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Objectives: The lack of agreement regarding assessment methods is responsible for the variability in the reported rate of occurrence of spatial neglect after stroke. The aim of this study was to assess the sensitivity of different tests of neglect after right hemisphere stroke. Methods: Two hundred and six subacute right hemisphere stroke patients were given a test battery including a preliminary assessment of anosognosia and of visual extinction, a clinical assessment of gaze orientation and of personal neglect, and paper and pencil tests of spatial neglect in the peripersonal space. Patients were compared with a previously reported control group. A subgroup of patients (n=69) received a behavioural assessment of neglect in daily life situations. Results: The most sensitive paper and pencil measure was the starting point in the cancellation task. The whole battery was more sensitive than any single test alone. About 85% of patients presented some degree of neglect on at least one measure. An important finding was that behavioural assessment of neglect in daily life was more sensitive than any other single measure of neglect. Behavioural neglect was considered as moderate to severe in 36% of cases. A factorial analysis revealed that paper and pencil tests were related to two underlying factors. Dissociations were found between extrapersonal neglect, personal neglect, anosognosia, and extinction. Anatomical analyses showed that neglect was more common and severe when the posterior association cortex was damaged. Conclusions: The automatic rightward orientation bias is the most sensitive clinical measure of neglect. Behavioural assessment is more sensitive than any single paper and pencil test. The results also support the assumption that neglect is a heterogeneous disorder.



nilateral neglect is a common feature and an important predictor of poor functional outcome after right hemisphere stroke.1–3 However, despite a large amount of research, there is still no consensus among clinicians regarding the methods of identifying neglect and monitoring changes after treatment.4–7 Clinical tests of neglect have infrequently been subjected to adequate validation and standardisation. Most of them lack normative data and tests sensitivity often remains unknown. In a recent systematic review of published reports, Bowen et al5 found that the frequency of occurrence of neglect in patients with right brain damage ranged from 13% to 82%. The assessment method used was one of the main factors explaining the discrepancies between the different studies. Moreover, most commonly available clinical tests of spatial neglect do not take into account associated disorders, such as personal neglect, anosognosia, or sensory extinction, and their ecological validity remains questionable.7–10 Patients with normal performance on paper and pencil tests may demonstrate clinically significant neglect in everyday life.11 The aim of this study was to appraise the sensitivity of different assessment methods of spatial neglect after right hemisphere stroke. The assessment battery includes several paper and pencil tests, most of which were adapted from the existing literature, with their authors’ permission. Related disorders such as anosognosia, extinction and personal neglect, were also investigated. In addition, a selected number of patients received a behavioural assessment, in order to compare conventional tests to real life functioning. Performance on clinical and paper and pencil tests was compared with that of a large control group, reported in detail elsewhere.12
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METHODS Patients Two hundred and six consecutive patients (60.7% men) suffering from a first ever unilateral right hemisphere stroke were consecutively included in 19 participating centres in France and Belgium. Mean (SD) age was 55.9 (15.3) years. Stroke was ischaemic in 135 patients (65.5%) and haemorrhagic in 71 (34.5%). Mean (SD) time since onset was 11.1 (13.8) weeks. Participating centres were mainly rehabilitation units, which explains that most patients were at a subacute phase. Educational level was assessed with a three level scale, similar to the control group.12 Most of the patients (53.2%) had eight years or less of schooling, 22.7% had 9 to 12 years, and 24.1% had 13 years or more. Information about handedness was obtained through a standardised questionnaire providing a score ranging from 0 (left handed) to 100 (right handed).13 The majority of patients (87.8%) were right handed (score of 80/100 or more). The mean (SD) handedness score was 88.3 (20.6). Motor impairments were assessed with a four level scale, ranging from 0 (no motor deficit) to 3 (severe hemiplegia). Seventeen patients (9.1%) had no hemiplegia, 66 (35.3%) had a mild hemiparesis, 64 (34.2%) a moderate hemiplegia, and 40 (21.4%) a severe hemiplegia (data were not available in 19 cases). Patients were classified in four groups according to stroke localisation, as assessed with computed tomography or magnetic resonance imaging scans, or both: anterior (lesion limited to the prefrontal cortex and adjacent white matter, n=7); posterior (lesion limited to the retrorolandic cortex, including parietal, but also temporal and/or occipital regions,
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n=29); anteroposterior (lesion involving both prefrontal, rolandic, and posterior regions, n=92); subcortical (lesion limited to subcortical areas, such as internal capsule, centrum semiovale, striatum, or thalamus, n=29). Anatomical classification was done in each centre by examiners who were not informed of the results of neuropsychological evaluation. Anatomical data were not available in four patients. Procedure



