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Objectve: To correlate the nerve fiber layer (NFL) thickness and the visual function evaluated by electro-
physiologic retinal and cortical responses assessed in open-angle glaucoma (OAG) eyes.

Design: Prospective case-control study.

Participants: Thirty glaucoma patients (mean age, 47.1 = 7.15 years; refractive error range, *= 2 spherical
equivalent) with a mean deviation of computerized static perimetry (24/2 Humphrey, Dublin, CA) from —5 to —28
dB and intraocular pressure less than 21 mmHg on pharmacologic treatment and 14 age-matched control
participants.

Methods: Nerve fiber layer thickness was measured by optical coherence tomography. Retinal and visual
pathway function was assessed by simultaneously recording pattern electroretinograms (PERGs) and visual
evoked potentials (VEPS) using high-contrast (80%) checkerboard stimuli (the single check edges subtend 15
minutes of the visual arc) reversed at the rate of two reversals per second. Linear regression analyses were
adopted to establish the correlation between NFL thickness and PERG and VEP parameters.

Main Outcome Measures: Nerve fiber layer thickness measurements in each quadrant (superior, inferior,
nasal, and temporal) were taken and then averaged (12 values averaged) and identified as NFL overall, whereas
the data obtained in the temporal quadrant only (three values averaged) were identified as NFL temporal. PERG
P50 implicit time and P50-N95 amplitude and VEP P100 implicit time and N75-P100 amplitude were also
measured.

Results: In OAG eyes, we found a significant (P < 0.01) reduction in NFL thickness in both NFL overall and
NFL temporal evaluations with respect to the values observed in control eyes. PERG and VEP parameters
showed a significant (P < 0.01) delay in implicit time and a reduction in peak-to-peak amplitude. In OAG eyes,
the NFL overall and NFL temporal values were significantly correlated (P < 0.01) with the PERG P50 implicit time
and P50-95 peak-to-peak amplitude. No correlations (P > 0.01) between NFL values and VEP parameters were
found.

Conclusions: There is a correlation between PERG changes and NFL thickness, but there is no correlation
between VEP changes and NFL thickness in patients affected by OAG. Ophthalmology 2001;108:905-912
© 2001 by the American Academy of Ophthalmology.
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Recently, optical coherence tomography (OCT), a newhan 18 mmHg; best-corrected visual acuity of 20/20 or better with
noninvasive technology allowing cross-sectional imaging ofe refractive error, when present, betwee@.50 and+0.50 spher-
assessing the retinal nerve fiber layer (NFL) thickness wittf#/2 achromatic full-threshold strategy, StatPac-2) showing a
good reproducibilitﬁg‘S“ Interestingly, a high degree of mean deviation less thar0.5 dB; and no ocular, metabolic, or

i . . neurologic problems. The mean age was 48.0.53 years.
correlation between OCT-estimated values of NFL thick- On recruitment, each participant gave informed consent to the

nes§9.—33 and the stage of diseases affecting primarily theyrocedures. The research followed the tenets of the Declaration of
ganglion cells (for example, of glaucoma) has been reportegdie|sinki.

in humans** In addition, in vivo measurements of the inner

retina thickness obtained by OCT have been significantly . | L

correlated with PERG responses in living human eyes thaPptical Coherence Tomography Examination

show some degree of ocular hypertensien. Optical coherence tomography (Humphrey Instruments, Dublin,
In the present study, a widespread selection of glaucomga), including the fiber optic delivery system coupled with slit-
patients, with eyes affected by different degrees of glaucobiomicroscope, was used. This system provides the operator with
matous optic neuropathy, were tested for PERG, VEP, and video-camera view of the scanning probe beam on the fundus
OCT. Our aim was to correlate the inner retinal thicknessand OCT imaging acquired in real time on a computer monitor.
with the visual function evaluated by electrophysiologic After dilatation with 1% tropicamide, each eye was scanned three

re“nal and Cortlcal responses assessed |n eyes Wlth opemes USing a circle size of 3.4 mm (17-mm radiUS). Near-i-nfrared
angle glaucoma (OAG) light (840 nm wavelength) was used. Throughout scanning, the

subject kept his or her eyes constantly fixed on an internal target
provided by the equipment. The measurements were obtained from
three nonconsecutive scans (i.e., the subject was allowed to rest for
Materials and Methods a few seconds before being repositioned to proceed to the follow-
ing scan). As previously reported, the OCT software provides an
automated computer algorithm that identifies the anterior and
posterior borders of the retirfd.This has been claimed to offer the

