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Patients with optic ataxia, a deficit in visually guided action, paradoxically improve when pantomiming
an action towards memorized stimuli. Visual form agnosic patient D.F. shows the exact opposite pattern
of results: although being able to grasp objects in real-time she loses grip scaling when grasping an object
from memory. Here we explored the dissociation between immediate and delayed grasping in a patient
(F.S.) who after a parietal-occipital stroke presented with severe left visual neglect, a loss of awareness of
the contralesional side of space. Although F.S. had preserved grip scaling even in his neglected field, he was
markedly impaired when asked to pretend to grasp a leftward object from memory. Critically, his deficit
cannot be simply explained by the absence of continuous on-line visual feedback, as F.S. was also able
to grasp leftward objects in real-time when vision was removed. We suggest that regions surrounding
the parietal-occipital sulcus, typically damaged in patients with optic ataxia but spared in F.S., seem
to be essential for real-time actions. On the other hand, our data indicates that regions in the ventral
visual stream, damaged in D.F but intact in F.S., would appear to be necessary but not sufficient for
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1. Introduction

Lesions to the posterior parietal cortex are typically associated
with optic ataxia (Karnath & Perenin, 2005; Perenin & Vighetto,
1988), a disturbance of visually guided hand movements. Several
studies have shown that the visuomotor abilities of such patients,
in contrast to healthy participants, paradoxically improve when
they are asked to pantomime an action towards memorized stim-
uli (Himmelbach & Karnath, 2005; Milner et al., 2001; Milner,
Dijkerman, McIntosh, Rossetti, & Pisella, 2003; Rice et al., 2009).
In contrast, the visual form agnosic patient, D.F., shows the exact
opposite pattern of results: although being able to act in real-
time, she loses grip scaling when grasping an object from memory
(Goodale, Jakobson, & Keillor, 1994). Structural MRI showed that
D.F. has bilateral lesions primarily affecting ventro-lateral occipi-
tal regions (James, Culham, Humphrey, Milner, & Goodale, 2003).
These observations have led to the conclusion that immediate
real-time actions rely on processing carried out in the dorsal
visual stream (from occipital to posterior parietal cortex) whereas
memory-guided actions make use of a perceptual representation of
the stimuli generated by the ventral visual stream (from occipital to
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inferior temporal cortex; [Goodale et al., 1994; Goodale, Westwood,
& Milner, 2004; Milner & Goodale, 2006]).

In addition to optic ataxia, visual neglect is frequently observed
after lesions in the parietal lobe (Mort et al., 2003). Patients with
neglect typically present with loss of awareness in the contrale-
sional side of space and their lesions most frequently overlap in
the inferior parietal lobe (Mort et al., 2003) and/or superior tem-
poral gyrus (Karnath, Berger, Kiiker, & Rorden, 2004). Although it
has been suggested that such patients exhibit visuomotor deficits
(Coulthard, Parton, & Husain, 2006) the impact of neglect on action
tasks has been a hotly debated topic in the last decade (Coulthard
Parton, & Husain, 2007; Himmelbach, Karnath, & Perenin, 2007).
Very briefly, while some authors argue that lesions in the infe-
rior parietal role lead to motor impairments in neglect patients
(Mattingley, Husain, Rorden, Kennard, & Driver, 1998), others argue
that even severe neglect patients in the acute stage of their stroke
can accurately reach to a target presented in their neglected field
(e.g., Himmelbach & Karnath, 2003). Moreover it has been recently
shown that although neglect patients are able to reach towards tar-
gets even when these are presented in their neglected field, they
are impaired in memory-guided reaching towards these same tar-
gets (Rossit et al., 2009a), similar to what has been observed in
patient D.F. (Milner, Dijkerman, & Carey, 1999). This observation
is in line with the proposal that the representational system that
is damaged in neglect is probably more closely linked to the ven-
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tral stream of processing than to the dorsal (Milner, 1995). In fact
since the lesions of the neglect patients included in that study over-
lapped in the superior temporal gyrus (Rossit et al., 2009a, 2009b,
2009c), it is perhaps not surprising that their immediate reach-
ing performance was unaffected as parietal regions were largely
spared.