Testing conditions The tasks were always given in the same order within one session of one hour or less, and in the same conditions as in control subjects.12 Patients were in a quiet environment, seated in a chair (not in their bed). The examiner sat in front of the patient and presented the test material centrally. Patients were asked not to move the material, nor their trunk, while performing the tasks. No time limit was given, and only one task was timed (the bells test), in order to provide a measure of speed of processing. At the end of each task, the examiner asked only once “are you finished ?”, but gave no feedback to the patient. Assessments were conducted under the control of experienced examiners and all data were systematically reassessed centrally by two examiners (CS and ALD) of the coordinating centre. Homogeneity of testing conditions and of scoring was also checked by regular meetings with all participating centres.



Preliminary assessment of related disorders Awareness Awareness of motor and visual deficits was assessed using a methodology described by Bisiach et al.14 The examiner asked “Why are you now in the hospital? What are your current problems?”. If the patient did not spontaneously mention a left sided problem, more direct questions were given. A four level scale was used, both for motor and visual impairments, ranging from 0: perfect awareness of the deficit, to 3: the patient never admitted having some impairment despite its demonstration by the examiner. Visual extinction and hemianopia The presence of extinction or of hemianopia was tested clinically by wiggling fingers for two seconds in one or both visual fields. Central gaze fixation was controlled by the examiner. Six trials were given, in a fixed pseudo-random sequence including four unilateral trials (two on each side), and two simultaneous bilateral trials. Extinction was considered as present when a patient failed at least once to report a contralesional stimulus during bilateral simultaneous presentation, while accurately detecting unilateral stimuli.



Assessment of gaze orientation and personal neglect Gaze and head orientation Spontaneous gaze and head orientation was assessed with a four level scale15 ranging from 0: no deviation, to 3: permanent rightward deviation of gaze and head. Personal neglect Following Bisiach et al16 methodology, patients were asked to reach their left hand with the right hand, first with eyes open, then with eyes closed. A four level scale was used, ranging from 0: normal performance, to 3: no attempt to reach the target.



Paper and pencil tests of extrapersonal neglect The following tests were selected because they had previously been found sensitive to the presence of unilateral neglect, and because they are easy to perform and to score in a clinical setting. The bells test17 Subjects were asked to circle 35 targets (black ink drawings of bells), presented on a horizontal 21×29.7 cm (A4) paper sheet,
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along with 280 distractors. Targets and distractors were presented in a pseudo-random array. They were equally distributed in seven columns (three on the left side, three on the right side, and one in the middle). The following variables were used: the total number of omissions (/35), the difference between left sided and right sided omissions, and the subject’s starting point (spatial location of the first circled target). The starting point was recorded to provide an estimate of the scanning strategy. Each column was attributed a number ranging from 1 to 7 (left to right), and the starting point was operationally defined as the number of the column including the first circled bell. The time taken to complete the task was also recorded. Figure copying18 19 Subjects were asked to copy on a horizontal A4 sheet a drawing including (from the left to the right) a tree, a fence, a house with a left sided chimney, and a second tree. Following Ogden18, a five level scale was used, ranging from 0 (no omission) to 4 (omission of the left tree and of at least the left part of another item). Clock drawing Patients were required to place the 12 hours in a circle drawn by the examiner. A three level scale was used: 0: normal performance; 1: omission or rightward displacement of a part of the five left sided hours; 2: omission or rightward displacement of all left sided hours. Line bisection Patients were asked to mark the middle of four lines of two different length (two 5 cm and two 20 cm). The lines, of 1 mm width, centred on an A4 horizontal sheet, were presented separately. Deviation from the true middle was measured in mm, positively for rightward deviations, negatively for leftward deviations. Overlapping figures test20 One practice and five test stimuli were presented one at a time, each bearing five overlapping figures on a vertical A4 sheet. Each pattern consisted of two figures overlapping on the right and two on the left side of the card, all of them overlapping a fifth centrally located figure. Patients were not informed of the number of figures in each stimulus, and were asked to name all the figures they could detect. Two variables were used: the total number of omitted figures, and the difference between left sided and right sided omissions. Reading21 Patients were asked to read a short text, horizontally printed on an A4 sheet. The text included 12 lines, but the patients were stopped after reading the fifth line. Again, two variables were used: the total number of words omitted, and the difference between left sided and right sided omissions. Writing This test was performed in standard writing conditions, using an A4 vertical sheet. Patients were asked to write, on three separate lines, their first and last names, address, and profession (or the current date if they had no profession). The score was the maximal left margin width (in cm).



