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Abstract

Background and purpose

There is growing evidence that visuospatial neglect (VSN) is associated with lower func-

tional performance in other modalities and is not restricted to the lesioned hemisphere

alone, and may also affect the non-lesioned hemisphere in severe first-ever strokes. We

aimed to investigate the longitudinal association between the severity of VSN, as reflected

by the extent of ipsilesional and contralesional spatial attention deficit, and clinical severity

of stroke.

Methods

This is a secondary data analysis with merged data from two prospective cohort studies.

Resulting in 90 patients and 8 longitudinal measurements at 1, 2, 3, 4, 5, 8, 12, and 26

weeks post-stroke onset. A letter cancellation test (LCT) was used as the primary outcome

measure to demonstrate presence and severity of VSN. The clinical severity of stroke was

classified using the Bamford Classification.

Results

No significant association between clinical severity and the number of ipsilesional, as well

as contralesional, omissions on the LCT was observed. Recovery of VSN at the contrale-

sional hemiplegic, as well as ipsilesional non-hemiplegic side, was only dependent on ‘time’

as a reflection of spontaneous neurobiological recovery post-stroke. The recovery of the

ipsilesional extension of VSN was significantly slower for the total anterior circulation infarct

(TACI) group compared to the non-TACI group.
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Conclusions

Larger strokes have a significant negative impact on recovery of visual attention at the

non-hemiplegic side. No clinical determinants that regulate spontaneous time-dependent

recovery of VSN were found. While early ‘stroke severity’ has been regarded as a strong

predictor of functional outcome at a group level, other prognostic factors (demographic,

stroke related) need to be determined.

Clinical trial registration

EXPLICIT-stroke Trial: http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1424

Stroke Intensity Trial: http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1665

Introduction

Visuospatial neglect (VSN) is a frequent disorder following stroke, leaving patients with

impaired or even lost awareness for contralesional stimuli and/or events (i.e. side of space

opposite to the lesioned hemisphere). In very severe cases of VSN, the deficit may also encom-

pass stimuli and/or events at the ipsilesional side, in other words, the same side of space as

the lesioned hemisphere. Either due to hypo-attention to the contralesional field [1, 2], hyper-

attention to the ipsilesional field [3] or attentional imbalance and hemispheric rivalry [4, 5]. At

the behavioural level this results in comparable observations, leaving patients with VSN with a

limited magnitude of space that they are aware off.

Although spontaneous neurobiological recovery of VSN occurs naturally in most patients

within the first 10–12 weeks post-stroke onset [6], it remains present in up to 40% in patients

with severe stroke [6, 7]. Several cohort studies with repeated measures in time suggested that

VSN is negatively associated with magnitude of recovery of other neurological impairments

such as motor recovery post-stroke [8, 9], and functional outcomes [6, 10]. In addition, there

is growing evidence that VSN is associated with lower functional performance in other neuro-

logical modalities [9] and not restricted to the lesioned hemisphere alone. VSN, however, may

also affect the so called non-lesioned hemisphere in (very) severe first-ever strokes [11], most

likely due to interhemispheric white matter disconnection between both hemispheres. For

accurate prognosis, more insight is necessary in the complex interaction between severity of

stroke and attention deficits of both the contralesional and the ipsilesional side early post-

stroke onset.

Therefore, the primary aim of the current study was to investigate the association between

the severity of VSN after right hemisphere stroke, as reflected by the extent of ipsilesional

visuospatial attention deficit (besides the contralesional spatial attention deficit) and clinical

severity of stroke indicated with the Bamford Classification [12]. The clinical severity of stroke

is strongly predictive of functional outcome on a group level [13] and was categorised as total

anterior circulation infarct (TACI) versus non-TACI (see 2.3 Outcome measures). The second

aim was to investigate the longitudinal association between the time course of recovery of the

ipsilesional visuospatial deficit, recovery of contralesional visuospatial attention deficit, and

clinical severity of stroke (TACI versus non-TACI). We hypothesized that a contralesional

visuospatial attention deficit is comparable between large and moderate strokes (TACI versus

non-TACI), that especially the magnitude of the ipsilesional visuospatial deficit is associated

Clinical severity of stroke and recovery of visuospatial neglect
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with stroke severity and that the time course of spontaneous neurobiological recovery in terms

of VSN is prolonged in case of larger strokes (TACI).

Methods

Patients

This is a secondary data analysis with data merged from two prospective cohort studies: the

EXPLICIT-stroke trial [14, 15](NTR, www.trialregister.nl, TC1424) and the Stroke Intensity

trial [16, 17].

