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Abstract
Objective—Our goal is to determine if aging and Alzheimer’s disease (AD) have distinct effects
on visual cortical motion processing for navigation and steering.

Methods—We recorded visual motion event related potentials (ERPs) in young (YNC) and older
normal controls (ONC), and early AD patients (EADs) who viewed rapidly changing optic flow
stimuli that simulate naturalistic changes in heading direction, like those that occur when
following a path of self-movement through the environment. After a random series of optic flow
stimuli, a vertical motion stimulus was presented to verify sustained visual attention by demanding
a rapid push-button response.

Results—Optic flow evokes robust ERPs that are delayed in aging and diminished in AD. The
interspersed vertical motion stimuli yielded shorter N200 latencies in EADs, matching those in
ONCs, but the EADs’ N200 amplitudes remained small.

Conclusions—Aging and AD have distinct effects on visual sensory processing: aging delays
evoked response, whereas AD diminishes responsiveness.
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INTRODUCTION
Visuospatial processing deficits contribute to the disabling navigational impairments seen in
the earliest stages of AD [1, 2]. The disabling nature of these deficits [3, 4] justifies our
considering visuospatial deficits with the same weight afforded to the verbal memory
deficits that more commonly define AD.

The early stages of AD are often preceded by isolated verbal or visuospatial impairments
[5]. This is recognized in the syndromic differentiation of amnestic and non-amnestic MCI
[6, 7]. Such syndromic sub-types likely correspond to neuropathological variants with early
signs of AD in either mesial temporal or extrastriate occipital cortices [8, 9].

We previously found a continuum of visuospatial perceptual deficits that extends across
cognitive aging and AD [10, 11]. This continuum of deficits corresponds to gradations of
impairment in the interpretation of navigational cues [12] related to real world navigation
[13].
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We have now used radial motion, optic flow to evoke scalp-recorded event related potentials
(ERPs) synchronized on the onset of the motion [14, 15] (see Methods, Neurophysiological
Recordings) to probe the cortical neurophysiological mechanisms of aging and AD related
visuospatial processing deficits. These studies reveal evidence of distinct neural mechanisms
underlying the visuospatial processing deficits in aging and AD that may be useful in
distinguishing between these conditions.

METHODS
Subject Groups

We studied young (YNC) and older (ONC) normal control subjects and patients with early
Alzheimer’s disease (EAD) with normal, or corrected to normal, vision: YNCs were
undergraduate students, ONCs were either our patients’ spouses, or subjects recruited from
healthy aging programs, and EADs were from the University of Rochester’s clinical
programs with functionally significant memory impairment as documented by history and
testing, and examination evidence of aphasia, agnosia, apraxia, inattention, or executive
incapacity, and met NINCDS-ADRDA criteria for probable AD [16]. All subjects provided
informed consent prior to enrollment, and all procedures were approved by the University’s
Research Subjects Review Board.

Neurophysiological Experiments
All neurophysiological testing was controlled by the REX (real-time experimental) system
[17] running on RTOS-QNX system for PCs. This allowed control of stimuli and displays,
monitoring of eye position, and creation of data files. Subjects sat facing a rear-projection
tangent screen’s 60° × 40° image while maintaining centered fixation (+/-10°) on a spot at
the center of the screen. Eye and head position were monitored using infrared oculometry
(ASL, Inc.). Subjects used their left and right index fingers to press an upper or lower
button.

Simulated Optic Flow Stimulus Paradigm
VMERPs were recorded in a direction change paradigm in which a series of 9 to 15 radial
optic flow or random dot motion stimuli were presented for 500 ms per stimulus (Figure
1A). The radial optic flow included five different heading directions simulated by radial
foci-of-expansion (FOEs) arranged along the horizontal meridian at eccentricities of: −60°,
−30°, −60°, +30°, +60° (Figure 1B). All optic flow stimuli were presented at 100% motion
coherence with an average dot speed of 31°/s. The interleaved random motion stimuli
matched the radial optic flow but for the randomization of dot re-location yielding 0%
motion coherence.

Stimulus trials began with a black screen with a red dot for central fixation, followed by a
random series of optic flow and random motion stimuli. All trials began with random motion
and continued for a randomly selected 9 to 15 stimuli before ending with a vertical dot
motion stimulus. The vertical motion cued the subjects to make a push button response to
focus their attention on the stimulus stream. Subjects pressed the more distant of two buttons
for upward dot motion and the closer of the two buttons for downward motion. These
responses provided measures of the subject’s sustained attention during recording sessions.
An audible tone was sounded if the subject failed to respond to the vertical motion within 5
s, to alert the subject and experimenter.