Behavioural assessment of neglect and anosognosia In two participating centres, a standardised behavioural assessment of unilateral neglect and anosognosia in daily living activities was performed, using the Catherine Bergego Scale.22–24 Previous studies found that the scale had a good inter-rater reliability and concurrent validity, was more sensitive to neglect than paper and pencil tests, and was sensitive to change during rehabilitation.22–25 The scale was completed by an occupational therapist, based on a direct observation of the
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Table 1



RESULTS



Performance on paper and pencil tests



Test variables



Bells test (n=206) Omissions (total number) Omissions (left minus right) Starting point Figure coying (n=205) Clock drawing (n=205) Bisection (mm) 20 cm lines (n=204) 5 cm lines (n=200) Overlapping figures (n=205) Omissions (total number) Omissions (left minus right) Text reading (n=188) Omissions (total number) Omissions (left minus right) Writing (left margin, cm) (n=201)



Cut off Mean (SD) point



% Beyond cut off



8.4 (9.4) 3.1 (4.4) 4.6 (2.4) 1.2 (1.6) 0.4 (0.6)



41.3 44.9 50.5 42.7 27.8



>6 >2 >5 >0 >0



10.1 (19.4) >6.5 0.6 (3.7) >2.0



37.7 19.0



1.8 (3.6) 0.8 (1.9)



39.5 30.7



>0 >0



11.9 (25.3) >0 5.6 (11.4) >0 6.8 (5.0) >7.7



Preliminary assessment of related disorders Seventeen per cent of patients had anosognosia for hemiplegia, and 46% for visual impairments. Extinction and hemianopia were tested in 186 patients. Sixty one (32.8%) had a left hemianopia, and 36 (19.3%) a left visual extinction without hemianopia. Assessment of gaze orientation and personal neglect A rightward gaze or head deviation was found in 32% of patients. Personal neglect was found in 16% of cases with eyes open and 13% with eyes closed. Paper and pencil tests of extrapersonal neglect Test sensitivity was greatly variable, ranging from 19.0% to 50.5% (χ2=35.9, df=11, p=0.0002) (table 1). The whole battery was more sensitive than any single test alone, as 177 patients (85.9%) demonstrated neglect on at least one measure. The most sensitive individual variable was the starting point in the bells test, which was located in 50.5% of cases in one of the two last right sided columns. Then, the decreasing order of sensitivity was the following: reading test (total number of omissions), bells test (difference between left and right omissions), figure copying, bells test (total number of omissions), reading (difference between left and right omissions), overlapping figures (total number of omissions), line bisection (20 cm), writing, overlapping figures (difference between left and right omissions), clock drawing, and line bisection (5 cm). In the line bisection task, a paradoxical leftward deviation was found in 78 patients (39.0%) with 5 cm lines and in 50 patients (24.5 %) with 20 cm lines. The completion time of the bells test was slowed in 52.5% of cases, but poorly correlated with accuracy of performance (r 
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