; ; ; possibility of calculating both NFL and total retinal thicknes3es.
Thirty eyes of 30 consecutive patients (mean age, 47.1.15 %ﬁhe software allows the mapping of the thickness data according

Patients

years) affected by OAG were recruited. Because it is known tha both quadrant-by-quadrant and clock-hour analyses. Refinal

the PERG responses could be modified by the reduction of the”. . .
intraocular pressure (IOP) witBrblocker treatment/ we enrolled . ickness was determ'lned by_ computer as the distance between the
only patients with IOP values less than 21 mmHg who were usindg'rSt reflection at the wtreoretlnal interface and th_e anterior bou_nd-
ry of the second reflective layer, corresponding to the retinal
pigment epithelium and the choriocapillaris. As discussed else-
ere3® NFL thickness was automatically assessed by the-com
puter assuming the correlation with the red, highly reflective layer

B-blocker monotherapy and were observed during at least the
months preceding the electrophysiologic and morphologic evalu
ation. The IOP was assessed by the average of the two highe
readings of the daily curve (from 8:0®1 to 6:00pm, six indepen- i )
dent readings, one every 2 hours). Each patient had to hav@! the vitreoretinal interface’ >

experienced automatic perimetry (at least six previous reliable V€ considered the average values of three different measure-
examinations within the previous 3 years) ments per quadrant (superior, inferior, nasal, and temporal); the

; ; P . overall data obtained in all quadrants (12 values averaged) were
Other inclusion criteria were: identified as NFL overall, whereas the data obtained in the tem-
1. Visual field (Humphrey Field Analyzer, model 740, 24/2 poral quadrant only (three values averaged) were identified as NFL
achromatic full-threshold strategy, StatPac-2, Dublin, CA) temporal. Nerve fiber layer temporal was recorded to evaluate the
showing a mean deviation more than5 dB; corrected temporal fiber in which the papillomacular bundle fibers are in-
pattern standard deviation more thad dB; fixation losses, cluded3®
false-positive rate, and false-negative rate, each less than
20%;

2. Best-corrected visual acuity of 20/20 or better; Electrophysiologic Examination

3. One or more papillary signs on conventional color stereo
slides: the presence of a localized loss of neuroretinal ri
(notch), thinning of the neuroretinal rim, generalized loss of

optic rim tissue, optic disc excavation, vertical or horizontal me'tl'hhoedss.ub'ects under examination were seated in a semidark
cup-to-disc ratio more than 0.3, cup-to-disc asymmetry be- I ’

L . - acoustically isolated room in front of the display surrounded by a
Eﬂé?:grr:wh:gé\g;o eyes more than 0.2, peripapillary SIOhmeruniform fit_elpl of luminance of 5 cd/f Befo_re the exp(_ariment,
4. Refractive error (when present) betweefl.50 and+0.50 ee.\ch participant was‘ad.apted to the amblept room light for 10
spherical equivalent; minutes, and the pupil diameter was approximately 5 mm. Myd-
5. No previous history or presence of any disease involving thé"atlc or miotic drugs were never u_sed. St'.mUI"."t'on was monocular
cornea, lens, or retina: after occlusion of the other eye. V|§ual stimuli were checkerboard
6. No previous history or presence of diabetes, optic neuritisPaterns (contrast 80%, mean luminance 110 ¢lynerated on
or any disease involving the visual pathways; and a television monitor f':md reve_rse_d in contrast at the rate of two
7. Pupil diameter 3 mm or more without mydriatic or miotic reversals per second,; at.the viewing distance of 114 cm, the check
drugs edggs subtended 15 minutes of visual angle. The screen of the
' monitor subtended 18°, and a small red target (0.5°) was placed in
The 30 OAG eyes were compared with 14 eyes from 14 agethe center of the stimulus field to maintain stable fixation. The
matched control participants. The control participants had I0P lessefraction of all participants was corrected for viewing distance.

