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Abstract Five patients with left- 
sided visual neglect following focal 
infarction of the right frontal lobe are 
presented. Lesion location was as- 
sessed using computed tomography 
or magnetic resonance imaging. The 
common area of lesion overlap was 
small, being confined to the dorsal 
aspect of the inferior frontal gyrus 
(Brodmann's area 44) and the imme- 
diate underlying white matter. This 

cortical region is part of the homo- 
logue of Broca's area in the right 
hemisphere and is considered to be 
part of human premotor cortex. The 
association of neglect with injury to 
this area suggests it may play an im- 
portant role in directing attention in 
visual space. 
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Introduction 

Unilateral visual neglect appears to be most severe and 
most frequent following injury to the right cerebral hemi- 
sphere of man [9]. In recent years, computed tomography 
(CT) correlation studies have demonstrated that within the 
right hemisphere the inferior parietal lobule is the region 
most frequently damaged in patients with severe neglect 
[16, 33]. Although neglect may also follow injury to the 
frontal lobe, basal ganglia and thalamus, reports are few, 
and current understanding of lesions outside the parietal 
lobe associated with neglect is imprecise [17, 32]. 

Nevertheless, some broad themes have emerged. First, 
injury to at least two regions of  frontal cortex may be 
associated with contralateral neglect. One appears to be 
located on its lateral aspect, whilst the other lies on the 
medial side and involves the cingulate cortex [15, 17]. 
Second, injury to either the thalamus or basal ganglia is 
sufficient to cause neglect, but this may be due to deaf- 
ferentation of overlying parietal and frontal cortices [4, 
32]. Third, lesions confined to the white matter  alone 
appear rarely to be associated with neglect [33], al- 
though there are reports of the syndrome occurring after 
infarction of the posterior limb of the internal capsule [4, 
32]. 

These findings have been incorporated into models of 
how various brain regions normally direct visual atten- 
tion. For example, the hypothesis has been advanced that 
whilst the inferior parietal lobule is responsible for repre- 
senting space, and the cingulate cortex may have a role in 
assigning motivational relevance to sensory events, dorso- 
lateral frontal areas may be important in generating the 
exploratory motor components of attentive behaviour [23]. 
Furthermore, it has been suggested that the frontal eye 
fields or regions near them may be the critical areas asso- 
ciated with neglect following dorsolateral frontal lesions 
[23,241. 

Validation or improvement of this proposal requires a 
more precise understanding of both the location and func- 
tion of the frontal regions implicated in neglect. Here, we 
report on the location of lesions in five cases of left-sided 
visual neglect associated with right lateral frontal lobe in- 
farction. 

Materials and methods 

The patients reported here were seen by the authors at two centres 
over a period of 20 months. The first three subjects were assessed 
by one of us from the day of admission; the last two were seen 1 
week after entry to hospital. Visual fields were full to confronta- 
tion in all subjects. All the patients were considered to have visual 
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Fig. 1 CT scan of case 4 and MRI of case 5, demonstrating focal 
infarcts in the right frontal lobe. Note that in case 5 the lesion ex- 
tends to the anterior parietal cortex 

neglect and none showed visual extinction. Eye movements were 
tested at the bedside. Although all the patients spontaneously di- 
rected their gaze toward the right, they were able to make saccades 
towards an examiner 's  hand moving in the left visual hemifield. 
None of the patients were found to have somatosensory deficits ex- 
cept case 5, who suffered from left-sided extinction to light touch. 

Visual neglect was quantified using a number of standard as- 
sessments. All patients were tested on the Mesulam shape cancel- 
lation task [25]: 60 target shapes are embedded amongst 312 dis- 
tractor items on an A4 sheet of paper and subjects are asked to 
cancel all the targets they can see. No time limit is iraposed. Nor- 
mal subjects find between 54 and 60 targets (n = 40, unpublished 
observations in subjects aged 65-85 years). All patients were also 
tested on line bisection: they were asked to mark the midpoint of a 
180-mm horizontal line placed in the centre of an A4 sheet of pa- 
per. The range of normal bisection is between 4.3 mm to the right 
and 9.4 mm to the left of the true midpoint [12, 21]. Cases 4 and 5 
were also tested using the conventional subtests of the Behavioural 
Inattention Test (BIT), where the cut-off score is 129 out of a total 
of 146 [34]. CT was performed on all the patients within 3-5 days 
after the onset of neurological symptoms except for case 5, in 
whom it was performed 8 h after symptom onset. This patient gave 
informed consent for magnetic resonance imaging 10 weeks later. 
No focal lesion other than a single infarct was seen on any of the 
scans. CT of case 2 revealed mild cerebral atrophy. Examples of 
imaging are shown in Fig. 1. All the patients had been functionally 
independent prior to their strokes. None were considered to show 
signs of dementia. 

