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asvmmetrical performance the following Iateraliny coefficent was
used:

where “e” i» the number of etrors znd “cr” the number of correct
responses: "L indicates the left and "R™ the righi past of the page

(observer’s view). Larger positive values idicate more severe ne-

glect.

In the Wundi-Jastrow Ares iliusion Test. the number of re-
spenses consistent with the direction of the optical illusion when
the twa fans appear oriented either to the left or w the right is
recorded {possible score: (-20 in each case). Previous research has
shown that neglect patients display tewer expected responses when
the two fans point lo the left. while they perform normally when
the 1we fans appear oriented to the right [23). Conseguently. only
the number of expected responses when the fans were oriented to
the left was the dependent measure used in the anaivsis. In the Sen-
tence Reading Test, the score was the number of sentences (0-6)
read withoul omissions. Two patients tone in the N+1 and one in
the N+D proup) were iliiterate: therefore. they were not given the
Reading Test.

Cul-off scores for the presence of neglect were available for all
1ests. All neglect parients failed in at least three tests.

Neuroradiological exanunations

Site and volume of the Jesion in mm’ were based on MRI (0.2 T.
Hitachi Esa-Fompm 4000 MR Uniti. performed before the begin-
mng of the study and during the in-rehabilitation stay. All exami-
nations performed in the acure phase have been repeated.

Treatments
FPlivsical rehabilitation

tmmediately after admission all patens started the physical rehabili-
tation sreatment. based on Bobath's therapeutic exercises. [t has been
shewn that this approach preduces functioral improvements compa-
rable with a variety of other therapeutic approaches [12]. All patents
received the reatment 6 duys a week tiwo 1-h sessions daily).

Specific rraining for neglect

The patients with neglect received specific treatment. which has
been described in detail elsewhere [26]. It consists of [ive 1-h ses-
sions per week. Four different procedures were used:

1. Visual scanning: patients were required to detect digits appear-
ing in sequence on a large screen (2 X 3 m) in several different
positions. Al the beginning the digits were presented i a lmear
sequence from right to left: the patien:. after a warming signal
and a request by the therapist. had o identify the stimuli (num-
bersy. read them aloud and press a button as guickly as possible.
As the patient’s scanning abilnies improved. jess predictable se-
quences were used and facilitations were progressively reduced.
Reading and copying: newspaper headlings and handwritten
sentences were presented o the patient. who read and copied
them. The wards and sentences were of different degrees of lin-
guistic andfor perceptual complexity (ie. ward {requency,
length of sentences. size of writen material. eic.).

Copvying of line drawings on a dot matrix; n this procedure line
druwings of solid lines connecting dols were presented on the
left wide: the patient was required 10 copy them on a matrix on
his/her right side. The number of dots (from 4 to 20} and lines
was progressively increased.

T

e

4. Description of scene: black and white pictures were shown 1o
the patient. who had to describe them in detil. Increasing diffi.
culty consisted in a greater number of elemems to be described
in the scene.

Verbal and visual waming signals were provided in the eurly
stuges of treatment and were progressively reduced when the pa-
tient’s expioration abitity improved.

General cognitive iiervention

Ta test the specificity of the effect of the treatment for neglect. this
was atternated with an intervention aimed at providing broad cog.-
nitive stimulation. A voluntees interacted with patients using mag-
azines, plaving cards, puzzles, eic. This mtervention 100k place 3
days a week. in 1-h daily sessions.

In order to reduce sources of variabiliyy. all patients werg
sreated by the same four physical therapists. by one cognitive ther-
apist for neglect rehabilitation and by one volunteer for the general
cognitive intervention.