Therefore, what remains to be clarified is whether, even after
lesions in the parietal lobe, neglect patients can accurately perform
immediate actions. In addition, the observation that left neglect
patients are impaired in delayed (but not immediate) reaching
towards left targets raises the question as to whether an analogous
deficit would also be observed in grasping tasks, similar to what
has been found in patient D.F. (Goodale et al., 1994). To address
these issues we explored the dissociation between immediate and
delayed grasping in a patient (F.S.) who after a parietal-occipital
stroke presented with severe left visual neglect.

2. Materials and methods
2.1. Participants

Patient F.S. is a 66-year-old male who suffered a right middle cerebral artery
stroke three months before the current testing. At time of testing, he presented
with a significant left-sided hemiparesis on his upper and lower left limbs, he was
alert and oriented, and language functions were normal. Neuropsychological assess-
ment revealed the presence of a profound neglect: he failed to cross any letters on
the left side of the page (total score =20; left=0; cut-off=34 [Wilson, Cockburn, &
Halligan, 1987]), was impaired at star cancellation (total score=45; left=21; cut-
off =51 [Wilson et al., 1987]), presented a significant rightward bias in line bisection
(average error =43.2 mm; cut-off=6 mm [Harvey, Milner, & Roberts, 1995]), and an
extremely marked lateralized inattention deficit on the Balloons (index = 10%; cuf-
off=45% [Edgeworth, Robertson, & McMillan, 1998]). On examination of his visual
fields, he showed a complete left homonymous hemianopia, but it was unclear
whether this was due to his profound visual neglect.

F.S.’s lesion was delineated directly into the patient’s clinical MRI (carried out
one month post-stroke) by two clinical neurologists (J.A.F. and P.M.), who were
unaware of the purpose of the experiment, using MRICROn software package
(Rorden & Brett, 2000). This detailed lesion reconstruction (Fig. 1A) revealed that
his lesion extends along the right intraparietal sulcus to the transverse occipital
sulcus, affecting the angular gyrus, part of the supramarginal gyrus and superior
parietal lobe. The precuneus and the parieto-occipital sulcus are spared. Within
F.S.’s occipital lobe, the calcarine fissure is intact, but the lesion extends into Brod-
mann areas 18 (more so) and 19, just touching the fusiform gyrus and abutting the
temporal lobe (sparing the superior temporal gyrus). The lateral occipital complex
(LOC), bilaterally damaged in patient D.F. (James et al., 2003), is largely spared in
our patient.

In addition to patient F.S., 5 neurologically intact male controls were also tested
(mean age =64.6,S.D.=9.2). Ethical approval was granted the local ethics committee
and all participants gave their informed consent prior to participation in the study
and were reimbursed for their participation and travel costs.

2.2. Apparatus

As in previous studies (Goodale et al., 1994; Milner et al., 2001, 2003), we used
Efron objects (Efron, 1969) varying in width, but of constant surface area. Four
different wooden objects were used of dimensions (width x height): 5c¢cm x 5cm,
4cm x 6.25cm, 3cm x 8.3cm and 2 cm x 12.5cm (all 1 cm thick; Fig. 1b). They were
presented at a depth of 25 cm, either to the left or right (10 cm), from a start trigger
aligned with the participant’s midline. The objects were presented in a pseudo-
randomized order (no object was presented twice in succession) on a 40-inch touch
screen (NEC MultiSync® LCD4020) lying horizontally, which displayed the position
and size of the stimulus to the experimenter before the start of each trial. Participants
wore a pair of PLATO goggles (Translucent Technologies) to control for stimulus
presentation. In between trials, the goggles remained closed (i.e., in opaque config-
uration) and headphones played loud white noise to mask any auditory cues from
the placement of the objects.