Case reports 

Case 1 

A 68-year-old right-handed women presented to hospital because 
of a sudden-onset disturbance of speech. The patient was able to 
comprehend three-stage commands and point to named objects, 
but her speech was non-fluent and telegraphic. She was also noted 
to direct her gaze to the right and neglect objects on her left. On the 
Mesulam shape cancellation task she cancelled a mean of 6 targets 
out of a total of 60 (range = 2-8; n = 4). All the targets she found 
were on the extreme right edge of the array. When bisecting 180- 
mm lines she deviated to the right of centre by a mean of 20 mm 
(SD = 2.0, n = 10) and, although she drew objects correctly, she al- 
ways placed them on the right side of the sheet. 

Visual fields were full to confrontation. Eye movements tested 
at the bedside appeared normal except for prolonged latencies to 
targets presented on the left. There was a mild left-sided pyramidal 
weakness of the limbs which improved to normal power within 5 
days. Sensation of pinprick, light touch, vibration and joint posi- 
tion was normal. On the Mini-Mental Test [10] she scored 28/30. 
When she was reviewed 6 weeks later, the patient 's neglect had re- 
solved: she scored a mean of  59/60 on the shape cancellation task 
(range = 58-60; n = 4) and deviated to the left of centre by a mean 
of 1 mm (SD = 1.7; n = 10). However, she continued to experience 
difficulties with her speech. 

Three months later, the patient 's speech had improved and her 
only difficulty was word-finding. Testing on the Edinburgh hand- 
edness inventory [27] demonstrated that she was strongly right- 
handed (laterality quotient of +100, where extreme right-handed- 
ness is +100). Dysphasia following right cerebral hemispere dam- 
age in right-handers - so-called crossed dominance - is very rare 
[eg. 35] and suggests there may be unusual lateralisation of lan- 
guage in this patient. 

Case 2 

An 80-year-old right-handed women presented following a col- 
lapse at home. She was initially found to be drowsy, in atrial fib- 
rillation, with a mild left-sided hemiparesis and profound left- 
sided neglect. Her speech was normal. Three days after admission 
more detailed testing was possible. She scored 26/30 on the Mini- 
Mental Test. Visual fields were full to confrontation. Eye move- 
ments appeared normal except for delayed saccades to the left and 
broken pursuit movements when following a target to the left. Sen- 
sation of light touch, pinprick, vibration and joint position was 
normal. Assessment of visual search using the shape cancellation 
task demonstrated profound left-sided neglect: the patient marked 
a mean of only 4/60 targets, all on the right side of the array (range 
= 2-7; n = 6). When bisecting 180-mm-long lines, she deviated to 
the right of centre by a mean of 35 mm (SD --- 21.6; n = 10) and 
when asked to draw a clock she placed all the numbers on the 
right. Three weeks after admission her neglect appeared un- 
changed. The patient died shortly afterwards. 

Case 3 

A 71-year-old right-handed woman known to have ischaemic heart 
disease presented with unstable angina. She was admitted to the 
coronary care unit and treated with intravenous heparin and glyc- 
eryl trinitrate. Her pain improved and the infusions were stopped. 
Six days after admission, her behaviour appeared altered. Exami- 
nation revealed she was orientated in time, place and person; on 
the Mini-Mental Test she scored 29/30. Her speech was normal. 
There was no limb weakness or sensory deficit of light touch, pin- 
prick, vibration or joint position. However, she ignored objects and 
people to her left. Visual fields were full to confrontation. Eye 
movements appeared normal except for delayed saccades to the 
left. 