Only patients with VSN were included for the statistical analyses in the present study. From

the 260 stroke patients from both cohort studies, 90 patients with a first-ever, ischemic, right-

hemisphere stroke and VSN (as measured with a letter cancellation test, see 2.3 Outcome mea-

sures) were included in the present study (see also [18]). Informed consent was obtained in

accordance with the declaration of Helsinki (2013). The EXPLICIT-stroke Trial was registered

in the Dutch Trial Registry (NTR, www.trialregister.nl, TC1424) and approved by the by the

Medical Ethics Review Committees of Leiden University Medical Center (No. P08.035)

and the Dutch Central Committee on Research Involving Human Subjects (CCMO: No.

NL21396.058.08). The Intensity Trial was registered in the Dutch Trial Registrey (NTR, www.

trialregister.nl, TC1665) and approved by the local Ethical Committee of the VU University

Medical Centre, Amsterdam, the Netherlands (https://www.vumc.nl/afdelingen/METc/

METc/). The authors confirm that all related trials for this intervention were registered.

Procedure

For both trials, the research protocols were implemented within 14 days post-stroke onset. The

interventions were focussed at functional motor recovery. Final outcome was defined at 26

weeks for the EXPLICIT-stroke trial and 52 weeks for the Stroke Intensity trial. For the current

study, this resulted in 8 longitudinal, weekly measurements at weeks 1 up to 5, and follow-

up measurements at weeks 8, 12, and 26. All outcome measures were obtained during these

measurements.

Outcome measures

In the present study, the letter cancellation test (LCT) was used as the primary outcome mea-

sure to demonstrate presence and severity of VSN. Here, patients had to cancel O-s among

other letters on a sheet of A4 paper containing 20 O-s on the left side, 20 O-s on the right side,

among 425 distractors in total [19]. Both targets and distractors were randomly arranged

throughout the page. The difference between the number of omissions on the left versus right

side of the paper was used to indicate VSN. To clarify, [i.e. an asymmetry score of at least 2

contra versus ipsilesional omissions, 6].

The clinical severity of stroke was classified using the Bamford classification [12]. This clas-

sification distinguishes reliably and validly between a TACI, partial anterior circulation infarct

(PACI), lacunar anterior circulation infarct (LACI) or posterior circulation infarct (POCI)

[12]. With respect to the aims of this study, we focus on TACI and non-TACI (i.e., LACI or

PACI). Diagnosis of TACI (affecting the entire anterior circulation supplying one hemisphere)

requires patients to show (1) hemiparesis of the face, arm and/or leg, (2) homonymous hemia-

nopia, and (3) cognitive deficits, such as VSN [12]. All three symptoms are needed for the

classification of TACI. In contrast, in patients with smaller strokes affecting only part of the

anterior circulation supplying one hemisphere, only two of the abovementioned symptoms are

needed for the classification (non-TACI). In the present study patients in the non-TACI group

Clinical severity of stroke and recovery of visuospatial neglect
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had hemiparesis of the face, arm and/or leg and VSN. The Bamford classification is found to

be a reliable [20] and valid classification associated with findings from CT or MRI-scans [12,

21], showing predictive validity with respect to meaningful outcomes such as ADL [12, 22].

The patients’ medical records were also reviewed to capture the following relevant data: age,

sex, and time post-stroke onset. Additionally, intervention type (arm training, leg training,

immobilisation, EXPLICIT-stroke treatment, EXPLICIT-stroke control) and clinical assess-

ments were noted: cognitive impairments as measured with the mini mental state examination

(MMSE), synergistic motor control of the paretic arm as measured with the Fugl-Meyer assess-

ment (FMA-arm), motor strength of the paretic arm as measured with the motricity index (MI-

arm), and independence in activities of daily living as measured with the Barthel index (BI).

The MMSE [23] examines orientation, memory, attention, calculation, language, and con-

struction functions. Scores vary from 0 (severe cognitive impairments) up to 30 (no cognitive

impairments). In general, a score of less than 24 is considered as cognitive impairment.

The FMA-arm [24] is a stroke-specific, performance based impairment index, designed to

assess motor functioning in patients with post-stroke hemiplegia. It contains 33 items scored

on a 3-point scale (i.e. 0, 1, and 2 points; range 0–66 points; 66 reflects normal motor function).

The MI-arm [25] consists of three items for the arms (i.e. pinch grip, elbow flexion, shoul-

der abduction). Scores range from 0–100, with 100 points reflecting normal motor function

(ordinal 6-point scale (i.e. 0, 11, 19, 22, 26, and 33 points) per item +1).