Procedure

The three scales were administered three times by the same physician
who was unaware of the aims of the study, The first evaluation (T1}
look ptace upon admission. All patients with and without neglect be-
gan physical therapy immedimely. The physical therapists were not
nformed of the patients’ assignment to a treatment. The N+ sub-
group began the specitic cognitive reatment for neglect immediately.
while the N+ group received the general cogninve imtervention. At
the end of the first 8 weeks. all patients underwent a second assess-
ment {T2). After this evaluation. the two Lypes of training were .-
versed. Thus. N+l patients stared the general purpose cognitive in-
wervention. and N+D patients started the training for neglect. Both
programmes lasted for & consecutive weeks. At the end of this second
penied. all three proups underwent the third assessment (T3,

Results
Functional disability and mater impairment

Three ANOVAs with “group” (N+1, N+D) as independent
measure and “time of testing” (T1, T2, T3} as repeated
measure were performed on the three neurological and
functional scales. Whenever significant, main effects or
interactions were further analysed using Duncan’s & pos-
teriori test. These compuiations have been frequenily used
to analyse the data of functional scales such as the ones
adopted in this study {see [24] for a statistical discussion).
However, since all these scales are ordinal measures the
results were also backed up by the use of non-parameinc
statistics to control further for the change aver ume be-
tween the different groups.

A separate one-way ANOVA with “time of resting” as
repeated measure was performed on the N- subgroup.

Rivermead Mobility Index

The ANOVA showed a main effect for “time of testing’
[F(2, 42) = 55.13: P < 0.001]; the interaction Group x Time

Hor

af testing [F(2. 42} = 3.28: P < 0.05] was significant, Fig-
pre 1 shows the mean values for the 1wo groups according
to the time of testing,

Duncan’s test showed that the 1wo neglect groups were
not significantly different at T1 and a1 T3: the difference
was significant a1 T2 ¢P < 0.01). Using Mann-Whitney's
est. the differences were again not significant at T1 and

3 (U7 = 53.5 and U = 49.5. respectively). but they were
significant at T2 ({7 = 34, P < 0.03).

The performance of N— patients improved significantly
guring testing [F(2, 70) = 92.92: P < 0.001]. These results
are presented in Fig. 1 for comparison with the N+ pa-
tients. It should be noted thal this subgroup was less im-
paired in atl three observasions compared with the neglect
patients.

RIVERMEAD MOBILITY INDEX

MX\

T T2 T2

—— ~
—.— NN

- TIME OF TESTHG
Fig.1 Performance on the Rivermead Maobility Index for the three

proups of patients according to time of testing

BAATHEL {NDEX

Tt T2 T2

—_—D— N

—— Nl

TIME OF TESTING

Fig.2 Performance on the Barthel Index for the three groups of
patients according te time of testing

Barthel's Index
The analysis showed a significant "time of tesung”™ {F{(2.
42) = 79.02: P < 0.001] effect: the interaction was also sig-
nificant [F(2. 42) = 3,40 P < 0.05]. The overatl pattern was
very similar to that of the previous analysis (see Fig. 2}.
Duncan’s test showed that the two neglect groups were
not significantly different at T1 and T3; the difference was
significant at T2 (P < 0.05). These results were confirmed
using Mann-Whitney’s test: no difference was observed at
T1 and T3 (L' = 35 and U = 47. respectively) and the two
groups were significantly different at T2 (I' = 35, P < 0.05}.
The N— group improved steadily during the test period
{F(2, 70y = 138.02: P « 0.001: see Fig. 2}.

Canadian Neurological Scale

The main effect of the “time of testing” facter was signif-
icant [F{2. 42} = 32.43: P<0.001]. For the group as a
whole, improvement was observed between T1 (x = 5.67)
and T2 (x = 6.15, P < 0.01) and between T2 and T3 {(x =
6.59. P < (L01). The interaction Group x Time of testing
was not significant [F(2, 42} = 0.99: n.s.}. indicating that
improvement was similar in the two groups.

The N- group improved steadily during the test period
[F(2. 70) = 58.74: P < 0.001].

Neglect

Performances of N- patients on hemi-neglect iests were
nearly flawless in all tests; thus, they were excluded from
the subsequent aralysis.

Four separate ANOVAs, one for each measure of ne-
glect, were performed on the two neglect groups similar
to those described above. The respective means for these
analyses are presented in Table 1.

