGs were recorded at least
twice and the resulting waveforms were superimposed to
check the repeatability of the results. The test-retest vari-
ability of PERG parameters proved to be <5%,

Results

Examiples of NFL assessment and relative FERG recordings
are reported i Figure |

The mean data of WFL thickness and PERG parameters
are reported 1n Table 1.

The correfation between NFL thickness and PERG para-
meters are reported an Table 2,

OHT eves

In OHT patients we evaluated the variabality of the electro-
physiological data as a funchion of nerve fiber thickness
PERG recordings gave the following results (95% confidence
limits}: PERG P30 latency = 59.3-63 msec; PERG P30-N95
amplitude = 0.74- 1154V The thickness of the nerve fiber
laver, measured across the 360° section along the optic dise
{NELOY, ranged between |13 and 1690 (mean + 5.0 = 1453

PERG Recordings
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Left: Circular Opticnl Coberence Tomography (00T aken in cvlindrical section of tissee surrounding the optic dise, The anfe-

rior mest red reflection mdicates the merve fiber Inyver (NFLY; Right: Transient PERC recordings obtained in response to high contrast (80%)
15" checks of visual stmuli. In comparisan with the eontrol subject, in OAG, MSON amil AD putients OCT shows o morked decresse of NFL
reflection (smaller NFL thickness) in each quedrant: PERG recordings shiow delaved fmplicit tmes and reduced amplimdes
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Table | Mean values and one (£) standard deviation of morphological (NFL thickness)
and electrophysiclogical (PERG) parameters in glancoma {QAL), Optic Newrms m Multiple
Selerosis (MSON), Alzheimer's Thsease {AD) patients and in relative dge-matched contrals
Statstics: Analysis of Vanance with respect to Controls, * = P < (101

Group MFL MEL PERG P30 PERG PAG-NGS
Owerall Tempaoral Implicit Time Amplitude
{jim) fiim) [ms) {micTovelt)
OAG (N =31} 5.5+ 357+ .0 = 197 GERTTE SR 07 009
Controls (N=14) 11937+ 110 849 6.67 56,92 £ 4.04 L1207
MEON (M = 14) JoTe s |O08Y 41z 1550 6393 1 T 144 08 =041
Comtrols iN=14) 11011 & 114 Bihd = 11.R7 5772+ 5.0 181 £ 0,22
AN = 1T} A4 |67 3704 17.60%  TOAT +4.93% .78 £ 0.25*%
Controls (N = 14) 999 £ §.95 K563 821 179 £ LE3 1.54 0,18

Fable 2. Linearregression and correlation between PERG parsmeters and Overall or Temporal Nerve Fiber Layers (NFL ) evaluated in ocular
hypertension (OHT), glavcoma (DAL, Optic Newritis in Multiple Selerdsis (MSON), Alzheimer's Disease (ALD) patients

W5 OHT Al MSON AD
PERG P50 PERG PERG PS5O PERG PERG P50 PERG PERG P50 FERG
Implicit PE0-N95 Implicit PA-MS Implecit P50-N25 Implici PA0-NGS
Time Amp Time Amp Time Amp Time Amp
NFLO r: —0.470 318 - —(.422 r 0.460 ¢ =0.744 r 0794 =634 r: .742
t =2.916 A318 1 =2 546 i 2835 i =3 866 i 4.531 t: =3 180 1 4284
F=0007 P=0.002 P=0.016 P o= (008 P= 0z P = 0001 P = (062 P = 00006
NFLT =404 0493 r, 447 r 0,349 r —635 r: ed? r: 0,749 r 0775
1 —2.420 3102 1 —-2738 e 2100 1 -1849 2652 i =3.340 - 3.288
P=0022 =000 P= 0 P=0043 Po=(h00 P o= 0,020 P = 0,000 P = 00004

+ 16). The NFL Overall and Temporal values of cach patient
showed a significant cocrelation with PERG P30 implicit
time and PERG P30-N95 amplitude.

OAG eyes

In OAG eyes, we observed NFL Overall thickness within
129 and 1093, (mean 51.5 £ 25,7} microns; this was sig-
nificantly (P < (.01} reduced when compared with controls;
NFL Temporal thickness was within 10.0 and 84.0 {mean:
40,0 £+ 19.7) mucrons and therefore sipnificontly (P < 0.01)
reduced when compared with controls. NFL thickness was
nol correlated (P = 0.01) with 10P values or with age.

OAG eves showed PERG P50 implicit time significantly
(< 0.01) delayed and PERG P50-N35 amplitudes signifi-
cartly (P < 0,01} reduced with respect to control eyes. In
OAG eyes, the NFL Overall and NFL Temporal values were
stanificantly correlated (P < 0.01) to PERG parametery (P50
implicit time and P30-N%5 amplitude).

MSOMN eyes

Inn comtrol eyes we found an NFL thickness within 92.5 and
1274 (mean: 11111 £ 11.42) microns in the NFL Overall

evaluation and within 68.9 and 106.5 {mean: 83.64 £ 11.87)
micrans in the NFL Temporal evaluation, In MSON eves we
observed NFL thickness within 35,58 and 77, 10 {mean 539.7%
£ 10.80) microns in the NFL Overall evaluation and within
1530 and 63.30 (mean: 41,54 £ 15.55) microns in the WNFL
Temporal evaluation. We observed a significant (P < (L1}
reduction of NFL thickness values in MSON eyves when
compared Lo controls,

In MEON eves PERG P30 implicit ime was significantly
{P < (.01} delaved with respect to control eyes and the PERG
P50-N95 amplitudes were significantly (P < 0.01) reduced
with respect 1o controls. NFL Overall and NFL Temporal
values were significantly correfated (P < 00.01) 1w PERG P30
implicit time and PERG P50-N95 amplitude in MSON eyes.

