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Abstract This study examines the association between
thrombolysis and visuoperceptual functions in right hemi-
sphere (RH) infarct patients. Fifty-six consecutive patients
with first acute RH infarct were matched for age, years of
education and stroke severity at the time of admission to
the emergency department (baseline NIHSS; National
Institute of Health Stroke Scale), compared according to
whether (T+) or not (T—) they received thrombolysis.
Neurological (NIHSS at hospital ward; Barthel index; BI)
and neuropsychological examinations were conducted
4 days after onset. Visuoconstructive abilities were asses-
sed with the block design and visual search and reasoning
with the picture completion subtests of the Wechsler Adult
Intelligence Scale revised. Visual neglect was assessed
with the conventional subtests of the Behavioural Inatten-
tion test and visual memory with the visual reproduction
subtest of the Wechsler Memory Scale Revised. T4 and
T— patients did not differ in baseline NIHSS, age, years of
education, hemianopia, hemiparesis, or in basic ADL (BI).
T— patients had more severe strokes (NIHSS at hospital

M. Laihosalo - J. E. Kettunen - J. Ollikainen - M. Jehkonen
Department of Neurology and Rehabilitation,
Tampere University Hospital, Tampere, Finland

M. Laihosalo - J. E. Kettunen - M. Jehkonen (D<)
Department of Psychology, University of Tampere,
33014 Tampere, Finland

e-mail: mervi.jehkonen@uta.fi

A.-M. Koivisto
Tampere School of Public Health, University of Tampere
and Tampere University Hospital, Tampere, Finland

P. Dastidar

Regional Medical Imaging Center and Tampere Medical School,
Tampere University Hospital, Tampere, Finland

Published online: 22 December 2010

ward) and poorer visuoconstructive abilities than T+
patients. Our results indicate that thrombolysis has a
favourable effect on visuoperceptual functions in acute
stroke.

Keywords Cognition - Stroke - Thrombolysis -
Visuoperceptual functions

Introduction

Stroke is known to lead to serious cognitive decline [1-3],
and cognitive impairments after stroke have independent
prognostic implications [4-6]. Thrombolytic therapy with
recombinant tissue plasminogen activator (rt-PA) is of
proven and substantial benefit in terms of functional out-
come for patients with acute cerebral ischemia [7, 8].
However, little is known about the effect of thrombolysis
on stroke patients’ cognitive functioning. In the first and
only report on cognitive outcome after thrombolysis, Nys
et al. [8] found that thrombolytic therapy is associated with
favourable basic (ADL) and instrumental activities of daily
living (IADL) outcome, but not with a beneficial cognitive
outcome at approximately 6 months after stroke. Their
study group consisted of 92 right hemisphere (RH) and left
hemisphere (LH) first-ever stroke patients, of whom 25
were treated with thrombolytic therapy. To date there has
been no work on the cognitive functioning of thrombolytic
patients in the acute phase of stroke. None of the studies in
the literature examine the association between thrombo-
lytic treatment and the cognitive functioning after RH
stroke.

RH lesions can result in various cognitive defects, such
as visuoperceptual impairments which are defects in visual
search and reasoning, deficits in visuoconstructive
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functions, left neglect, and disorders in visual memory
[9, 10]. Impairment in visuoperceptual functioning is
common in stroke patients, although there are some vari-
ations in the reported incidence. Hier et al. [11] reported
that 93% of their RH stroke patients had constructional
difficulties. In the study by Nys et al. [5] the incidence of
deficits in visual perception and construction was 31% in
patients with LH or RH stroke. Both these studies included
patients with haemorrhage or infarct, and the evaluation
was conducted at the acute phase of stroke (on average
8 days after onset) [5, 11]. In RH stroke patients the
reported incidence of neglect ranges from 13 to 82%,
median 43% [12]. In a study of 57 consecutive first-ever
RH infarct patients, the incidence of neglect in the acute
phase was reported at 35% (on average 6 days after onset)
[13]. Neglect and visuoperceptual deficits have been found
to be strongly related to poor functional outcome after
stroke [13, 14] and, therefore, it is important that they are
evaluated at the acute stage of stroke.

In this study, we wanted to find out whether cognitive
functioning in the acute phase of stroke differed between
RH stroke patients with (T+) and without (T—) thrombo-
lytic therapy. Our focus here is on visuoconstructive abil-
ities, visual search and reasoning, visual memory, and
visual neglect, since these visuoperceptual functions are
known to be defective after RH damage. This research is
the very first to explore the association between thrombo-
lytic therapy and visuoperceptual functioning after acute
RH infarct.