ccording to previously published studié$®23-37simultaneous
ERG and VEP recordings were performed using the following
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Table 1. Clinical, Morphologic, and Electrophysiologic Data on Control Subjects and on Open-angle Glaucoma Patients

Nerve Fiber Layer

Eye (pam) Pattern Electroretinogram Visual Evoked Potential
Control (Left Intraocular
Subject or Age Pressure P50 (Implicit P50-N95 P100 (Implicit N75-P100
No. Right) Gender (yrs) (mmHg) Owerall Temporal Time, msec) (Amplitude, pV) Time, msec) (Amplitude, pV)
C1 L M 48 16 96.1 3.4 50 1.6 100 5.3
C2 L F 47 14 116.4 96.2 50 1.9 110 7.4
C3 L F 39 16 108.7 83.8 51 1.6 102 7.6
C4 L F 39 16 107.2 82.3 56 1.8 106 6.4
C5 L M 43 15 125.3 92.1 56 2.0 102 5.7
C6 R M 57 12 92.5 68.9 58 1.6 109 6.7
C1 L M 59 15 93.3 81.1 57 1.8 107 6.5
C8 R F 57 16 126.6 102.3 58 1.7 108 7.5
C9 R M 40 16 1174 86.3 58 2.0 102 6.0
C10 R M 52 13 114.2 99.5 60 1.5 109 6.8
C11 L F 47 15 107.6 77.6 59 1.8 111 6.2
C12 R F 41 17 118.3 81.4 60 1.7 107 6.2
C13 R F 44 14 1104 85.2 63 1.4 107 8.9
Cl14 L F 59 13 100.1 78.4 61 1.6 109 6.7
Nerve Fiber Pattern Visual Evoked
Cup-to-Disc Ratio Layer (pm) Electroretinogram Potential
—  Corrected
Open-angle Eye Pattern P50 P100
Glaucoma (Left Intraocular Standard  Mean (Implicit ~ P50-N95  (Implicic N75-P100
Patient or Gen- Age Pressure Deviation Deviation Time, (Amplitude, Time, (Amplitude,
No. Right) der (yrs) (mmHg)* Vertical Horizontal — (dB) (dB)  Owerall Temporal msec) uV) msec) uV)
OAG 1 L M 53 16 0.6 0.5 +5.17 -8.83 45.6 42.0 63 0.5 119 2.4
OAG 2 R M 53 16 0.8 0.7 +11.77 —1891 22.1 25.3 69 0.4 125 4.5
OAG 3 L M 44 20 0.6 0.6 +13.57 —13.26 30.8 24.3 67 0.6 117 4.7
OAG 4 R M 44 16 0.8 0.6 +13.15 —14.35 25.4 14.3 64 0.8 131 3.7
OAG 5 L F 41 18 0.6 0.6 +6.97 —10.14 52.8 31.6 69 0.5 127 4.2
OAG 6 R F 40 18 0.5 0.4 +5.29 —17.30 61.3 433 62 0.8 117 8.1
OAG 7 R M 39 16 0.4 0.4 +2.83 —8.06 1054 68.3 59 1.1 117 5.0
OAG 8 L M 36 17 0.4 0.4 +1.47 —5.26  109.3 72.6 59 0.7 117 4.6
OAG 9 R M 34 18 0.4 0.4 +1.37 —545 101.6 84.0 53 0.9 116 3.4
OAG 10 R M 39 18 0.8 0.7 +5.80 —11.04 18.4 13.6 65 0.7 119 4.6
OAG 11 L M 38 18 0.9 0.8 +9.65 —27.22 12.9 10.0 4 0.4 129 3.2
OAG 12 L M 40 17 0.8 0.6 +14.61  —16.62 28.9 173 66 0.8 118 5.5
OAG 13 L M 41 15 0.7 0.6 +15.65 —13.33 29.5 32.6 67 0.6 120 5.5
OAG 14 L M 50 16 0.5 0.4 +1.82 -17.03 75.4 63.0 62 1.0 128 7.5
OAG 15 L M 42 15 0.5 0.4 +10.26  —19.60 70.7 40.3 59 1.0 125 5.2
OAG 16 R M 56 19 0.6 0.4 +1.92 —6.11 279 25.5 66 0.7 118 2.5
OAG 17 L F 39 19 0.7 0.5 +5.38 —27.42 24.0 13.0 67 0.5 124 3.6
OAG 18 L M 45 18 0.5 0.4 +2.23 —23.20 71.0 63.0 59 1.0 124 7.2
OAG 19 L F 47 17 0.6 0.4 +6.36  —11.70 478 41.5 65 0.6 121 3.8
OAG 20 R F 52 16 0.7 0.5 +9.62 —6.20 29.5 25.0 67 0.6 125 6.6
OAG 21 R F 55 15 0.8 0.7 +10.70 —8.30 21.2 11.5 70 0.4 131 5.0
OAG 22 L M 53 17 0.6 0.5 +6.43 —8.54 56.5 43.0 64 0.7 129 3.2
OAG 23 R M 54 18 0.5 0.4 +4.54 -9.32 62.3 57.8 62 0.9 129 6.9
OAG 24 L F 52 19 0.5 0.5 +6.34 —1043 59.9 41.5 62 0.8 122 6.5
OAG 25 L F 57 18 0.6 0.4 +6.54 —12.46 51.6 55.5 66 0.6 121 3.1
OAG 26 L M 56 17 0.6 0.5 +6.66 -9.72 54.3 39.6 65 0.7 127 32
OAG 27 R F 53 18 0.6 0.5 +6.03 —16.32 59.3 46.6 63 0.7 126 3.8
OAG 28 R M 55 17 0.5 0.4 +3.36  —14.65 68.5 55.0 61 0.9 122 6.2
OAG 29 L F 52 16 0.5 0.4 +4.36 —8.65 62.2 51.7 62 0.8 128 5.6
OAG 30 R M 53 15 0.6 0.5 +5.85 —12.60 58.1 46.0 63 0.7 128 33