The BI [26] measures the extent of independence and mobility in ADL, i.e. feeding, bathing,

grooming, dressing, bowel and bladder control, toileting, chair transfer, ambulation, and stair

climbing. Scores range from 0 (completely dependent) up to 20 (completely independent).

Statistical analyses

First, demographic and clinical stroke characteristics were compared between the two groups,

patients with a TACI versus patients with a non-TACI, using non-parametric tests.

Next, the regression coefficient was estimated for the association between the predictor

clinical severity (i.e. TACI versus non-TACI) and outcome (i.e. contralesional or ipsilesional

omissions) adjusted for study population. In a separate model this association was also

adjusted for time. Moreover, in this latter model interaction terms between clinical severity

and time were added to investigate whether this severity was dependent on time. The data

structure was clearly hierarchical, as repeated observations (level 1) were nested within patients

(level 2). The data analysis required implementation of multilevel random coefficient analysis,

which was performed using MLWIN version 2.26. The restricted iterative generalised least-

squares (RIGLS) estimation procedure was used to estimate the regression coefficients of the

derived model. Assumptions required for conducting regression analyses were assessed by

inspecting normal probability plots and plots of standardized residuals versus predicted values.

We controlled for clinical trial (because studies had different inclusion criteria) in the multi-

level analyses. The time-dependency of both ipsilesional and contralesional VSN data was

investigated by using random coefficient analyses, corrected for type of intervention. For all

tests, a two-tailed significance level of .05 was used. The Wald-test was used to obtain p-values

for the regression coefficients.

Results

Demographic and stroke characteristics

An overview of demographic and stroke characteristics at baseline is given in Table 1. Both

groups (TACI versus non-TACI) were comparable with respect to age (U = 861.5, z = -1.034,

p = .301), sex (χ2 = 1.600, p = .206), time post-stroke onset (U = 978, z = -.082, p = .934),

Clinical severity of stroke and recovery of visuospatial neglect
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MMSE (U = 681.5, z = -1.709, p = .087), BI (U = 603.5, z = -1.202, p = .229), FMA-arm

(U = 646, z = -1.132, p = .258), MI-arm (U = 702.5, z = -1.075, p = .282), and contralesional

(U = 530, z = -1.450, p = .147) and ipsilesional omissions (U = 526, z = -.980, p = .327). Type

of treatment was unequally distributed across groups (overall: χ2 = 15.00, p = .005; TACI:

χ2 = 11.737, p = .019; non-TACI: χ2 = 52.231, p< .001).

In Table 2, the median number of omissions (and IQR) on the letter cancellation test is

given per side per week, split for group (TACI versus non-TACI). In Fig 1, the distributions of

the number of omissions are given per side per group.

Random coefficient analysis

Ipsilesional VSN. Overall, no significant association was observed between clinical sever-

ity (TACI versus non-TACI) and number of ipsilesional omissions measured with the LCT

(Table 3). However, the association between clinical severity and number of ipsilesional omis-

sions appeared dependent upon the time of measurement post-stroke. Corrected for type of

intervention, the number of ipsilesional omissions decreased weekly with 0.14 during the first

26 weeks, whereas its relation with clinical severity decreased with 0.06 (Table 4). In other

words, fewer ipsilesional omissions were observed with increasing time since the stroke event.

Contralesional VSN. Overall, no significant association was observed between clinical

severity (TACI versus non-TACI) and number of contralesional omissions (Table 3). Also, no

time-dependent association between clinical severity and number of contralesional omissions

was observed (Table 4). In this model, only a significant association was observed between

number of contralesional omissions and time post-stroke onset; with each weekly and follow-

up measurement, the number of contralesional omissions dropped with 0.31 (Table 3).

Discussion

The current study shows no significant overall association between clinical severity assessed

within the first 2 weeks post-stroke onset and the number of ipsilesional, as well as contralesional

Table 1. Demographical and stroke characteristics of patients with VSN, per group at baseline (TACI versus non-

TACI).