Visual search appeared markedly impaired: on the shape can- 
cellation task she marked a mean of 9/60 targets (range = 5-13: 
n = 4) and all the targets she cancelled were on the right edge of 
the array. However, line bisection was normal: she deviated to the 
right of centre by a mean of only 1 mm (SD = 2.8; n = 10). The pa- 
tient's neglect did not improve over the next 3 weeks in hospital. 
She was lost to follow-up. 

Case 4 

An 87-year-old right-handed woman presented following a col- 
lapse at home. She was alert and orientated in time, place and per- 
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son; she scored 27/30 on the Mini-Mental  Test. Her speech was 
normal. She had a moderately severe left-sided hemiparesis but no 
disturbance of sensation of light touch, pinprick or joint  position. 
There was bilateral loss of vibration sense below the knees consis- 
tent with the patient 's  age. Visual fields were full to confrontation 
but she was noted to have mild left-sided neglect. Eye movements  
were normal except for prolonged latencies to visual targets on the 
left. 

The patient 's  neglect was assessed using the BIT [34]. She 
scored 105/146 on the conventional sub-tests. She cancelled 36/54 
targets on the BIT star cancellation test (n = 1) and a mean of 
40/60 targets on the Mesulam shape cancellation task (range = 25 -  
46; n = 9). All the targets which were omitted were on the left side 
of the array. Interestingly, however, when given a cancellation task 
with only target items (and no distractors), such as the BIT line 
cancellation task, she was able to find 33/36 targets (n = 1). The 
patient marked a mean of 20 mm to the fight of centre when bi- 
secting 180 mm lines (range = 11-28; n = 3). The patient 's  neglect 
resolved within 6 weeks of admission. 

Table  1 Summary of findings. 
A plus sign denotes the pres- 
ence of an abnormality and a 
minus sign denotes its absence. 
Parentheses indicate resolution 
of an abnormality 

A 67-year-old right-handed man presented with collapse following 
right-sided headache. Initially, he was drowsy and found to have a 
severe left-sided hemiparesis. Sensation of light touch, pinprick, 
vibration and joint position was normal. Visual fields were full to 
confrontation. Urgent CT revealed an ill-defined low attenuation 
area in the right frontal lobe. Over subsequent days the patient be- 
came more alert. On the Mini-Mental  Test he scored 28/30. At this 
stage it became clear that he also suffered from left-sided visual 
neglect. Eye movements  were normal except for delayed saccades 
to visual targets on the left. 

On the conventional sub-tests of the BIT battery, the patient 
scored 68/146. He cancelled a mean of 13/60 targets (range = 5 -  
18; n = 20) on the Mesulam shape cancellation task. On the BIT star 
cancellation test he marked a mean of 15/54 star targets (range = 
14-17; n = 4). All the targets he cancelled were on the right side of 

the array. However, on the BIT line cancellation test, which has 
only line targets and no distractors, he performed very well, find- 
ing a mean of 35.5/36 targets (range = 35-36; n = 4). When bi- 
secting 180-mm lines he deviated to the fight of centre by a mean 
of only 3 mm (range = 3-4;  n = 3). Further aspects of this pat ient 's  
distractor-dependent neglect are discussed elsewhere (Husain and 
Kennard, in preparation). The patient 's  neglect resolved within 8 
weeks of admission. 

Results 

A s u m m a r y  o f  t he  p r e s e n t i n g  s y m p t o m s  a n d  s igns  o f  the  

f i ve  c a s e s  is g i v e n  in  T a b l e  1. T h e i r  l e s i o n s  w e r e  p l o t t e d  

o n  t e m p l a t e s  a c c o r d i n g  to t he  m e t h o d  d e s c r i b e d  b y  D a m a -  

s io  a n d  D a m a s i o  [7] a n d  t he  s u b c o r t i c a l  e x t e n t  o f  i n j u r y  

w a s  f u r t h e r  a s s e s s e d  u s i n g  the  a t l as  o f  M a t s u i  a n d  H i r a n o  

[22].  T h e  r e g i o n  o f  o v e r l a p  o f  f o u r  o f  t he  ca se s  ( 1 - 3  a n d  