* In open-angle glaucoma patients, assessed in pharmacologic treatment with B-blockers only (average of the two highest values of the daily curve).

Pattern Electroretinogram Recordings electrode resistance was less than 3 KOhms. The signal was
amplified (gain, 50,000), filtered (band pass, 1-30 Hz), and aver-
The bioelectrical signal was recorded by a small Ag/AgCl skinaged with automatic rejection of artifacts (200 events free from
electrode placed over the lower eyelid. Pattern electroretinogram@rtifacts were averaged for every trial) by BM 6000 (Biomedica
were derived bipolarly between the stimulated (active electrodeMangoni, Pisa, Italy). The analysis time was 250 milliseconds. The
and the patched (reference electrode) eye using the method previansient PERG response is characterized by a number of waves
ously described® The ground electrode was in Fpz. The inter with three subsequent peaks, of negative, positive, and negative po-
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Table 2. Mean Values and One () Standard Deviation of Electrophysiologic Parameters in Control Subjects and in Patients
Affected by Open-angle Glaucoma (One-way Analysis of Variance with Respect to Control Subjects)

Pattern Electroretinogram Pattern Electroretinogram Visual Evoked Potential Visual Evoked Potential
Group P50 Implicit Time (msec) P50-N95 Amplitude (V) P100 Implicit Time (msec) N75-P100 Amplitude (nV)
Control (n = 14) 56.92 + 4.04 1.71 = 0.17 106.35 * 3.47 6.70 = 091
Open-angle 64.00 + 4.11 0.71 = 0.19 123.33 = 4.76 4.75 = 1.55
glaucoma (n = 30) F(1.42) = 28.62 F(1.42) = 281.8 F(1.42) = 142.1 F(1.42) = 18.95
P < 0.001 P < 0.001 P < 0.001 P < 0.001

larity, respectively. In normal subjects, these peaks have the followingbserver (GM). Test—retest variability was maintained within the

implicit times: 35, 50, and 95 milliseconds (N35, P50, N95). 5% limit. In case of a variability of more than 5%, a new set of
three independent scans was repeated until proper values were
. . . recorded.
Visual Evoked Potential Recordings In the recording session, simultaneous PERG and VEP values