Clinical variables Results TACI (SD) Results Non-TACI (SD)

Group size 38 52

Age in years 62.42 (11.92) 60.06 (11.92)

Sex (male) 52.6% 59.6%

Time post-stroke in days 7.29 (2.56) 7.35 (2.62)

Study

Stroke Intensity trial [16, 27] 81.3% 11.5%

EXPLICIT-stroke trial[14,15] 18.8% 88.5%

MMSE (0–30) 25.81 (2.42) 26.62 (2.60)

BI (0–20) 5.00 (4.09) 6.02 (4.29)

FMA-arm (0–66) 9.71 (11.33) 11.27 (20.05)

MI-arm (0–100) 10.78 (21.53) 15.04 (26.00)

LCT contralesional omissions (0–20) 16.36 (4.59) 13.43 (6.81)

LCT ipsilesional omissions (0–20) 6.81 (6.40) 6.00 (6.45)

BI: Barthel Index; FMA-arm: Fugl-Meyer Assessment arm; LCT: Letter Cancellation Test; MI: Motricity Index;

TACI: total anterior circulation infarct according to the Bamford classification; non-TACI: other classification than

TACI, according to the Bamford classification [12].

https://doi.org/10.1371/journal.pone.0198755.t001
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omissions measured, with the LCT. Recovery of VSN at the contralesional hemiplegic, as well as

ipsilesional non-hemiplegic side, was only dependent on ‘time’ as a reflection of spontaneous

neurobiological recovery post-stroke. Recovery of VSN at the contralesional and ipsilesional side

was comparable between both groups, yet a trend toward lower omission scores was observed

for the ipsilesional side only.

Irrespective of initial severity of stroke, only progress of time, as a reflection of spontaneous

neurobiological recovery [28], seems to be the only factor responsible for recovery of VSN

post-stroke. To date, this time course of neurological recovery is observed for several neurolog-

ical impairments such as speech [29], upper [30] and lower limb motor impairment [31] as

well VSN [18]. In the recent study by Winters et al [18] on the same cohort, 80 out of the 90

right hemispheric strokes followed a 80% proportional recovery rule for VSN after stroke [18].

The 10 non-fitters who failed to show any spontaneous neurological recovery for VSN also

failed to show spontaneous recovery for other modalities such as motor impairment [18]. This

finding suggests that the time course of spontaneous neurobiological recovery including that

for VSN is driven by a common poorly understood mechanism which is already defined

within the first weeks post-stroke onset [32]. Similarly, Winters et al also showed that the Bam-

ford classification score was not a significant determinant for both patients who did or did not

fit the fixed proportional recovery rule [18]. Aforementioned findings support the theory of

Von Monakov with respect to diaschisis, the temporary loss of excitability of neurons remote

from the original lesion [33–35]. The core of the theory is that the loss of remote excitability

may explain clinical symptoms that cannot be directly related to the lesion, that it resolves over

time and that the severity of behavioural consequences is strongly correlated with the severity

of diaschisis [33–35]. Connectional diaschisis encompasses changes in connectivity between

Table 2. The median number of omissions (and IQR), per side (ipsilesional versus contralesional), per week, split

for group (TACI versus non-TACI).

Time post-stroke

onset

Number of omissions on the LCT for

TACI (IQR) (N = 38)

Number of omissions on the LCT for Non-

TACI (IQR) (N = 52)

Ipsilesional

1 week 3.5 (1.75–14.25) 3 (0–11)

2 weeks 2 (0–10.5) 1 (0–5)

3 weeks 1 (0–7) 1 (0–5)

4 weeks 1 (0–6) 0 (0–3)

5 weeks 1 (0–2) 0 (0–2)

8 weeks 0 (0–2) 0 (0–1)

12 weeks 0 (0–1) 0 (0–1)

26 weeks 0 (0) 0 (0–1)

Contralesional

1 week 18 (14–20) 16 (7–20)

2 weeks 11 (7–20) 9 (2–19)

3 weeks 12 (4–20) 6 (2–15)

4 weeks 8 (3–20) 6 (2–14)

5 weeks 8 (3–16) 3.5 (1–8)

8 weeks 4 (1–10) 3 (.5–7.5)

12 weeks 3 (0.25–6) 3 (1–7.25)

26 weeks 2 (0–7.5) 2 (0–4)

Contralesional: side of space opposite to the lesioned hemisphere); ipsilesional: side of space on the same side as the

lesioned hemisphere; LCT: letter cancellation test.

https://doi.org/10.1371/journal.pone.0198755.t002
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affected areas (including the lesioned area) and even the ipsilesional hemisphere [36]. Unfortu-

nately, we did not find clinical determinants that predicted the time course of spontaneous

neurobiological recovery [37, 38]. Acknowledging that this time course of spontaneous recov-

ery of neglect is proportionally fixed for most patients [18], 2017), the factors that identify

those stroke victims that fail to follow this proportional recovery rule is regarded as one the

main targets for future recovery studies [37]. While early ‘stroke severity’ has been regarded as

Fig 1. Distributional characteristics of the scores on the letter cancellation task per group (TACI versus non-

TACI), split for side: a. contralesional hemiplegic side, b. ipsilesional ‘sound’ side.

https://doi.org/10.1371/journal.pone.0198755.g001
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a strong predictor of functional outcome at a group level, other prognostic factors (e.g., demo-

graphic, genetic phenotype as well as stroke related) need to be determined [13]. This stresses

the urgency of finding other biomarkers by means of animal [13, 32, 38, 39], molecular, and/or

neuro-imaging studies [13, 32, 38].

