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INTRODUCTION

Although there is ample psychophysical evidence suggesF
ing that distinct mechanisms are involved in processing
first- and second-crder visual motden (for recent reviews
see [1,2]) recent neurophysiological studies revealed that
nenrons responding to both first- and second-order motlon
are ubiquitons In the visually responsive cortex. Cells in

V1 [3], V2 the middle temporal area (MT) and its naighbors.

{e.g. M3Td) [4-6] and the inferior temporal lobe (IT) [7] of
the macaque respond to both first- and second-order visual
stimuli, Only a minority of cortical neurons, however,
appear to respond to second-order metion which may
account for the fact brain lesions appear to be more
damaging to second-order than to fivst-order mechanisms
[8--1(]. There is only one example to date of a selective
impairment of first-order motion, which is based on
lurninance contrast and not on texture contrast [11]. In this
stucly the patient had a small medial lesion of one occipital
lobe, tentatively localized to area V3 with possible involve-
ment of the area V2. In the present investigation we repeart
the results of similar tests on a patient whose unilateral

lesion is even smaller and can be quite confidently loca-
lized to area V2 and which does net extend sufficiently
into white matter to interrupt the projections from V1 to
the motion area MT/V5. :

THE PATIENT

Patient TF is a 60-year-old, rghthanded, university-
educated man who suffered a mild infarct involving part
of his medial right occipital lobe, documented by CT
without contrast. Neurological examination revealed no
motor, language or cognitive deficits. The patient resumed
full-ime work a few weeks after the stroke. However,

- because he sensed his visual perception ¢ weeks after the

infarct to be abnormal he underwent a detailed neuro-
ophthalmological examination. Vizual acuity was normal
(OD: 20/20 and OS; 20/30), as were intraocular pressures,
pupillary response, eye movements, anterior scgments,
macula and retinal periphery in both eyes. There were no
asyrmmetries in optokinetic nystagmus. However, both
static and dynamic Goldmann perimetry revealed a left
inferior homonymous quadrantanopia whose inner border
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was from 20 to 30° away from the cendre of the visval field,

consistent with his occipital lobe lesion above the calcarine

fizsure. The entire neurc-ophthalmological examination
was repeated 6 weeks later, by which time TF had full
visual ficlds, Howovor, he still reported some peculiarity of
his vision in the former scotoma, namely that perception of
motion in the left inferior quadrant was altered although
gtatic form and colour vision were normal. TP then ex-
pressed keenm interest in exploring the nature of his
gelective perceptual deficits and gave informed consent
according to the Boston University Human Subjects Com-
mittee and the Brigham and Women Hospital Human
Subjects’ Commitiee for psychophysical evaluation of his
visual impairment and for obtaining a high resolution MRI
scan of the brain. His performance on psychophysical tests
of colour, form and spatial discrimination was normal.
However, he was selectively lmpaired on most visual
motion tasks for sHowl presented in the left inferior
quadrant of his visual field,

I this study we first compare TF's ability to discrimi-
nate direction and speed of motion and to perceive direc-
tion or detect discontinuity in noisy motion stimuli
Second, we compare his direction discrimination ability in
first- and second-order local and global motion displays.
The rationale for selecting these particular tests is that TF's
legion is similar to that of the, until now, unique patient
RA [11,12]. Like TF, RA was selectively impaired on a
broad range of Arst-order motion tasks, but his perform-
ance was normal on all second-order motion tasks we
employed. However, TF's lesion is significanfly amaller

and better localized to a particular part of the extrastriate

visual cortex.

The lesion: MRI of the brain, without i.v. contrast, were
obtained with a 15T GE Signa System. Saggital T-1
weighted images, with 4mm slices and 1mm gap, and
consecutive axial proton density regular spin echo images,
with 3mm slices and no gap, were obtained. An additional
124 coronal slices, 1.5mm thick and no gap, were obtained
by spoiled-gradient-echo acquisitions as described in detail
in Vaina ef al. [11]. Since TF's lesion was o small and
maostly cortical it was appropriate to attemnpt to describe ita
location in a standardized anatornical framework, Accord-
Ingly, we performed a Hnear registration of the structural
MEI data in Talairach space [13] by first using Medx
neurcimaging software [14] to convert the individual slices
into a 3D volume and then converting the raw imaging
data into the conventional MINC format (Medical Image
MNet(’DF). Subsequently we used the Montreal Neurological
Institute Automated Linear Registration Package (MNI
AutoReg) to transform points in the MRI space into
Talairach space. The MNI AutoReg uses a completely

amtomatic method based on mmulti-scale three-dimensional -

cross-correlation to register a given brain to the é.irerage
MRI of 305 brains alignied with the Talaraich stereotaxice
coordinate system [15]. An example of the visualisation of
registered data for TF is shown in Fig. 1. The left column
illustrates axial, saggital and coromal slices through the
infarct, the middle column shows corresponding slices
from the reference average brain used for registration, and
the right column shows the superimposition of the respec-
tive shees. TPs lesion iz unnsually small, but could be

followed across four consecutive slices; x=11-13, y=—67
o —73, and z=15-24.