. . .. were recorded at least twice, and the resulting waveforms were
Cup-shaped electrodes of Ag/AgCl were fixed with collodion in superimposed to confirm the repeatability of the results. The test—

the following positions: active electrode in Oz, reference electrod o
in Fpz; ground in the left arm. The interelectrode resistance Wa%eeézstth\;?]”g&“ty of both PERG and VEP parameters proved to be

kept at less than 3 KOhms. The bioelectric signal was amplifie
(gain, 20,000), filtered (band-pass, 1-100 Hz), and averaged (200
events free from artifacts were averaged for every trial) by BM
6000. The analysis time was 250 milliseconds. The transient VE
e e s o aeFh e i, mopholgc, and lciophysilogc Gt per
tively. In normal subjects, these peaks have the following impliCit'I?z!\gllr;gltoTﬁzn;gltiSt?crgfﬁittlfsazﬂg sorﬁﬁvnp?ﬁlﬁ'r:a:srez r:rﬁ)é)réed in
times: 75, 100, and 145 milliseconds (N75, P100, N145). ' '
We accepted PERG and VEP signals with a signal-to-noise
ratio of more than 2. The noise was measured by recording th@ptical Coherence Tomography Examination
bioelectrical signals (200 averaged events), while the monitor Wa%xamples of NFL assessment in one OAG eye and in one control

screerlwed ?ﬁ' a gairdpoard, I?nd a re(;ircl)asl6noi_se (p(Ttak-to-piak me&\]e are shown in Figure 1. In control eyes, NFL thickness ranged
sure) less than 0.1 microvolt (mean 0. microvolt) was observe etween 92.5 and 126,6m (mean, 119.57 11.02 um) in the

in all subjects tested. For all PERG and VEP values, the implicila“:L overall evaluation and between 68.9 and 10218 (mean,

esults

time and the peak-to-peak amplitude of each of the average 4.9+ 9.67 um) in the NFL temporal evaluation
waves were measured directly on the displayed records by a pair 0 -InioA;G gyes we observed NEL overall thic.kness to be be-

cursors. tween 12.9 and 109.3m (mean, 51.5+ 25.7 um). This was
significantly reduced when compared with those of controls

Statistics (F(1,42) = 65.21; P = 0.00001). Nerve fiber layer temporal
thickness was between 10.0 and 84 (mean, 40.G= 19.7 um),

The data are reported as mean valte$ standard deviation. The and therefore was reduced when compared with control eyes

differences between control and OAG eyes were statistically eval(F(1,42) = 64.81;P = 0.00001). Nerve fiber layer thickness was

uated with a one-way analysis of variance without post hoc Bonnot correlated® > 0.01) with IOP values or with age.

ferroni analysis for repeated measures. To assess whether a cor-

relation exists between OCT and electrophysiologic parameterPattern Electroretinogram and Visual Evoked

I|ne§1r_regre55|on analysis (Pearson’s test) was adopted. In .boisotential Evaluation

statistical analyses, B value less than 0.01 was considered sig-

nificant. The mean data are presented in Table 2. Examples of PERG and

Optical coherence tomography scans were performed by on¥EP recordings are shown in Figure 1.