5) is e x t r e m e l y  s m a l l  ( see  Fig .  2). I t  i n v o l v e s  o n l y  the  dor -  

sa l  a s p e c t  o f  t he  i n f e r i o r  f r o n t a l  g y m s  ( c o r r e s p o n d i n g  to 
pa r t  o f  the  pa r s  o p e r c u l a r i s  o r  B r o d m a n n ' s  a r ea  44 )  a n d  

t he  i m m e d i a t e  u n d e r l y i n g  w h i t e  ma t t e r .  T h e  r e g i o n  o f  

o v e r l a p  o f  t h r e e  o f  f i v e  ca se s  is l a rger :  a l t h o u g h  s m a l l  po r -  

t i o n s  o f  d o r s a l  a r ea  45  a n d  a n t e r i o r  a r ea  6 a re  i n v o l v e d ,  i t  
c o n s i s t s  l a r g e l y  o f  d o r s a l  a r ea  4 4  t o g e t h e r  w i t h  t he  u n d e r -  

l y i n g  w h i t e  ma t t e r .  
T h e  d e e p  n u c l e i  w e r e  s p a r e d  in  al l  c a se s  e x c e p t  p a t i e n t  

5, i n  w h o m  the  p u t a m e n  a p p e a r e d  to b e  i n v o l v e d  (Tab le  

2). In  th i s  s u b j e c t  the  i n f a r c t  a l so  e x t e n d e d  in to  t he  an t e -  

r i o r  p a r t  o f  the  p a r i e t a l  l o b e  a n d  th i s  m a y  a c c o u n t  fo r  h i s  

s o m a t o s e n s o r y  e x t i n c t i o n .  N o n e  o f  t he  l e s i o n s  e n c r o a c h e d  

u p o n  t he  i n f e r i o r  p a r i e t a l  lobe ,  w h i c h  is the  a r ea  m o s t  

Case 1 
Case 2 
Case 3 
Case 4 
Case 5 

Fig.2 Reconstruction of lesion 
sites on a lateral view of the 
brain and a sagittal section 
through the area of greatest 
overlap. The black area repre- 
sents the region of overlap in 
four of five cases. The grey 
area shows the extent of over- 
lap in three of five cases 

(+) + - - - 6/60 20 mm 
+ . . . .  4/60 35 mm 

9/60 1 mm 
+ . . . .  40/60 20 mm 
+ - + - - 13/60 3 mm 

Left Dys- Left Left Left visual Mean Me- Mean devia- 
hemi- phasia somato- visual field loss sulam shape tion to right 
plegia sensory extinction to con- cancellation on 180-mm 

extinction frontation score line bisection 
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Table 2 Extent of lesions Inferior Middle Pre- Post- White 
frontal frontal central central matter 
gyms gyrus gyms gyrus 

Case 1 + - 
Case 2 + - 
Case 3 + + 
Case 4 - + 
Case 5 + - 

Putamen 

_ m q -  _ 

+ - -  + - -  

_ _ - 1 -  _ 

_ _ . 1 -  _ 

+ + + + 

Thalamus 

m 

m 

commonly associated with neglect in previous studies 
[16, 33]. 

Discussion 

In this study we report five patients with left-sided neglect 
associated with infarcts confined largely to the right frontal 
lobe. The region of lesion overlap consists of the dorsal 
aspect of the inferior frontal gyrus (part of Brodmann's 
area 44) and the immediate underlying white matter. This 
cortical region is part of the homologue of Broca's area in 
the right hemisphere. Cytoarchitectonic studies suggest 
that it is part of "premotor" cortex, but its exact function 
is poorly understood [24]. Our results suggest that it may 
normally play an important role in directing attention in 
visual space. An alternative interpretation is that neglect 
in our patients resulted from damage to white matter tracts 
which pass through this region, possibly disconnecting 
posterior parietal from prefrontal cortex. Whichever view 
is correct, a review of the literature on frontal neglect 
shows that the lesion sites of previous cases with lateral 
injury [2, 5, 6, 8, 18-20, 31] appear to include the region 
associated with neglect in this study. 