Anatomically (with the aid of the Talairach Daemon
software hitp:/ /ric.uthsesa.edu/projects/talairachdaemon.
html) the Talairach coordinates of the lesion correspond to
a small medial region in the right occipital lobe, centered
in the cunens and Brodmann area 18, and lying just above
the calcarine fissure In what. is almost certainly V2 but
perhaps slightly encroaching on V3.

PSYCHOPHYSICAL METHODS AND RESULTS

Apparatus and procedures: The apparatus and psycho-
physical procedures are only briefly summarized here,
Details are provided in Vaina et al. [34]. The dizplays were
generated and the responses collected and analysed using
a PowerMac computer. The stimull were presented in the
centre of a colour monitor (Apple Trinitron 0.25mm pitch;
13inch; 640 x 430 pixels; viewing area 235 » 176 mm; verti-
cal ecanning frequency 66.7 Hz and F22 phosphor, 256 grey
levels), Each motion display was generated by a rapid

sedquence of static frarnes. In all copditions, each test-frame

lasted 45 ms and stimuli were displayed for 22 frames (1s),
In all the tests employed the stimulus speed was 3deg/s.
Except where stated otherwise, dot density was 2 dots/
deg?, the mesn luminance of the stimulus area was -
~0.51 cd/m? and of the background 0.23¢d/m2 The diffi-
culty of the tests was titrated by an adaptive staircase
procedure described in Vaina et al. [10] which was used to
determine each subject’s threshold, computed as the arith-
metic mean of the last six reversals. The y axis of each of
the data graphe in Fig. 2 and Fig. 3 indicates for each test
the specific parameter whose values were varied using the
adaptive staircase procedure, '

Testing took place in a dark room, in which the only
flhamination came from the computer monitor. After Smin .
dark adaptation, subjects received practice trials of varying
difficulty which ensured that they understood the task.
Between trials subjects viewed the uniform blank screen,

" except for the dark fixation mark. Throughout the frial and

testing periods subjects eat 60cm from the screen’ and
binocularly fixated a small black mark to the left or right of
the imaginary border of the simulus aperture and posi-
tioned such that the stimmuilng was presented at 2° eccen-
tricity to the left or right inferior quadrant of the visnal
field, just below the horizental meridian. Subjects re-
sponded verbally and the examiner entered the response
via the computer keyboard. In Fig, 2 and Fig. 3 filled circles.
show the data from stimuli presented in the right loveer
visual quadrant (RIQ) and unfilled circles show the results
for stimti presented in the lower left visual quadrant
(LIQ).

Direction discrimination; The display was a sparse ran-
dom dot kinematogram in a circular aperture 10° in
diameter. All the dots moved upwards but at a variable
angle to the left or right of true vertical (Fig. 2a), indicated
by a vertical line 0.5° above the display. In a 2AFC
procedure subjects were asked whether the dots moved o
the right or the left with respect to the vertical Line. Figure
2b shows that in his right lower quadrant, TF's threshald
was similar to that of four age-matched control subjects,

1040  vol {1 Ne 57 Apl 2000



" A LESION OF CORTICAL AREA V2 SELECTIVELY

“~ NEUROREPORT

=

Fig. 1. The registratlon in Talairach coordinates of the brain lesion in patient TF, (a) Stices of TF's brain threugh the centre of the lesion in adal,

saggital and coronat planes. (b) Corresponding stices from the MNI average brain (prepared frem 305 different brains). (€) The patient's brain
superimposed on the average brain. The size of the lesion, p, determined by p=+/Ax? + Ay? + Azl where Ax, Ay, Az are it length in thres

dimensions, is p= 1 1.2 mm,

but in his left lower quadrant there was a roughly four-
fold increase in threshold, '

Speed discrimination: Random dot kinematograms were

presented in two circular gpertures, each 10° in diameter,
one displayed 500ms after the other (Fig. 2c). In each trial,

the dots within each aperture moved at the same speed in
random directions but at a different gpeed in the two
mtervals. The standard speed of 3 deg/sec, presented in
one or other aperture at random, varied randomly from
trial to trial by £ 20% to deter subjects from trying to judge
speedd by distance travelled. The speed in the other
aperture was titrated downwards, starting at 6deg/s.
Fig. 2d shows that TH's speed discrimination threshold was
dotbled in his left lower quadrant in comparison with
seven age-matched control subjects but was tripled in
comparison to his threshold in his intact right lower
quadrant, where he performed better than the majotity of
the control subjocts.