Table 3. Linear Regression and Correlation between Electrophysiologic and Perimetric Parameters and Nerve Fiber Layer Overall or
Temporal Evaluated in Open-angle Glaucoma Eyes

Corrected Pattern Pattern Electroretinogram Visual Evoked Potential
Standard
Intraocular Deviation Mean Deviation P50 P50-N95 P100 N75-P100
Age (yrs)  Pressure  (Humphrey 24-2)  (Humphrey 24-2)  Implicit Time Amplitude Implicit Time Amplitude
Nerve fiber layer r, 0.172 r, 0.071 r, 0.663 r, 0.393 r, —0.847 r, 0.685 r, —0.263 r, 0.220
overall t, 0.927 t, —0.378 t, —4.690 t, 2.265 t, —8.440 t, 4.984 t, —1.444 t, 1.198
P=0361 P=0.707 P < 0.001 P =0.031 P < 0.001 P < 0.001 P =0.159 P =0.240
Nerve fiber layer r, —0.009  r, 0.041 r, —0.688 r, —0.400 r, —0.823 r, 0.632 r, —0.166 r,0.213
temporal t, —0.048 t, —0.222 t, —5.01 t, —2.311 t, —7.666 t,4.320 t, —0.891 t, 1.156
P=0961 P =0.827 P < 0.001 P =0.028 P < 0.001 P < 0.001 P =0.379 P =0.257
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I | |
msec 0 100 250 0 100 250

Figure 1. A, Control eye. Above, Circular optical coherence tomography (OCT) taken in cylindrical section of tissue surrounding the optic disc. The
anterior most red reflection indicates the nerve fiber layer (NFL). Inf = inferior; Nas = nasal; Sup = superior; Temp = temporal. Below, Simultaneous
recordings of visual evoked potential (VEP) and pattern electroretinogram (PERG). B, OAG4 glaucoma patient. Above, The OCT shows a marked
decrease of the NFL reflection (the NFL thickness is thinned in each quadrant compared with the control eye). Below, In comparison with the control
subject, the OAG eye presents a delay in PERG P50 and VEP P100 implicit times and a reduction in PERG P50-N95 and VEP N75-P100 amplitudes.

Pattern Electroretinogram. Open-angle glaucoma eyes showed Discussion
P50 implicit time significantly delayed and P50-N95 amplitudes

significantly reduced with respect to the control eyes. . - L
Visual Evoked Potential. In OAG eyes, it was observed that In our OAG patients, we observed a significant reduction in

P100 implicit time was significantly delayed and N75-P100 am-NFL thickness that correlated significantly with PERG re-
plitude was significantly reduced with respect to those of controlssponses, whereas no correlations were found between NFL
values and VEP responses.
The OCT readings are comparable to those previously

Optical Coherence Tomography versus Pattern observed in normal and glaucomatous eyes by several au-
Electroretinogram and Visual Evoked Potential thors3439-42 Recently, Chauhan and MarsHallraised

The correlation between NFL thickness and PERG and VEPOM€ criticism regarding the accuracy of OCT in NFL
parameters is shown in Figures 2 and 3 and in Table 3. thickness measurements. However, in the same report, they

In OAG eyes, the NFL overall and NFL temporal values were Showed a good correlation between excimer laser-induced
significantly correlated® < 0.01) with the PERG parameters (P50 ablation of the inner retina and the signal recorded by OCT,
implicit time and P50-N95 amplitude). No correlatiofs% 0.01)  stating tha“ . . . thethickness of the inner band was reduced
between NFL values and VEP parameters (P100 implicit time anghy the same amount as the ablation step heitfhihere-
N75-P100 amplitudes) were observed. Open-angle glaucoma eYe¢sre, although the accuracy of OCT in quantifying the NFL
showed a weak correlation between NFL (overall and temporal)chickness is still a matter of debate. we can assume that

and mean deviation values. Interestingly, corrected pattern stan- . h in the OCT si | ing f th
dard deviation values correlated well with both NFL overall and PFO9ressive changes in the signal coming from the

NFL temporal values. In control eyes, no significant correlationinner retina (including NFL, inner plexiform layer, and
between electrophysiologic (PERG and VEP) parameters and NFganglion cell layer) are paralleled by similar changes oc-
thickness was observed. curring in the tissue. Actually, the NFL thickness showed an
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Figure 2. Nerve fiber layer (NFL) thickness plotted against pattern elec- Figure 3. Nerve fiber layer (NFL) thickness plotted against visual evoked
troretinogram (PERG) P50 implicit time (A) and PERG P50-N95 ampli- potential (VEP) P100 implicit time (A) and VEP N75-P100 amplitude
tude (B) in open-angle glaucoma patients (dashed line, NFL overall; solid (B) in open-angle glaucoma patients (dashed line, NFL overall; solid line,
line, NFL temporal). For regression analysis see Table 3. NFL temporal). For regression analysis see Table 3.