Patients and methods
Patients

A total of 1,458 consecutive patients with acute stroke
admitted to a university hospital as emergency cases were
screened for this study between June 2005 and July 2008.
The excluded patients were as follows: LH stroke
(n = 276), brain stem or cerebellar stroke (n = 57), tran-
sient ischemic attack (n = 200), cerebral haemorrhage
(n = 139), other neurological diagnosis (n = 137), previ-
ous stroke (n = 185), significant findings in CT not related
to acute stroke (n = 92), traumatic brain injury (n = 6),
substance abuse (n = 21), psychiatric disorder (n = 20),
age over 80 years (n = 144), left-handedness (n = 5),
native language other than Finnish (n = 4), and not able to
participate in neuropsychological examination (n = 95).
Thus, the study population consisted of 77 consecutive
patients with first-ever RH infarct. In order to investigate
the effect of thrombolytic therapy, the patients were divi-
ded into two groups, T+ and T—, and matched for stroke
severity at the time of admission to the emergency
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department (2 points in the National Institute of Health
Stroke Scale sum score (NIHSS) [15]. Since it has been
shown that age has a negative effect on patient outcome
after thrombolysis [16], and since limited formal education
is often associated with lower cognitive functioning [17],
our patients were also matched for age (£5 years) and
education (£5 years) to rule out the influence of these
factors. This gave us 28 matched pairs which were com-
pared according to whether or not they were given
thrombolytic therapy. The research protocol was approved
by the Ethical Committee of the university hospital. During
their hospital stay all patients were treated according to
standard procedures for stroke patients. Informed consent
was obtained from all participating patients.

Methods

All patients underwent a neuropsychological, neurological
and neuroradiological examination (CT) within, on average,
4 days of stroke (range = 2—11 days). In the neuropsycho-
logical examination visuoperceptual abilities were evaluated
using the block design (visuoconstructive abilities;
range = 0-51) and picture completion (visual search and
reasoning; range = 0-22) subtests of the Wechsler Adult
Intelligence Scale Revised (WAIS-R) [18], the visual repro-
duction (immediate and delayed visual memory;
range = 0—41) subtest of the Wechsler Memory Scale
Revised (WMS-R) [19]. In addition, visual neglect was eval-
uated using the sum score of the conventional subtests of
Behavioral Inattention Test (BITC; range = 0-146, cut-off
for neglect <129) [20, 21]. Neuropsychological test results
were transformed into z scores based on the performance of a
stroke-free normative group. z scores were dichotomized: cut-
off for cognitive impairment within each domain was deter-
mined by a performance that was one or more standard devi-
ations below the mean performance of the normative group.
In the neurological examination, stroke severity, hemi-
paresis and hemianopia were evaluated using NIHSS at the
time of admission to the emergency department (baseline
NIHSS) and at the hospital ward (NIHSS at ward) on the
same day as the neuropsychological examination, or not
more than 1 day before or after that examination. Stroke
severity was defined according to the NIHSS sum score
(range = 0-34; 0 =no defect; 34 = severe stroke).
Hemiparesis was scored using a scale from O (no motor
defect) to 4 (severe hemiparesis) for leg and arm sepa-
rately, and these scores were summed to give a range from
0 to 8. Hemiparesis scores were dichotomized (cut-off
score = 1; presence of hemiparesis was scored as 1,
absence of hemiparesis as 0). The presence of visual field
defect was scored as 1 and absence of hemianopia as O.
Basic ADL were evaluated with the Barthel index (BI;
range = 0-100; 0 = dependent; 100 = independent) [22].
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A CT of the brain was performed to verify the side of
the infarction and to make a decision on thrombolytic
treatment. Native axial 5 mm/7.5 mm slices were taken
from the level of foramen magnum to the vertex of the
skull on a modern 16 multi-detector CT machine (GE
LIGHTSPEED RT16, Wisconsin, USA).

Intravenous administration of thrombolysis was supplied
within 3 h of stroke in accordance with the recommenda-
tions of the National Institute of Neurological Disorders
and Stroke (NINDS) study [7]. Apart from the thrombo-
lytic therapy, all patients were treated in the same way
following the same standardized protocol.

Statistical analyses

Since some of the parameters were not normally distributed
and the sample sizes were small, we chose to use median
(Md) and quartiles (Q;, Qs) and non-parametric tests (the
Wilcoxon test) to compare continuous variables between
the matched pairs of T+ and T— patients. Cross-tabula-
tions and McNemar tests were used to compare categorical
variables between the T4 and T— groups. All reported
p values are based on 2-tailed tests. p Values lower than
0.05 were considered statistically significant.

Results

The demographic and clinical characteristics of the stroke
subgroups (T+ and T—) are shown in Table 1. The two
groups did not differ statistically significantly in baseline
NIHSS, age, education, basic ADL (BI), hemiparesis or
hemianopia. T— patients had more severe strokes than T+

patients at the hospital ward on average 4 days after the
onset of stroke (p = 0.017).