Motion eoherence: The stimuli (Fig. 2e) were stochastic
random dot kinematograms with a coherent motion direc-
ton signal of variable strength (signal dots) embedded in
masking motion noise (noise dots), presented in a 10°
diameter circular aperture. In a 4AFC tasks subjects were
asked to determine whether Lhe global motion &f the
display was to the left, right, up or down. Figure 2f shows
that in his impaired left lower quadrart TF's coherence
threshold was more than three times greater than in his
right lower quadrant, where his performance was no
different from that of five age-matched control subjects.

Motion discontinuity: The stimulus was similar to the
previous one (motion coherence) except that in half of the
trials the display appeared bisected by an illusory line of
variable orientation (as shown in Fig. 2g). Within each
semicircle the direction of the eoherent motion was either
upward or downward, and it was opposite to that in the
other semicircle thus giving the vivid impression. of a

Vol [T Na57 Aprit2o00 1041



.
L M. VAINAET AL

MEUROREFORT
{a) o &) B o RIG (EY (b)
= | aun i
*.g ] S :
e
o
. \E El= .
s @@
9 Controls  TF
‘ (=4 ‘
(O B CUR P {0) ‘ {d)
0 : i | First Ordar Second Order
g 40— 75 , <
; : 0 RIQ H
5 = s LUQ|- ;
1T ﬁ o sl | !
[ o '
‘ . ‘ ‘ : .
. 07 Controls  TF E E
=7 g st
— & *
. O ,
o 400 ‘ :
;L H 0 ‘ f
a2 1 . - Controls T Conmrols  TF
8 ¥ - (n=23) (nm23)
# — ! ﬁi o
Qb= Flg.3. Schematic of the display used 1o measure direction diserimina.
Cenwrals  TF .tion in textured random dot kinematograms. In (&) the motlon is flrst
{n=35 order: a group of micropatterns differing from the background in
m luminance is shifted eoherently to the left or to the right. In (b) the
‘ . ¥ motion i§ secohd-order; the shifting micropatterns differ from the
g 40— ‘ - baclegraund I conwast but in mean luminance. (c.d) Performance of TF
P R and. control subjects on the two tasks for stimuli presented in the
- g ‘ ‘ g inferior quadrants. TF was impaired in his left visual quadrant for the
- (S..IC' — % - E first-ordaer stimuus but not for'the eecond-order stimulus. .
a2 ) ‘ .
0 leftward or rightward direction of the stimulus {textured

Controls TF

(h = 7)

Fig. 2. The figures on the left represent schematically the stimull used
in the fallowing tests: A: direction discrimination; C: speed discrimination;
E: motion coherence and G: motion discontinuity. On the right are the
results for each test from age marched normal control subjects and TF.
The open circles represant the rasults for stimuli prasentad in the right
infarior quadrant, and filled cireles the results for stimuli shown in the
left inferior quadrant Mote dhar TF was selactively impaired on all theze
tests for stimuli presented In the left Inferlor quadrant corresponding to
hiz right medial eccipitzl lesion,

bisecting line. The subjecis had to indicate whether the

moving display was homogeneous or not. Using the

adaptive staircase procedure on the level of coherence, the
test automatically caleulated the threshold of proportion of
signal dots necessary for subjects’ discrimination between
homogeneous motion and presence of a discontinuity.
Figure 7h ghows that in his impaired lower left quadrant
TF's threshold was about double that in his right quadrant
or in efther quadrant of seven control subjects. '

Damax v first- and second-order motion: D-max, or
maximum displacement, corresponds to the maximum
jump between frames that allows subjects to perceive the

pattern). The display subtended 10 x10deg arc, and was -
divided into a notional grid of 38 < 38 blocks, each consiat-
g of a dense random dot microtexture (Fig. 3ab), The
dots defining the microtextures were evenly distributed on
or off, ag represented by different gray levels. Because the
random reassignment of the on and off state of a dot in the
background and tokens the whole stimulus appeared to
flicker. On each trial 42% of the blocks, randomly assigned
and called token-blocks, moved left or right while the
remaining 58% constituted the backgrowund. The mean
luminance of the background was 9.5¢d/m? with mean
contrast of 0.2.

Depending on the luminance and contrast ratios be-
tween the blocks and the background there were two test
conditions: (1} first-order motion (Fig. 3a), in which a block
differed from the background in mean luminance (123 pg
9.5cd/m* but not mean contrast (which was kept at
congtant 0.2); (2) second-order motion (Fig. 3b), in which a
block differed from the background in mean contrast (0.6
vs (12) but not mean luminance, The motion display -
consisted of two successive 45ms frames with zero inter-
frame interval and the spatial pattern of texture defining
the tokens and the background vazied randomly from
frame-to-frame. The size of the step of the displacement
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was varied from frial to frial using the adaptlve staircase
Frocedure,

Figure 3c shows that for the first-order motion stimutus
in the right lower quadrant T8s D-max was little different
from that of the two control subjects, whereas in his
impaired lower left quadrant his T>max was mere than
halved. His performance, however, was normal in both left
and right inferior’ quadrants for second-order motion
stimuli (Fig. 3d).