Optimization of serial stimulation was accomplished by using Kautz random sequences [18,
19] with a repetition span of s*(s−1)(q−1), where s is the number of test stimuli (6 = 5 optic
flows plus random motion) and q is the sequence’s memory span (3 in this experiment).
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Neurophysiological Recordings
We used NeuroScan Labs (Neurosoft, Inc.) equipment, and electrode caps (Quik-Cap;
Compumedics Neuroscan) to record scalp EEG at a sample rate of 500 Hz with 32 bit
resolution. The electrode montage conformed to the International 10–20 System with an
additional 13 electrodes. Impedances were maintained below 5 kΩ per channel, balanced
within 2 kΩ across channels, and low and high pass filters were set at 100 and 0.1 Hz,
respectively, with a 3 dB cutoff and a roll-off of 12 dB per octave at both sides.

Scan 4.3 (Neurosoft, Inc.) was used for off-line analysis, including ocular artifact reduction
(ARTCOR) and band-pass filtering (0.1 and 50 Hz) with visual artifact rejection. The
averaged response were used to identified and measured waveform components for each
subject, electrode, and stimulus condition. Resulting peak amplitudes and latencies of each
component from all recording sites were entered in to mixed measures ANOVA designs
with group (YNC, ONC, and EAD) as a between subjects factor, and levels of each
condition as a within subjects factor, followed by post-hoc Tukey’s Honestly Significant
Differences (THSDs) analyses. [SPSS 2010]

RESULTS
We recorded visual motion ERPs to heading direction changes simulated by radial optic
flow from 15 YNCs, 15 ONCs, and 12 EADs. These subject groups show differences on
neuropsychological tests consistent with EADs’ impairments on all but the line orientation
and face processing tests. YNCs and ONCs differ only by age. (Table 1)

Optic flow ERPs were most consistent at CPZ and we focused on that lead. Group effects on
latency (F2,36 = 26.812, p < .001) reflect earlier responses in YNCs than ONCs or EADs.
Group differences in optic flow onset N200 amplitudes (F2,36 = 3.392, p = .045) reflect
larger responses in YNCs and ONCs than EADs. (Figure 1)

Successive optic flow stimuli evoke smaller N200s (F2,72 = 23.07, p < .001), without
stimulus order by subject group interactions. Successive stimuli also delay N200s (F2,36 =
17.46, p < .001), with ONCs and EADs being more affected than YNCs. There are no
heading eccentricity, or eccentricity by group interactions, on N200 amplitude or latency.
Thus, all heading directions yield similar responses that are delayed in ONCs and
diminished in EADs.

Each trial’s random number of interleaved random motion and radial motion stimuli finished
with a vertical motion stimulus (Figure 2A). The vertical motion cued subjects’ to press an
up or down button indicating the direction of the vertical motion and verifying attention to
the stimuli.

The button press data were used to calculate each subject’s percent detection and response
times. Vertical motion catch trial response times are slower in EADs than in YNCs (F2,36 =
4.71, p = .016; Figure 2B, left) with percent catch trial detection being higher in YNCs than
in EADs (F2,36 = 6.56, p =.004; Fig. 2B, right).

N200s from the vertical motion stimulus, and its catch trial task (Figure 3A), show shorter
latencies (F1, 36 = 4.29, p=.046; Fig. 3B, left) and larger amplitudes than those to radial
motion (F1, 36 = 33.04, p<.001; Fig. 3B, right). The shorter latencies to vertical motion
suppress group differences (F2,38 = .97, p=.39). However, EAD’s vertical motion N200s are
much smaller than those of YNCs or ONCs, more significantly (F2, 38 = 8.12, p = .001)
than with radial motion.
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The vertical motion ERPs show two additional components in ONCs and EADs: N2bs that
are delayed in EADs compared to ONCs (F1,26 = 9.34, p=.004). P300s that are delayed
(F2,38 = 9.04, p=.001) in ONCs and EADs, and diminished in EADs (F2,38 = 4.55, p=.
017).

We assessed the behavioral relevance of the three vertical motion ERP components of ONCs
and EADs using stepwise multiple linear regression of vertical motion response times and
percent detections. In ONCs and EADs, vertical motion response times relied only on N2b
amplitudes (F1,26 = 7.26, p=.012, βstd = .47). In contrast, vertical motion percent detections
relied only on N200 amplitudes (F1,26 = 14.43, p=.001, βstd = .60). This implies that the
effect of aging on response times is mainly related to attentional factors, whereas the effect
of AD on motion detection is mainly related to sensory responsiveness.