Participants began each trial with the right thumb and index finger touching one
another and depressing the start trigger. With the PLATO goggles in the translucent
configuration, the experimenter placed one of the four objects on the touch screen
surface in one of the two positions (left or right). After a ready signal from the exper-
iment, the goggles changed to transparent configuration allowing the participant to
view the object for 5 s (viewing period). In all tasks, participants grasped the object
by its width (Fig. 1b) and were reminded to wait for the auditory cue (50 ms) before
responding. Due to the potential presence of concomitant hemianopia in the patient,
eye movements were unrestricted for all tasks.

Inexperiment 1, which was based on previous experiments (Goodale et al., 1994;
Milner et al., 2001, 2003), we asked participants to perform two delayed grasping

tasks towards objects located either on the left or right sides of space: delayed real (in
which the object reappeared after a 2-s delay) and delayed pantomime (in which the
object was absent after the delay; see Fig. 1b). In the delayed pantomime condition,
participants were required to refrain from grasping the object for a delay period of
2s, during which the object was removed, and then to pretend to grasp it as if it
was physically present. In the delayed real grasping task the procedure was similar
except that at the end of the delay the object could now be seen and it remained
present during the entire movement, allowing on-line visual guidance.

In experiment 2 we compared F.S.’s grip scaling with that of controls during
immediate grasping conditions in which visual feedback was manipulated. The
objective of this experiment was to rule out the explanation that any impairment
observed in the delayed pantomime condition was due to the absence of on-line
visual feedback; after all, the object was not present during the execution of the
grasp. In the closed-loop version of this task, the workspace was continuously
viewed, but in open loop, this visual feedback was removed. Critically, vision was
removed only at movement onset, allowing F.S. and the controls to program their
grasps on the basis of a visible object not on a memory of what they had seen earlier
(Westwood & Goodale, 2003).

Six grasps were made for each of the 8 possible combinations of object sizes
(4) x positions (2), for a total of 48 trials (plus 5 practise trials) per condition. A
custom Matlab program (version 6.5) was used to control stimulus presentation,
headphones, goggles and data recording. Movements were recorded (at 200 Hz) for
3 s using three infrared emitting diodes taped to the surface of the right hand (one
on the tip of the index finger, one on the tip of the thumb and one on the wrist; see
Fig. 1B) via an OPTOTRACK motion tracking system (Northern Digital Inc., Waterloo,
Canada).

2.3. Analysis

A custom-designed analysis program written with Labview (National Instru-
ments, Newbury, UK) was used to calculate the maximum grip aperture (MGA; i.e.,
the distance between his finger and thumb in mm). A linear regression analysis was
performed to obtain the r2 values between object width and MGA separately for each
condition (delayed real, delayed pantomime, immediate closed and open loop) and
position (left and right). In addition, r? values for grip scaling for each condition and
side were converted to a Fisher transformed r. The mean MGAs were also computed
for each object and side. The patient’s performance was compared to that of the
controls using two-tailed single-case statistics (Crawford & Garthwaite, 2002). Fur-
thermore, to test whether F.S.’s grasping showed a significant dissociation between
the left and right sides of space (i.e., compared to the corresponding differences in
the control sample), we applied the Revised Standardized Difference Test (Crawford
& Garthwaite, 2005) on the Fisher transformed r.

3. Results
3.1. Experiment 1: delayed grasping

As can been seen in Fig. 2a, during delayed real grasping patient
F.S. scaled his grip aperture to the object sizes presented on both the
left and right sides of space (left: r2 = 0.66; F[1,24] = 33.2,p<0.0001;
right: r2=0.73; F[1,24] =45.88, p<0.0001). In fact, when compared
to the controls, F.S.’s grip scaling was in the normal range for objects
presented on both sides of space (Fig. 2b). Moreover his maximum
grip aperture (MGA) was also within the normal range for all object
sizes and positions, indicating that he opened his hand in a similar
way to controls. Thus, despite his severe left visual neglect, F.S. was
able to tailor his grip to the size of a visible object even when it was
presented in his neglected field.