Our finding confirms the general hypothesis that in 
man lesions on the lateral surface of the frontal lobe 
may be associated with neglect. In monkey, lesions of 
the frontal eye field (the anterior bank of the arcuate sul- 
cus) results in neglect of far visual space, whereas in- 
jury to the premotor cortex (area 6) leads to neglect of 
peripersonal visual space [30]. In man, the frontal eye 
field is considered to be situated dorsal to area 44, the 
region of greatest overlap demonstrated in this study [1, 
29]. 

Galaburda and Pandya [ 11 ] have presented evidence to 
suggest that area 44 of man has a cytoarchitectonic homo- 
logue in the posterior bank of the arcuate sulcus in mon- 
key, i.e. in a region lying immediately posterior to the 
frontal eye field. In the human left hemisphere, area 44 
appears to have a role in speech production [28]. In the 
right hemisphere, our data suggest it may have a role in 
directing attention or planning movements to search con- 
tralateral space. Case 1 appears to be an interesting exam- 
ple of"crossed dominance" (cf. [35]), since her speech (as 
well as visuospatial attention) was affected by a right 
frontal lesion. 

Is there a difference between neglect following lesions 
of the parietal and frontal lobes? Some authors have pre- 
viously suggested that "premotor" factors may be associ- 
ated with neglect following frontal injury [14]. Direc- 
tional hypokinesia or a failure to use the limbs to explore 
contralateral space has been reported to be more common 
in patients with lesions which involve both the frontal and 
parietal lobes [3]. At the time we assessed the patients re- 
ported here we were unable to examine this issue. How- 
ever, others have presented evidence to suggest that 
frontal neglect may not always be associated with a deficit 
in programming the amplitude of contralesional move- 
ments [16]. 

Two recent investigations have demonstrated another 
association. Whereas neglect patients with predominantly 
frontal injury perform poorly on cancellation tasks, their 
ability to bisect lines is well preserved [2, 20]. Patients 
with parietal injury appear to be poor on both [2]. Our ob- 
servations, using Mesulam's shape cancellation task [25], 
are in broad agreement with the findings in frontal pa- 
tients: the deficits in line bisection in the patients we have 
described were usually mild when compared with their 
cancellation performance. This pattern of results suggests 
that visual search may be significantly more impaired 
than the processes mediating judgement of line length. 
Further support for this comes from the observation that 
decreasing attentional demands (by using cancellation 
tasks without distractors) substantially improved the de- 
gree of neglect in cases 4 and 5. However, there is at least 
one published example of a patient with a temporoparietal 
lesion who performed poorly on cancellation but normally 
on bisection [12]. Furthermore, poorer performance on 
the BIT star cancellation test (which has distractors) com- 
pared to line cancellation (where there are no distractors) 
has previously been reported in a large cohort of neglect 
patients which probably included patients with only pos- 
terior lesions [13]. 

Some investigators have remarked upon the rarity of 
neglect associated with frontal lesions. For example, Val- 
lar and Perani [33] reported only one case in their series of 
110 right hemisphere patients with stroke. Our impression 
is that neglect is most commonly associated with large le- 
sions involving both frontal and parietal lobes. The 
paucity of cases associated with only frontal injury may 
reflect two factors. First, regardless of the presence of ne- 
glect, the number of patients who present with only 
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frontal infarct ion is small; and second, our results are con- 
sistent with the view that a critical site needs to be dam- 
aged for neglect  to occur. 

Of  the 110 patients presented by Vallar and Perani  
[33], 11 had only frontal lesions. Of  these, only two ap- 
pear to have suffered lesions which would  compromise  
the region of overlap demonstrated in the present study, 
and one of these had neglect.  Interestingly, the region of 
maximal  lesion overlap in patients with severe neglect  
and strokes involv ing  both the frontal and parietal lobe 
appears to include the inferior parietal lobule and the in- 

ferior frontal gyrus [33]. Thus, two critical areas may 
have been damaged in these individuals.  

Clearly, our unders tanding of visual  neglect  fol lowing 
dorsolateral frontal infarction, with or without concomi-  
tant parietal damage, is in its infancy. The results pre- 
sented here suggest further insight into the funct ion of 
Brodmann ' s  area 44 in the right cerebral hemisphere may 
assist in improving this situation. 
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