As for the Letter Cancellation Test. the ANOVA
showed a main effect for “time of testing™ [F{2. 42) =
33.95: P < 0.001]: the interaction Group x Time of testing
[F{2, 423 = 6.45; P < (.003] was significant. Duncan’s test
showed that the two neglect groups were non significantty
different at T1 and T3; the difference was significant at T2
(P < 0.01). with the N+ group performing less well than
the N+1 group.

‘This general pattern was replicated in the ANOVAs on
the other negiect 1ests with minor differences. In particu-
lar. the time of testing factor wus always significant (at
least P < 0.001). In the Barrage test. the pattem of im-
provement was simitar: however. the interaction Group x
Time of testing feil short of significance [F(2, 42) = 2.48;
P =0.09]. As for the Wundt-Jastrow Area Illusion Test.
the ANOVA showed the interaction Group x Time of test-
tng [F(2, 42y =525, P < 0.01]. Duncan’s test showed that
the two neglect groups were significantly dafterent at T2
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‘Fable [ Aean values and
standard deviztions Tor the four
1esls of neglect in the two sub-

Letter
cancellation

Wundt-Jastrow
Area Hlusion

Barrage Test Senience Reading

groups of N~ patients in the

three testing evaluations, In the N+1 N+D N+l N+D N+ N+D N+l N+D

first two 1ests, values are later-

abity coefficients (larger values T} 0.4 106 0.4 .73 6.67 8.73 245 2

e o e e 11 £057  £050  +053 =049 1665 264l 227 362
“lusion Test. the number ol ex-

pecied respomses for fams 12 0.2 0.91 0.06 (.49 16.25 1236 564 1

pointing to the left i pre- $043 2074 =02 061 4.2 7.1 092 %23

sented: in the Sentence Read- )

ing Test. the number of correct 3 0.19 0.4% 0.12 0.13 1633 16 5.5 53
* seniences is reported {in these ) : ) o ” o

+0.3% + (.87 + 033 +{.37 + 326 +35.23 + 0.6% 127

last two tests greater values in-
dicate better pertormance t

{P < (0.01) but not at T1 and T3. in the Sentence Reading
Test. unlike all the other cases. a main effect of the group
tactor was present [F(], 19} = 5.89; P < 0.03]: the N+I
group had a better mean performance {4.55) than the N+D
group (3.03. The nteraction Group x Time of testing
[F(2.38y=9.31: P < 0L.001] was significant. Duncan’s test
showed that the 1wo neglect groups were net significantly
different at T1 and T3: the difference was significant at T2
(P <0001

Owerall. these results indicate the effectiveness of the
specific training-for neglect and closely confirm previous
results with the same procedure [26].

Lesion size

Lesion size was compared in the three groups. An
ANOVA with "group” as independent measure did not
show a group difference {F < 1. n.s.): the mean volumes
were 168.7 mm’ (D = 510.8) for the N—. 91.9 mm* (3D
= 67.8) for the N+{ and 132.7 mm* (5D = 93.9) for the
N+D. The very large variability of the N— subsample was
due to the presence of one exceptional owvtlier in this
group. -

Discussion

In the patients without spatial neglect. all scales showed a
relatively constanl improvement in patients’ motor and
functional capacities fellowing 2 and 4 months of treat-
ment. The immediate N+ group improved and diverged
from the delaved N+ group at T2 after receiving the spe-
cific training for neglect; the delaved group improved
comparably only afier receiving the same specific teat-
ment. Thus. this training was not oniy successful in pro-
ducing an improvement in the patients’ capacity to attend
10 and perform actions in the contralateral hemispace. but
also fosiered a significant improvement in their functional
adaptation. It must be noted. however. that the functional

prognosis of N+ patients, even if treated. was worse than
that of N— patients. Thus, the final values of the Barthel
Index and the Rivermead Mobility Index indicated cor.
parativety poor independence in daily hving activities,
maobility and ambulation.