When F.S. made delayed pantomime grasps, he showed quite
a different pattern of performance. Even though F.S. was able to
scale his grip to the size of objects presented on the right side of
space (r2=0.81; F[1,24]=70.40, p<0.0001), he showed only weak
evidence of grip scaling for objects presented on the left (r2 =0.25;
F[1,24]=6.85, p<0.05; Fig. 3a). In fact, for objects on the left, the
relationship between grip aperture and the width of those objects
was much weaker in F.S. than it was in the healthy participants
(t=-4.82,p<0.01; Fig. 3b). This was not true for objects on the right
where F.S. showed normal scaling. It seems that F.S. adopted a con-
servative strategy of opening his hand wide regardless of the size
of the object - and in fact his MGA for the smallest object (20 mm)
was significantly larger than it was in the controls, but again only
for objects on the left side of space (mean F.S. = 93.6 mm; mean con-
trols=50.2,S.D.=13.3;t=4.32,p=0.01). E.S.'s behavior contrasts to
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Fig. 1. (a) F.S.’s right-hemisphere lesion (in blue) delineated directly into the patient’s clinical MRI. For guidance the calcarine fissure (CalcF), parieto-occipital sulcus (POS),
post-central sulcus (PostCS) and central suclus (CS) are delineated. (b) Schematic of the two delayed grasping conditions and Efron objects used.

that of the healthy participants who open their hand less widely
in pantomiming than in real grasping conditions (Goodale et al.,
1994).

Further analysis revealed a significant dissociation between
delayed real grasping and delayed pantomime in F.S. when com-
pared to controls (t=4.51, p=0.01): although he was able to scale
his grip on-line (delayed real) in a similar way for objects on both
the left and right sides of space, he was considerably impaired when
he had to rely on visual memory (delayed pantomime) for leftward
(but not rightward) grasps. Of course, F.S.’s impairment cannot be
simply explained by appealing to some sort of non-specific deficit
due to brain damage because it shows a clear double dissociation
from the impairment shown by the optic ataxic patient .G., tested
by Milner et al. (2001). In stark contrast to F.S., .G. showed very
poor grip scaling in delayed real grasping, but relatively intact grip
scaling in delayed pantomime grasping (Fig. 3c).

3.2. Experiment 2: closed vs. open-loop immediate grasping

It could be the case that F.S.s impairment in the delayed
pantomime condition was due to the absence of on-line visual feed-
back; after all, the object was not present during the execution
of the grasp. To rule out this explanation, we further compared
F.S.’s grip scaling with that of controls in closed- and open-loop
immediate grasping conditions. F.S. was able to scale his grasp for
objects presented on the right and left sides of space not only in the
closed-loop condition (left: r2=0.86; F[1,24]=119.56, p<0.0001;
right: r2=0.91; F[1,24]=172.01, p <0.0001; Fig. 4a) but also in open
loop when no feedback was available (left: 12 = 0.75; F[1,24] = 42.54,
p<0.0001; right: r2=0.83; F[1,24]=68.15, p<0.0001; Fig. 4b). In
line with this, his grip scaling was also within the normal range
for all conditions and both sides of space. Moreover, his MGA for
all object sizes and positions in either open- or closed-loop condi-
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Fig. 2. Results for the delayed real grasping condition. (a) Patient F.S.’s MGA per side. (b) Fisher transformed r for F.S. and confidence intervals of age-matched controls

obtained with single-case statistics per side (Crawford & Garthwaite, 2002).

tions was completely normal (Fig. 4c). Of course, the finding that
F.S.’s grip scaling is normal in the immediate closed-loop condi-
tion is not surprising given that his grip scaling was also spared in
delayed real grasping where he could also see the object during the
grasp. However, the fact that he was also able to scale his grip in
the open-loop condition indicates that the impairment we found in
leftward delayed pantomime grasping reflects a deficit in his ability
to use information about objects that were presented earlier in his
neglected field.

4. Discussion

Patients with optic ataxia, a deficit in visually guided action,
paradoxically improve when pantomiming an action towards
memorized stimuli (Himmelbach & Karnath, 2005; Milner et al.,
2001,2003; Rice etal., 2009). Visual form agnosic patient D.F. shows
the exact opposite pattern of results: although being able to grasp
objects in real-time she loses grip scaling when grasping an object
from memory (Goodale et al., 1994, 2004). Here we explored the
dissociation between immediate and delayed grasping in a patient
(F.S.) who after a parietal-occipital stroke presented with severe
left visual neglect.