DISCUSSION
Optic flow simulating observer self-movement evokes robust posterior ERPs that reflect
dorsal extrastriate cortical specialization for the representation of heading direction [20, 21].
We find comparable N200 response amplitudes and latencies to a variety of heading
directions (Figure 1A–B), consistent with a homogenous distribution of heading directions
among neurons in dorsal stream cortex [22, 23].

These findings suggest an unbiased representation of heading directions, so that no direction
is more readily seen than any other. It also suggests close parallels between ERPs and
underlying cellular mechanisms of visual motion processing for heading representation,
navigation, and steering in dorsal extrastriate cortex. This is consistent with the initial
emergence of cortical dysfunction in areas other than those linked to verbal memory, that is,
beyond mesial temporal structures [9].

Optic flow ERPs reveal clear distinctions between the physiological impact of aging and
early AD. The most robust differentiation of aging and AD effects in optic flow ERPs is that
aging delays N200 responses, whereas AD reduces N200 amplitude (Figure 1C). These
effects belie the apparent continuum of functional impairments of optic flow based heading
perception and navigation across these subject populations [10, 13].

The delay of N200 responses in ONs is consistent with decreased cortico-cortical
conduction velocities in aging, the underlying mechanisms likely relating to aging-related
changes in cortical white matter integrity [24, 25]. Diffusion-tensor MRI has provided new
evidence of such changes [26] [27], and we have previously correlated DTI-MRI measures
of white matter dissolution to optic flow perceptual impairments [28]. Still more severe
white matter changes are seen in AD [29] [30], potentially creating virtual cortico-cortical
disconnection [31] that could contribute to the loss of function seen in AD, and evidenced
by the loss of neural responsiveness in these studies.

Our findings are consistent with earlier results on the effects of motion speed and coherence
on optic flow N200s [32]. In the earlier work, we found that motion speed has little effect on
responses in YNCs, ONCs, or EADs. However, reducing optic flow coherence by adding
randomly moving dots, increases the latency and decreases the amplitude of N200s in all
subject groups. Together, these studies suggest that optic flow responses are maintained
across naturalistic self-movement cues such as heading and speed. In contrast, the less
naturalistic motion incoherence cue degrades optic flow responses in a manner that imitates
aspects of aging and AD. The apparent additivity of motion noise and aging effects supports
the view that aging and AD increase the intrinsic noise in cortical processing [33].
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Vertical motion stimuli yielded N200s with shorter latencies than those evoked by radial
motion, which is consistent with dorsal extrastriate organization. Planar motion activates
middle temporal cortex (MT), which projects to radial motion centers in posterior parietal
areas [34, 35]. The ~4 ms difference between planar and radial N200 latencies in YNCs
matches the latency of cortico-cortical conduction between neurons in adjacent visual areas
[36]. The successively larger differences between planar and radial N200 latencies in ONCs
(~12 ms) and EADs (~25 ms) suggest declines in cortico-cortical conduction velocities [31]
[30].

Vertical motion, linked to the catch trial detection task, also yielded N200s with larger
amplitudes than those evoked by radial motion. We previously found that planar motion
evokes the same amplitudes as radial motion [37], prompting us to attribute the larger planar
motion N200s in these data to the concurrent behavioral task. This is consistent with
enhanced cortical neuronal responses to motion stimuli that are linked to behavioral tasks
[38, 39]. Thus, the absence of larger vertical motion N200s in EADs suggests that AD
impairs task-related response enhancement.

The absence of task enhancement in EADs may be linked to the delay of late ERP
components. The vertical motion N200s of ONCs and EADs were followed by N2b and
P300 responses (Figure 3). The N2b is thought to reflect top-down activation related to
attentional orientation to a task [40], with the subsequent triggering a behavioral response
reflected in the P300 [41]. The substantial delay of the N2b in EADs may prevent its
additive interactions with the N200. The more synchronous N200 and N2b of ONCs, and the
indistinct (possibly synchronous) waveforms of YNCs, might be a source of N200
enhancement in those groups. Likewise the distinctly delayed N2b of EADs could account
for their lack of N200 enhancement in the vertical motion catch trial responses, and their
impaired performance in the motion detection task.