Ft is also important to observe ihat the effect of the
training for neglect was present in the case of the two
scales assessing functional independence but not in the
case of the Canadian Neurclogical Scale. This second
scale measures a number of neurolegical functions with
the general aim of assessing stroke severity. This patiem
of findings points 1o the selectivity of the attentional train-
ing in modifving patients’ behaviour.

From a clinical point of view, it is inieresting to note
that the effect of the training for neglect was observed
both in the immediate and delayed paradigm. The cumu-
lative effect of the two cognitive treatments brings the pa-
tients 1o 2 similar functional level. regardless of the order
of administration.

Imerpretations of this patiern other than the specific ef-
fect of the training for neglect should be considered. From
a methodological standpoint, there was a specific attempt
1o contro} for the possibility of bias in group assignment
or in the effect of this on testing. Even though the proce-
dure of assigning the patients to experimental groups
based on their odd-even bed number is not customary and
should not be viewed as sirictly random. it proved easy
and reliable in keeping information separate between re-
searchers on the one hand and neusopsychological clim-
cians and therapists on the other. Overall. it appears ex-
tremely unlikely that failures in this procedure may have
artefactually produced the pattern of results obtained.

A differen: interpretation may be that the results are
due to the mere inclusion of a treatment in addition to

* physiotherapy. For several reasons this possibility also
seemns unlikely. First. in very general terms, it is now well
established that neglect is rather stable after the 15t month
after stroke (e.g. §371); consequently. no significant
change is expecied unless a specific treatment is carried
out. Second. an attempt was made in the present study o

i

compare the specific treament for neglect with a generai
cagnitive intervention, The effects of this procedure were
found to be negligible: thus. for example. the N+D group
did not improve after this intervertion in either neglect or
unctional scales. However. it is of note that this proce-
dure could be performed for fewer hours than the neglect
wraining (3 vs 5 h per week). This irmitation was due o the
choice of having a single voluniger treat all patients rather
than having different individuals seeing different patients.
Therefore. the possibility that differences in the intensisy
of stimulation may have contributed towards shaping the
resulis cannot entively be excluded. Finally, a different
study {3] comparing the “general cognitive” treatment
with the specific treatment for neglect again did not show
any significant change in performance after 2 months of
intervention, while the specific treatment was highly sig-
nificant in a simple randomized design. If non-specific
training does not produce any change in the neglect disor-
der. it is unlikely that it can have positive effects on motor
hehaviour.

In the present srudy. specific versus non-specific treat-
ments were compared to avoid an interpretation of greater
improvement because of more attention being given ©
one group of patients. However, in the future it would be
interesting to compare the functional outcome of neglect
patients Dot receiving any cognitive treatment ai alt with
the two groups studied here.

The nasure of the association between improvement in
neglect and functional recovery may be interpreted in sev-
eral ways. Denes et al. {7] interpreted the smaller im-
provement in right versus left hemisphetic lesions as con-
nected either to an emotionally iess appropriate compre-
hension of the deficits or to greater anosognosia, which is
particularly frequent in patients with neglect. Recently. it
has been found that patients with neglect and anosognosia
have a consistently worse prognosis of motor secovery
than comparable neglect patients without anosognosia or
non-neglect patients [13]. The reduction of neglect and its

associated disorders would produce beneficial effects by
jmproving the patients’ emotional involvement and gen-
eral awareness of the whole renabilitative effort.

A second explanation can be found in the nature of the
measures used 1o assess recovery. Any functional measure
quantifies the amount of suecess in performing complex
sequences of actions {e.g. dressing. eating. toileting. etc. ).
A patient with neglect may fuil because she/he ignores
part of the situation, which has to be faced in the con-
tratateral hemispace. and/or has a reduced tendency to
perform actions in the comralateral space (hypokinesia)
{30]. The improvement of both of these aspects by cogni-
tive training may favour recovery of all actions, such as
those of everyday life. which require attending o and
moving in both paris of space.