In experiment 1, we established that F.S. was perfectly capa-
ble of grasping visible objects, even when these were presented
in his neglected field. On the other hand, when asked to pretend
to grasp an object seen earlier, but no longer present, he lost the
ability to grip scale to objects on the left but not the right side of
space. Of course this dissociation could simply result from the fact
that in the delayed pantomime condition, on-line visual informa-
tion about the object was unavailable during the execution of the

movement. This hypothesis was refuted in experiment 2, however,
where we failed to find any differences between F.S. and controls in
both open- and closed-loop real-time grasping directed at objects
on both the left and right sides of space, similar to what was has
been reported in other studies (Farneé et al., 2003; Harvey et al.,
2002; McIntosh, Pritchard, Dijkerman, Milner, & Roberts, 2002).
These findings clearly indicate that F.S.’s deficit in the delayed pan-
tomime task arises because of some failure in his ability to use
memory-based information for action, a failure that is remarkable
reminiscent of the one described in D.F. (Goodale et al., 1994, 2004).
Moreover, our findings suggest that both grasping and reaching
towards leftward targets seem to be affected by neglect in delayed
but not immediate conditions (Rossit et al., 2009a, 2009b, 2009c¢).

The fact that F.S. has spared real-time visuomotor abilities,
despite a large lesion in his posterior parietal cortex is rather puz-
zling. Typically, such lesions, particularly when they involve the
superior parietal lobe (SPL) and/or intraparietal sulcus, lead to
optic ataxia (Perenin & Vighetto, 1988). Yet these were the very
regions damaged in F.S. Recently, however, Karnath and Perenin
(2005) have demonstrated that optic ataxia is not associated with
SPL damage, but instead with lesions centered in the lateral and
medial convexity near the parieto-occipital sulcus. Notably the
parietal-occipital sulcus is largely unaffected in F.S. (see Fig. 1a, POS
delineation) and is thought to be integral for the on-line transfor-
mations of visual information into action coordinates (for review
see Milner & Goodale, 2006). In fact, damage to these regions sur-
rounding the parieto-occipital sulcus not only results in optic ataxia
(Karnath & Perenin, 2005) but also in open-loop reaching deficits
in right-hemisphere stroke patients (Rossit et al., 2009b). Taken
together, these findings are inconsistent with previous interpre-
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Fig. 3. Results for the delayed pantomime grasping condition. (a) F.S.'s MGA per side. (b) Fisher transformed r for F.S. and confidence intervals of age-matched controls
for left delayed real and pantomime grasping conditions. Data from patient .G (c) was obtained from Fig. 2 of Milner and colleagues’ study (2001). Confidence intervals of
age-matched controls were calculated with single-case statistics (Crawford & Garthwaite, 2002).

tations that have suggested that spared visuomotor function in
neglect patients is mediated by an intact superior parietal lobe
(e.g., McIntosh, McClements, Dijkerman, Birchall, & Milner, 2004;
Perenin, 1997) and others that have suggested that lesions in the
right inferior parietal lobule are accompanied by motor abnormali-
ties (Coulthard et al., 2006; Mattingley et al., 1998). Even though F.S.
has lesions that compromised both the inferior and superior pari-
etal lobules in his right hemisphere, leaving him with a severe left
visual neglect, he could still grasp objects accurately in real-time in
his neglected field.

Despite the absence of damage to the parieto-occipital sulcus
- and the sparing of real-time grasping, F.S. shows a profound
deficit in his ability to pantomime movements on the basis of ear-
lier visual information about the target object. This suggests that
such regions by themselves cannot mediate memory-guided grasp-
ing. Goodale and colleagues (Goodale et al., 1994, 2004; Milner &
Goodale, 2006) argued that such visual memory for object fea-
tures instead appears to depend on the perceptual mechanisms