AD eves

MNEL Overall thickness was within 86.7 and 111.7um (mean:
99.9 + 8.95um} in control eves and within 29.5 and 1054
pm (mean: 39.5 £ 16.70um) in AD eyes. In AD eyes NFL
thickness evaluated in the separate quadrants (Inferior, Supe-
rior, Masal, and Temporal) or i the Overall evaluation was
significantly (p < 0.01) reduced when compared with that of
control subjects.
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AD eves showed PERG P30 implicit time was signifi-
cantly {p < 0.01) delayed compared with that of control
eyes; PERG  P50-N95  amplitudes were  significantly
{p < 0.01) reduced compared to contral eyes, In AD eyes
NFL Owerall and NFL Temporal values were significantly
correlated (p < (L01) to PERG P50 implicit ime and PERG
P50-N25 amplitude.

In contral eyes, no sigmificant correlation between PERG
parameters and NFL thickness was observed.

Discussion

We studied the correlation between the NFL thickness and
retinal function in patients affected by ocelar hypertension,
glaccoma, demyelinating optic neuritis, and Alzheimer’s
Disease,

In 32 patients with ocular hypertension we observed that
the inter-individual vanation in NFL thickness 18 associated
with the vanability of PERG responses (the thinner the layer,
the worse the visual function),

In our 30 OAG patients we observed a sigmificant reduc-
tion in NFL thickness. The OCT readings are comparable 1o
those previously observed in normal and glancomatous eves
by several authors,"* "

We observed a sigmificant reduction in NFL thickness in
14 patients with M35 and this 55 in agreement to previous
studies performed using differenmt methods of retinal fiber
assessment.™ * This finding could be considered the expres-
sion of a loss of those axons that form the head of the optie
nerve, A high frequency of transécted axons in the lesioned
brain area in MS patients was observed in 2 recent neu-
ropathologie study™ I 1s likely that a simlar degree of
axondl invalvement may develop in the optic nerve affected
by the inflammatory process. A retrograde degeneration
could then initiate in the damaged ganglion cell fibers leading
o the morphological changes that we have observed

In 17 Alzheimer’s Disease patients our OCT resufts show
an NFL reduced thickness in cach quadrant examined. in-
dicating an imolvément of the newroretinal tissue. These
data confirm previous observations obtained by histological
studies or by other metheds of evaluating the NFL in
vive." " The loss of ganglion cells and their fibers observed
in AL} patients could be ascribed to a newrodegenerative
process involving the neuroretinal structures,

According 1o several studies revealing a retinal dys-
function in patients affected by ocular hypertension, ™=
glavcoma, "™ demyelinating optic neuritis.™ " and
Alzheimers Disease,” ™" we ohserved, in the samie cate-
gories of patients, abnormal PERG responses with delayved
implieit times and reduced amplitudes, In our patients the
impairment in PERG paramelers was significantly correlated
to the reduction in NFL thickness.

Although studies performed in animal models have shown
that PERGs reflect the bicelectrical activity of the innermost
retmal fayers (ganghon cells and ther fibers), the cxstence
of similar evidence in bumans is still controversial. ™

In fact, a shortening of P30 implicit time has been
observed in pathologies in which there is a primary retinal
ganglion eell dyvsfimction such as dominant optic atrophy,
optic nerve compression and surgical optic nerve seetion.™ ™
These human data are supported by a recent paper by
Viswanathan el af | in which a shortening of the P50 implicit
time has been observed after mnducing experimental glau-
goma or TTX treatment in monkey eves.” Therefore, these
stuchies suggest that in the presence of o “pure”™ retinal gan-
elion cell dysfunction there is a shorfening and not a delay
of the P30 component. On the basis of these studies, we
believe that the delay in the P30 component observed in our
ocular hypericnsion, glavcoma, demyelinating optic neuritis,
and Alzhenmer's Disease patlenis cannot be exclusively
ascribed to a “pure” ganglion cell dysfunction.™ ™

A possible dysfinction of pre-ganglionic elements could
explain the defay in P50 implicit time observed in our
patients, and this is supporied by data obained in glavcoma
or in multiple sclerosis in which the delay of the P50 implicit
fime could be ascribed to a dysfunction of both: ganghonic
and preganglionic elements. ™™

Mevertheless, the sigraficant correlation between the delay
in P30 implicit time and the reduced NFL thickness observed
in our AD patients, lead us t believe that a contribution of
the inner retinal nedrons to the P50 component cannot be
entirely excluded. On the comtrary, the correlation between
the reduction in P50-N95 amplitude and the reduced NFL
thickness can be explained, in agreement with Viswanathan
et af., by the hypothesis that the N9% component depends
exclusively on ganglion cell function,”

In conclusion, our results suggest that in patients affected
by ocular hypertension, glavcoma; demyvelinating optic neu-
ritis and Alzheimers Disease, there is a reducnion of NFL
thickness evaluated “in vive™ by OCT, and this morphologi-
cal invelvement is related to a retinal dysfunction as revealed

by abnormal PERG responses.
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