Even though the present study reflects one of the largest patient cohorts suffering from

VSN post-stroke, some limitations need to be addressed. First, we did not have direct measures

for lesion size and lesion location. Even though the Bamford classification is a widely used, reli-

able and valid clinical measure [12], it obviously lacks the level of detail of the volume of the

lesion that neuro-imaging measures can display. In the same line of reasoning, not only corti-

cal but also subcortical involvement (integrity of white matter) is a likely candidate for signifi-

cant biomarkers, related to severity of stroke [32, 38]. Second, only right-hemisphere, first-

ever stroke patients were included. A recent study by Ten Brink et al [40] indicated that

although the core component of VSN—the lateralised attention deficit—was more severe in

left-sided compared to right-sided VSN, there was large overlap in clinical outcomes and

impact of VSN on for example motor impairment and independence during ADLs. Given the

subset of VSN patients in the present study, it remains unknown whether current results are

hemisphere related (i.e. restricted to the right hemisphere or not). Third, VSN was indicated

with only one pen-and-paper test. As VSN is a very heterogeneous syndrome, it is likely that a

subset of patients who were excluded from the original studies, based on their performance on

the LCT, still have VSN. For future studies, it would be important to use different tests for

VSN, also to verify whether the clinical manifestations (and range of severity herein) are com-

parable with respect to, for example, severity of stroke, spontaneous time-dependent recovery,

etc. Somewhat related to this limitation, only asymmetry scores were used as the outcome

measure and not, for example, a continuous measure of severity such as the center of cancella-

tion. The center of cancellation not only takes into account the number of omissions, but also

their specific location, resulting in one outcome measure indicating severity. Fourth, no other

Table 3. Multilevel unstandardized regression coefficients, confidence intervals (CI) and level of significance for

the association between clinical severity and time-dependent recovery of ipsilesional and contralesional omissions

on the letter cancellation test during the first 26 weeks post-stroke, corrected for trial (N = 90).

Outcome measure β value 95% CI P-value

Ipsilesional omissions

Clinical severity 0.89 -1.04–2.83 .37

Contralesional omissions

Clinical severity 1.92 -1.24–5.07 .23

https://doi.org/10.1371/journal.pone.0198755.t003

Table 4. Multilevel unstandardized regression coefficients, confidence intervals (CI) and level of significance for

the association between clinical severity and time-dependent recovery of ipsilesional and contralesional omissions

on the letter cancellation test during the first 26 weeks post-stroke, corrected for trial (N = 90).

Outcome measure β value 95% CI P-value

Ipsilesional omissions

Clinical severity 1.63 -0.39–3.66 .11

Time -0.14 -0.18–-0.10 < .001

Clinical severity�time -0.06 -0.12–-0.002 .04

Contralesional omissions

Clinical severity 3.12 -0.15–6.38 .06

Time -0.31 -0.37–-0.25 < .001

Clinical severity�time -0.07 -0.15–0.02 .15

https://doi.org/10.1371/journal.pone.0198755.t004
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data on cognitive impairment was available besides the MMSE as a cognitive screener. Even

though both groups showed comparable scores on the MMSE—and above the cut-off value as

an indication for cognitive impairment -, we can not rule out that patients would also have

other cognitive impairment. Fifth, data from two trials with repeated measurements in time

were merged. Even though the inclusion criteria for both trials were largely comparable and

we used additional inclusion criteria for this study, it turned out that the more severe stroke

were mainly included from the Stroke Intensity trial [16], where the non-TACI patients were

largely included from the EXPLICIT-stroke trial [15]. Although we included trial type as a

covariate in the analyses, the asymmetrical distribution of participants from the original stud-

ies in the newly created cohort might have influenced the outcome. Last, no data was collected

in the acute phase—within the first 72 hours post-stroke onset—as initial assessments were

performed approximately 7 days post (SD 2.6 days) stroke onset on average. It might be that

the largest, most significant interaction effects between, on the one hand, severity of stroke,

and, on the other hand, severity of VSN are found in the acute phase post stroke.
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