that reside in the ventral visual stream. However, the lesion in
our neglect patient does not extend into the object-related lateral
occipital complex (LOC), which is bilaterally damaged in D.F. (James
et al.,, 2003). This suggests that even though this ventral-stream
area may play a critical role in the performance of delayed actions
(Goodale et al., 1994, 2004; Milner et al., 1999b, 2003; Milner &
Goodale, 2006; Rossetti & Pisella, 2002), it is not sufficient. Other
areas, presumably damaged in F.S., must contribute to the com-
putations underlying the performance of memory-guided actions.
In fact, our data are remarkably in line with a very recent fMRI
study which found elevated activity throughout the delay period,
before grasp execution, in the inferior parietal cortex only in the
right hemisphere (Fiehler et al., 2011). It is also interesting to note
that another fMRI study has reported that pantomimed actions per-
formed in real-time alongside the target object showed activation
in temporo-parietal regions, but again only in the right hemisphere
(Kréliczak, Cavina-Pratesi, Goodman, & Culham, 2007). To deter-
mine more precisely the contributions of different brain areas to
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real-time and delayed grasping, however, will require a systematic
lesion-symptom mapping study.

The current findings expand the perception and action model
(Goodale et al., 2004; Milner & Goodale, 2006) as they clearly indi-
cate that the ventral visual stream is not sufficient for off-line
actions. In particular, we believe that delayed pantomime grasp-
ing depends on a tight interaction between perception and action.
In fact, James et al. (2003) reported that, in addition to ventral
occipital lesions, D.F. also presents with a small lesion in the left
posterior parietal cortex and, unlike in healthy controls, they failed
to find activation in her left anterior intraparietal sulcus, a region
activated during grasping (Culham, 2004), although she did show
such activation in the corresponding area on the right. Although the
consequences of this parietal damage remain to be fully explored
in D.F,, it is quite possible that the deficit in delayed grasping in
both F.S. and D.F. results from a disconnection between the ventral
and the dorsal visual streams. In other words, the lateral occipital
complex (damaged in D.F.; James et al., 2003) in conjunction with
temporal-parietal regions (typically damaged in neglect patients,
[Karnath, Berger, Kuker, & Rorden, 2004; Mort et al., 2003]) pro-

vides the conscious perceptual representation of objects (Milner,
1995). We would argue, however, that the absence of such con-
scious representation in both our neglect patient and D.F. deprives
not only the memory systems but also the dorsal visual stream of
crucial visual information for action on remembered objects. This
perspective, while contrasting with the earlier view that the dorsal
visual stream is not essential for delayed actions (Goodale et al.,
1994; Milner et al.,, 1999b, 2001, 2003; Rossetti & Pisella, 2002),
fits well with recent findings of dorsal visual stream involvement
during both immediate and delayed actions in healthy participants
(Cohen, Cross, Tunik, Grafton, & Culham, 2009; Fiehler et al., 2011;
Himmelbach et al., 2009; Singhal, Kaufman, Valyear, & Culham,
2006) and with the observation that although optic ataxiaimproves
with delay, such patients are still impaired when compared to
healthy controls (Himmelbach & Karnath, 2005). Nevertheless,
these patients do show some improvement and, for this reason,
the way in which such improvement is achieved deserves further
investigation.

The present evidence is in line with the view that not all
actions depend exclusively on dorsal visual stream processing
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(Goodale et al., 2004; Milner & Goodale, 2006). Here we argue,
however, that memory-guided actions depend on a tight collab-
oration between the ventral and dorsal visual streams, rather than
on object-related processing regions alone (Goodale et al., 1994;
Milner et al., 1999b, 2001, 2003; Rossetti & Pisella, 2002). In con-
trast to patients with optic ataxia, who do show some improvement
with delay (Himmelbach & Karnath, 2005; Milner et al., 2001, 2003;
Rice et al,, 2009), F.S.’s performance was considerably impaired
(even though he shows excellent grip scaling in real-time), sug-
gesting that the integration between ventral and dorsal processing
is severely disrupted. We propose that this preserved visuomo-
tor function is accomplished by spared regions surrounding the
parieto-occipital sulcus in F.S. that by themselves are not sufficient
for successful memory-guided grasping.
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