The results of the neuropsychological examination are
shown in Table 2. One (4%) patient in the T+ group and
10 (36%) patients in the T— group had impairment in
visuoconstructive functioning. Patients in the T+ group
had significantly better test results in visuoconstructive
functioning (p = 0.002), and significantly fewer T+
patients had impairment in visuoconstructive functioning
(p = 0.004). Neglect was present in 9 (16%) patients, 6
(21%) in the T— group and 3 (11%) in the T+ group. The
difference in the presence of neglect between the two
groups did not reach statistical significance. The two
groups did not differ in visual reasoning skills, or in
immediate or delayed visual memory. Visual reasoning
skills were impaired in 7 (25%) patients in the T+ group
and in 11 (39%) patients in the T— group. In immediate
visual memory, 11 (39%) patients in the T+ group and 17
(61%) patients in the T— group had impairment. Impaired
delayed visual memory was found in 20 (71%) patients in
the T+ group and 23 (82%) patients in the T— group.

Discussion

This study is the very first to explore cognitive functioning
in a homogenous group of patients with first-ever RH
infarct. We were particularly interested to find out whether
thrombolytic therapy was associated with visuoperceptual
abilities at the acute phase of stroke.

Our results indicate that thrombolytic therapy might
have a positive effect on stroke severity and on visuoper-
ceptual functioning at the acute stage of stroke. Stroke

Table 1 Clinical characteristics and comparison of patients with (T+) and without thrombolysis (T—) after matching by baseline NIHSS, age

and education

T+ (n = 28) T— (n = 28) )4
Age: Md (Qg; Q3) 63.5 (55.3; 71.8) 64.0 (56.3; 72.5) 0.860
Male/female 18/10 21/7 0.180
Education in years: Md (Q;; Qs) 10.0 (8.1; 11.9) 9.0 (8.0; 10.9) 0.491
Days from onset to examination: Md (Q;; Q3) 4.0 (2.0; 5.0) 3.0 (2.0; 5.0) 0.275
Hemianopia: present 4 4% 1.000
Hemiparesis: present 9 12* 0.388
Baseline NIHSS: Md (Q; Q3) 5.0 (3.0; 7.0) 5.0 (3.0; 7.0) 0.868
BI at ward: Md (Qy; Qs) 100.0° (70.0; 100.0) 92.5% (72.5; 100.0) 0.850
NIHSS at ward: Md (Qy; Q3) 0.0 (0.0; 3.0) 3.0% (1.8; 6.3) 0.017

Baseline NIHSS sum score of National Institutes of Health Stroke Scale at the time of admission to the emergency department, (range = 0-34;
0 = no defect, 34 = severe stroke), Bl at ward sum score of Barthel index at the hospital ward (range = 0-100; 0 = dependent,
100 = independent), NIHSS at ward sum score of NIHSS at the hospital ward, Md median, Q, lower quartile, Q3 upper quartile

* Two patients have missing values

" Four patients have missing values
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Table 2 Results of the neuropsychological examination and comparison of patients with (T+4) and without thrombolysis (T—) after matching by

baseline NIHSS, age and education

T+ (n = 28) T— (n = 28) )4
Block design: Md (Q; Qs3) 21.5 (13.5; 28.8) 13.5 (6.0; 22.0) 0.002
Defect in block design: present” 1 10 0.004
Picture completion: Md (Q; Qs) 15.0 (10.0; 17.0) 12.5 (8.3; 16.0) 0.153
Defect in picture completion: present® 7 11 0.454
BITC: Md (Qy; Q3) 143.5 (139.3; 145.0) 142.0 (130.5; 144.8) 0.100
Visual neglect: present” 3 6 0.453
Visual memory immediate: Md (Qy; Q3) 33.5 (26.0; 36.8) 29.0 (23.5; 37.0) 0.301
Defect in visual memory immediate: present® 11 17 0.180
Visual memory delayed: Md (Q; Qs) 19.0 (8.3; 28.5) 19.0 (8.0; 25.8) 0.855
Defect in visual memory delayed: present® 20 23 0.508

Baseline NIHSS sum score of National Institutes of Health Stroke Scale at the time of admission to the emergency department, (range = 0-34;
0 = no defect, 34 = severe stroke), BITC sum score of conventional subtests of Behavioural Inattention Test, (range = 0-146;
0-129 = neglect, 130-146 = no neglect), Md median; Q; lower quartile; Q3 upper quartile