Direction discrimination I flrst- and second-order global
- motion: The display, shown in Fig. 4ab, was like that
used to measure D-max but the strength of the motion

signal was systematically varied by changing the propor-
tion of token-blocks that moved in the same direction, left

or right. The remaining moving blocks appeared from
frame to frame at random locations, creating the impres-
sion of random textured flicker. Moving block density was
2 blcck&./deg and gpeed was 3deg/s. The mean hami-
nance of first-order blocks was 12.3cd m? and contrast was
0.2, while the mean luminance of second-order blocks was
9.5 ed m? and contrast wae 0.6. The stimulus was presented
for twelve 45ms frames, with zero interframe interval.
Figure 4c,d shows that although TF was not impaired on
the second-order motion stimulus, his threshold for dis-
(riminating the direction of first-order global motion was
increased by 4-fold in his left lower quadrant compared to
his performance in the right inferior quadrant and the
performance of the 17 normal control subjects,
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Fig.4. On the zop are shown schematic views of the flrst-order
meotion coherence task (a) and the second-order motion coherence task
{B). On the bottem, (&) and {d) show the threshold coherence necessary
T reliably perform these tasks from control subjects and TF. Mote that
compared 1o the normal controls, TFs performance on the first-order
task was impaired for stimulus presentation in his left inferior quadrant,

DISCUSSION

We found that TF, a patient with a small (about 11 mm)
infarct in the medial superior occipital lobe, could not
process first-ordetr motion normally in his left lower visual
quadrant. The result confirms our earlier findings [11] in a
patient with a larger lesion. By co-registering the structural
MR images and a standardized brain (using the Montreal
Neurological Institute atlas) and determining the co-ordi-
nates of the lesion in Talairach space it was pogsible to
localize the lesion, perhaps exclusively, to upper VZ,
corresponding to the left lower visual quadrant, It was
argued by Horton and Hoyt [16] that quadrantic field
defects whose horizontal border respects the horizontal
retinal meridian, as in patient TF before his quad:antanow
pia resolved, probably reflect damage to V2, which is
respectively divided above and below V1 into an upper
and lower representation of the two contralateral retinal
quadrants, However, the two patients studied by Horton
and Hoyt had long-lasting and dense quadrantic field
defects that reached or almost reached the fovea whereas
TH's scotoma was restricted to eccentricities well beyond
the macula and rapidly resolved. The likely explanation for
the difference is that in TF there was no or only short-
lasﬁng damage 0 adjacent V1, as also indicated by the MR
images.

From the lesion analysis it appears that the direct
projeclion from V1 to MT suggested to provide the neural
circuifry for the early cortical stages of first-order motion
[17] was normal in TF, while the projection from V1 to MT
via V2, assumed to mediate the second-order motion path.
way [17] was disrupted. This model is inconsistent with
the paychophsyical data presented here which showed that
TH's performance was impaired on some first-order motion
tasks but notmal on second-order moHon, While the
clagsical miedels of early diverging parallel pathways
selectively mediating these two types of motion cannot
explain TF's data, they can be accounted for by the recent
model of Clifford and Vaina [1]. In this model a first-order
channel computes motion at ¢oarse and fine scales, and a
secomid-order motion channel operates at the coarse scale.
In the context of this model, TF's performance may be
viewed as disabling the fine scale of first-order motion
processing which results in his impairment on diserimina-
tion of direction, speed and motion-defined discontinuity.
However, the operating coarse channel would explain his
normal performance on the second-order stimuli and the
fact that he is not blind to the other motion tasks reported
here. Could the coarse molion channel be mediated by the
pathway V1-dV3—MT [18]7 A recent fMRI study in normal
human subjects {19] shows that the cortical areas V3, VP
and MT elicit the strongest responses to second-order
motion, and these areas were not involved in TF's lesion,
thus providing an anatomical basis for hic normal second-
order motion perception and for the hypothesis that TF's
motion perception is mediated by the coatse channel of
Clifford and Vaina’s model [1].

CONCILUSION ‘

A patient with unilateral damage to the upper part of
cortical area V2, corresponding to his left lower visual
quadrant was impaired at discriminating the direction of
motion in nofsy first-order random dot displays. As his
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performance was normal for similar digplays involving

second-order motion the result supports the idea of regio-
nal specialization in motmn pmceablng in extrastriate
vigual argas.
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