Third. a number of receni investigations have sug-
zested that neglect is the resule of a spatial tmbalance be-
tween retinolopic and egocentric representations of exter-
nal space [30]. The hypothesized de-coupling between
these two representations produces negative conse-
quences both in interpreting sensory information and in
organizing motor responses directed toward the neglecied
side. Consequently. a reduction of this imbalance. through
u specific treatment for neglect. may have positive effects
on the organization of motor behaviour in these paiients.

I should be noted that these three interpretations are
not mutually exciusive: further research is needed 1o es-
tablish which mechanisms are more likely to be predomi-
nant in explaining the role of neglect treatment on func-
tional recovery. In any case. from a clinical perspective. it
seems clear from the present data thai the weatment of
hemiplegia benefits sigmficantly from an association of
physical and cognitive treatment whenever spatial nezlect
15 present.
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Abstract We report the cases of two  MRI of the entire spine may be nec-
patients with the very uncommon
clinica! finding of two noncontigu-
ous spinal epidural abscesses, which
were located in the cervical and Jwmn-
bar spine. In each case the diagnosis
of the second spinal abscess was
made by MRT only after the appear-
ance of a new neurclogical deficit.
Decompressive spinal surgery and
intravenous antibiotic therapy led to

cisary in selected cases.

Key words Epidural spinal
abscess - Sraphyvlococeus aureus -
Magnetic resonance imaging

complele recovery in one patient, the
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Introduction

The main clinical symptoms and signs of an epidural
spinal abscess are spinal pain. tenderness. radiculepathy,
paraesihesia, fever. and weakness thai car progress to
paralysis [12]. The diagnostic method of choice is MRI
[2]. Three to six adjacent spinal cord segments are in-
volved in most cases, and a spinal epidural abscess typi-
cally has a single epicentre a1 which spinal cord and nerve
toot damage may occur [1, 4. 51. The entire Jength of the
spinal cord may be involved in very rare cases [L. I3].
Here we report on the very unusual finding of spinal
epidural abscesses detected by MRI at noncontiguous
sites (cervical and lumbar) in two patients.

Case reports
Paiient 1
A 6]-year-pld adipose woman was admitted to her local hospital

for progressive lumbar pain lasting 4 weeks. She bad a 4-year his-
tory of diabetes mellitus. On admission the patient had shght

other patient was moderately dis-
abled. As epidural spinal abscesses
can occur al NONcentiguous sites,

weakness of both Jower limbs. The deep tendon reflexes in the
lower extremities were absent. Ervthrocyie sedimentation rate
(116 mm/h} and white Blood cell count {28.200/mm”} were eje-
vated. She developed septicaemia due 1o Staphyiacoccus aureus
requiring catecholumine therapy and intravenous antibiotics. Be-
cause of neck pain, progressive tetraparesis, and bowel and biadder
dysfunction she was referved 1o our department 1 month after ad-
misston. Neurological examination at our department showed s¢-
vere spastic ietraparesis and impaired sensation o pinprick and
touch below the level of C6. She had decubital ulcers in the sucral
region and on both heels. Sagittal T1-weighted spin-echo MR1 of
the cervical spine revealed an epidural mass (Fig. la). A decom-
pressive surgical procedure at C3-6 was performed. Intraoperative
cultures revealed S. aurcus. Intravenous amtibiotic therapy with
fluclexacillin. cefotaxime and metronidazole was initiated. The pa-
tient's clinical condition improved during the next few days. How-
ever. 5 days after surgery she developed compleis paralysis of the
lower extremities. and the left biceps muscle deteriorated o a
grade 2/5 paresis. MR} of the efitire spine showed evidence of a
persistent epidural mass with compression of the spinal cord at the
C5 level. MRI of the thoracic spine was normal. MRE of the Jum-
bar spine showed an abscess at the level of L3-5 in the dorsal
epidural space (Fig. 1b) and abscesses in the paraspinal muscles.
Another decompressive and stabilizing surgical procedure was
performed at C3/6. In addition. the patient underwent L3-3
laminectomy: again 5. wurens was wsolated from pus. Follow-up
MRT of the cervical and 1horacic spine 7 weeks after admission re-