 Performance was determined to be impaired if the z scores of the neuropsychological tests were one or more standard deviations below the

mean of the normative group

® The presence of neglect was determined on the basis of the BITC sum score

severity was lower in the T+ group than in the T— group at
the hospital ward 4 days after onset, which might be due to
the positive effects of thrombolytic therapy. This sugges-
tion is in line with the National Institute of Neurological
Disorders and Stroke (NINDS) rt-PA Stroke Study [7], in
which rt-PA-treated patients had milder stroke severity at
24 h. In our patient sample the T+ patients had signifi-
cantly better visuoconstructive abilities than the T—
patients. It is possible that thrombolytic therapy reduces the
incidence of visuoconstructive deficits in acute RH stroke.
This suggestion is supported by the fact that the incidence
of visuoconstructive deficits was lower in the T+ group
(4%) than in the T— group (36%). In this sample of
patients visuoconstructive deficits were less common than
reported in previous studies, and especially among the T+
patients the incidence was low. Hier et al. [11] reported that
93% of RH stroke patients had deficits in visual con-
struction, and Nys et al. [5] found that 31% of LH and RH
stroke patients had deficits in visual perception and con-
struction at the acute phase of stroke. Both of these studies
included patients with hemorrhage or infarct, but it is
unlikely that this explains the difference in the incidence of
visuoconstructive deficits. It is possible that thrombolysis
has the effect of reducing this incidence.

There were also fewer neglect patients in the T+ group
(11%) than in the T— group (21%), although this difference
was not statistically significant, which might be due to the
small size of the patient groups. The incidence of neglect
was relatively low in T+ patients when compared to pre-
vious studies with RH patients [12, 13]. In T+ patients
11% had neglect, whereas Jehkonen [13] reported an
incidence of 35%. The exclusion criteria and the setting
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used in the study by Jehkonen [13] were the same as in
ours, with one exception: none of the patients received
thrombolytic therapy. Interestingly, T+ patients did not
differ from T— patients in visual search and reasoning
skills or in visual memory.

One could argue that thrombolysis reduces the amount
of infarcted tissue at the acute phase of stroke, which is
seen in the difference in stroke severity as well as in the
incidence of visuoconstructive deficits between T+ and
T— groups. It also might be that the presence of neglect
was lower in the T+ group due to the same phenomena.
However, location of the lesion, not size of the infarct
alone, is critical to eventual clinical outcome. Perhaps,
therefore, the estimated effect of thrombolytic treatment is
not seen in visual search and reasoning skills or in visual
memory.

According to Nys et al. [8], a neuropsychological eval-
uation conducted 6 months after onset showed that
thrombolytic therapy had no effect. They did not, however,
examine patients’ cognitive abilities at the acute phase. On
the other hand, Nys et al. [8] did find that thrombolytic
therapy had a favourable effect on basic and instrumental
ADL skills 6 months after onset. This was not confirmed
by our findings at the acute phase. In fact, our results
indicated the opposite, as we found that thrombolysis might
have a favourable effect on cognitive functioning and not
on basic ADL at the acute stage of stroke. Nys et al. [8]
suggested that thrombolytic therapy has a short-term effect
on cognitive outcome, but this effect is not sustained at
6 months since the difference disappears in the long term
due to a gradual recovery in untreated patients. Our results
support their suggestion. When our results are compared
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with those of Nys et al. [8], it is also necessary to bear in
mind that their patient group was more heterogeneous than
ours since it included both RH and LH patients and both
infarct and haemorrhage patients.

Our results indicate that thrombolytic therapy might
have a positive effect on stroke severity and on visuoper-
ceptual functioning at the acute stage of stroke. To the best
of our knowledge this is the very first study to report on the
association between thrombolytic therapy and visual
functioning after acute stroke. However, it must be noted
that our sample was restricted to patients with first-ever RH
infarct and the sample size was relatively small. Therefore,
these findings cannot be directly generalised to the stroke
population as a whole, and our results need to be verified
with a larger patient group including both LH and RH
stroke patients. Furthermore, we were unable to randomize
thrombolysis because our patients were excluded from that
treatment on the basis of standard clinical procedures: (1)
NINDS criteria [7], or (2) time window for the treatment
(>3 h post-stroke). We wanted to minimize the influence of
possible factors diminishing the estimated effect of treat-
ment. Therefore, our patients were matched for age, edu-
cation and stroke severity at the time of admission to the
emergency department.

The strength of this study lies in its focus on a homo-
geneous group of consecutive patients with first RH infarct.
Since our study is the first to examine the effect of
thrombolysis on cognitive functioning at the acute stage of
stroke, and since not all of the differences reached statis-
tical significance, the results need to be verified with a
larger patient group. Our ongoing research is aimed at
clarifying the effect of thrombolysis on the recovery of
cognitive functioning. To conclude, our results indicate
that thrombolysis has a favourable effect on visuopercep-
tual functions in acute stroke.
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