The suggestion that delayed top-down enhancement of motion evoked N200s plays an
important role in AD effects is supported by parallels between our behavioral and
neurophysiological findings. Vertical motion behavioral response times increased with
aging, but only EADs showed impaired detection (Figure 2). Likewise, aging increased
N200 and N2b latency, the latter being linked to delays in our data. In contrast, only the
EADs showed the reduced N200 amplitudes that were linked to poor performance in our
detection task.

Thus, our findings link age-related delays in a behavioral tasks [42] to prolonged ERP
latencies [43], and AD related perceptual impairments [44] to reductions in ERP amplitudes
[45]. As a result, we must conclude that aging and AD are distinguishable processes. This
leads to the critical question of whether AD represents a separate process that is
superimposed on aging, or an extension of the aging process that is caused by aging. If the
latter is the case, neurophysiological studies may define a sub-group of our older adults who
are at immediate risk of progression to AD and the best population for the study of
potentially disease altering interventions.
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Figure 1.
Optic flow stimulus paradigm and ERPs of YNCs, ONCs, and EADs. A. Visual stimuli
consisting of random dot kinematograms were projected on a screen, while central visual
fixation was maintained. Each trial began with 500 ms of random dot motion followed by a
randomized sequence of 9 to 15 stimuli. Each 500 ms stimulus consisted of random motion
or radial optic flow patterns with either centered or laterally displaced focus of expansion
(FOE) simulating different heading directions. B. We tested five possible heading directions
as determined by the location of the radial motion FOE. YNC and ONC subjects showed
robust N200 responses to OF stimuli that occurred first after random motion (OF onset),
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with EAD subjects showing only small N200s. C. Group averages of peak amplitude and
latency of N200s evoked by OF onset reveal distinct aging and disease effects. While N200
latencies are prolonged in aging (p < .001), their amplitudes are only diminished in AD (p= .
045). The location of the FOE at OF onset did not generate any significant difference in
response amplitude or latency for any group.
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Figure 2.
Vertical motion, catch trial stimuli and behavioral task performance. A. Catch-trial stimuli
consisting of vertically moving dots were presented at the end of each trial sequence, and
cued subjects to make an up or down button press response based on the direction of planar
motion. B. Button press data were used to measure catch trial performance. Response times
differentiated only the YNC from EAD (p= .016), while the percentage of detected catch
was significantly lower in the EAD group (p= .004).
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Figure 3.
Vertical motion ERPs to catch trial stimuli and comparisons to radial motion responses. A.
Responses evoked by detected catch trials revel three distinct wave components: a larger
N200 wave, followed by a smaller N2b that is absent in YNCs, and a late P300. Vertical
motion evokes N200s of equal latency in all groups, but of significantly smaller amplitude in
EADs compared to ONCs (p= .01). The N2b component is delayed in the EAD (p= .009),
and the P300 is delayed (p=.001) in ONCs and EADs, and diminished in EADs (p=.017). B.
N200 responses evoked by planar motion catch trials are faster (p=__) in all groups,
suppressing the age-related latency effect seen with optic flow. Planar motion also evokes
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larger N200s in all groups (p< .001), but this enhancement effect was much smaller in the
EAD, making the AD-related amplitude effect more significant (p= .001).
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Table 1

Demographic and neuropsychological characteristics of the three subject groups. Two-way ANOVA revealed
significant group differences in all parameters (multivariate F18, 43 = 2354.29, P < .001; univariate P values
in right column). Post-hoc tests of group differences for each test (Tukey’s Honestly Significant Differences,
THSD, p < .05) define the frames that enclose groups that were not different.

Nauropsychological Profiles

Subject Group (n, % male

Test
mn (se)

YNC
(15,47%)

ONC
(15,33%)

EAD
(12,58%) p value

Age 26.00 (1.34) 75.07 (2.37) 78.42 (2.51) < .001

MMSE 29.60 (024) 29.00 (0.31) 25.50 (0.67) < .001

Road Map 30.00 (0.89) 29.27 (0.81) 25.33 (1.12) =.003

Line Orient 26.60 (0.78) 23.67 (1.06) 22.00 (2.21) =.068

Facial Matching 47.60 (1.01) 46.47 (0.93) 44.75 (2.03) =.334

Figural Memory 8.53 (0.35) 7.20 (0.37) 5.17 (0.46) < .001

Verbal Recall 20.67 (0.50) 17.60 (0.91) 11.42 (1.59) < .001

Delayed Recall 7.80 (0.11) 6.87 (0.32) 4.08 (0.54) < .001

Animal Naming 24.13 (1.62) 20.40 (1.63) 12.75 (0.91) < .001
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