excellent correlation with the corrected pattern standarémplitude was observed only when the PERG was recorded
deviation of the Humphrey Field Analyzer, whereas theusing 15-minute checks. By contrast, when PERG was
mean deviation showed a poor correlation with NFL. Inrecorded using high-contrast checks, subtending 60 minutes
fact, the corrected pattern standard deviation is consideredaf visual arc, NFL thickness did not correlate with PERG
more accurate index of localized defects in the visual fieldP50 implicit time or P50-N95 amplitude. Furthermore, be-
and is known to reproduce considerably well the areas ofause NFL thickness did not correlate with PERG N35-P50
thinner papillary rim in glaucoma. amplitudes, this suggests that not every P50 component
On OCT scan, the mean IOP between the study grouparises from the innermost retinal layéfsThese results may

was superimposable (see Table 1). Therefore, we can ruleave a possible explanation if we consider that the transient
out any possible I0P-induced bias in the OCT readingPERG to checkerboard stimuli is a complex response, with
procedure between normal and glaucomatous eyes. In ththe contribution of both contrast- and luminance-sensitive
glaucomatous eyes, we did not find a correlation betweenetinal generators (ganglion and preganglionic cefts).

NFL thickness and age, and this may result from the NFL Following this line of reasoning, we chose to adopt the
reduction induced by both disease and age. response to 15-minute checks as the most sensitive index of
The wide range of NFL readings observed in glaucomainner retinal dysfunction. The P50 implicit time and the
tous eyes provided enough heterogeneity to perform corred?50-N95 amplitude were considered as those PERG param-
lations with electrophysiologic analysis. The scatterplotseters that could be more accurately related to the NFL

shown in Figure 2 indicate a high degree of correlationthickness.

between the NFL thickness and the PERG response. A The relationship observed between PERG responses and
similar correlation was observed in humans with multipleNFL thickness found in our glaucoma patients confirms
sclerosigi* In this study, a significant correlation between previous results obtained for multiple sclerosis patiéfits,
NFL thickness and PERG P50 implicit time or the P50-N95thus indicating that the integrity of ganglion cell fibers is
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essential for the generation of a normal PERG response.
This evidence agrees with available studies carried out by
Maffei and Fiorentin?* who showed that PERG originates
from the innermost retinal layers (ganglion cells and their
fibers).

In OAG eyes, we observed delayed VEP P100 implicit
times and reduced VEP N75-P100 amplitudes, and this is in
agreement with previous studies:1619-23Nevertheless,
the correlation between VEP and NFL thickness did notyq.
reach statistical significance.

The lack of correlation between NFL thickness and VEP
responses could also be explained by considering that VEIPL.
responses depend on the magnitude and timing of afferent
inputs to the visual cortex and result from both retinal
activity and neural conduction along the postretinal visuall2:
pathways. Previous electrophysiologic eviderf¢e?®indi-
cated that the impaired VEP responses observed in gla‘L:i—3
coma patients could be ascribed to impaired neural conduc-
tion in the optic nerve and in the whole postretinal visual
pathways as a consequence of the dysfunction of the innefy
most retinal layers. Additional postretinal factors could then
contribute to the observed reduced magnitude and delayed
timing of the input to the visual cortex. Interestingly, struc- 15.
tural and functional damage in the dorsal lateral geniculate
nucleus of persons or animals affected by well-documented
glaucomatous optic neuropathy has been recently report6.
ed?*=47 An impairment at the dorsal lateral geniculate nu
cleus level could cause functional changes in those cells that
produce the visual cortical evoked responses; this is likely
to be related to the delay and to the reduction of the VE
responses observed in our glaucoma patients.

In conclusion, our results indicate that there is a corre-
lation between PERG changes and NFL thickness, but thergg
is no detectable correlation between VEP changes and NFL
thickness in patients affected by OAG.
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