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Visuospatial neglect may interfere with activities of daily living (ADL). Prism adaptation (PA) is one treatment option and may involve two components: recalibration (more strategic) and realignment (more implicit). We examined whether recalibration or realignment is the driving force in neglect rehabilitation using PA. In a randomized controlled trial with two recruitment series and a cross-over design, 24 neglect patients were allocated to a continuous (PA-c) or intermittent (PA-i) PA procedure. During the PA-c condition, goggles were worn without doffing. In the PA-i condition, patients donned goggles twice (first series of patients) or three times (second series) during training to induce more recalibrations. Primary outcome parameters were performance (omissions) on the Apples Cancellation Test and ADL scores. To assess the efficacy of the PA treatment, we compared effect sizes of the current study with those from three groups from previous studies at the same rehabilitation unit: (1) a passive treatment with a similar intensity, (2) a placebo treatment with a similar intensity, and (3) a PA treatment with fewer therapy sessions. Treatment conditions did not significantly predict scores on primary and most secondary outcome parameters. However, the spontaneous ipsilesional body orientation improved only in patients receiving the PA-i condition and this improvement also appeared in patients showing a strong after-effect (irrespective of condition). Effect sizes for the Apples Cancellation Test and the Functional Independence Measure were larger for both PA treatment protocols than the historical control groups. We conclude that more recalibrations during an intermittent PA treatment may have a beneficial effect on spontaneous body orientation but not on other aspects of neglect or on ADL performance.

Clinical Trial Registration: German Clinical Trials Register, identifier: DRKS00018813, DRKS00021539.
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INTRODUCTION

Visuospatial neglect is a common disorder following right-hemispheric stroke and is characterized by an inability to orient to stimuli on the left side of space (1–3). It is related to difficulties in activities of daily living (ADL) and to longer treatment in a rehabilitation unit (4). Hence, neglect needs to be diagnosed carefully and treated accordingly (5). One option for treating visual neglect is prism adaptation training [PA; (6)]. During PA, patients wear wedge prisms that shift the external world about 10° rightward while repeatedly making pointing movements to visual targets (7). The prismatic shift results in a terminal error, but patients learn to compensate for it (8). After the training, patients show the characteristic after-effect: their reaching movements are biased to the left, indicating that adaptive learning has occurred.

It has been argued that the effects of PA might result from two components in the adaptation process (9–12). Recalibration is a strategic compensatory response needed to adjust motor commands when reaching for objects (8, 13, 14). It is seen as an immediate reaction to the prism-induced deviation (8, 15, 16). The second component is spatial realignment, which is an automatic but slowly developing sensorimotor learning process (13). It involves an alignment of visual and proprioceptive-motor reference frames (17) when their spatial relationships have been modified, as is the case in PA (8, 18, 19).

There is consensus that recalibration and realignment are functionally and neuronally dissociable components of the adaptation process (20–23), with recalibration being ascribed to early pointing movements after putting on the prism goggles and realignment to later trials of PA (8, 24). A recent review of neuro-imaging and neuro-stimulation studies by Panico et al. (8) proposes that realignment and recalibration processes are both mediated by distinct cerebellar and parietal areas, whereas the superior temporal gyrus and sulcus are particularly involved in realignment, and the primary motor cortex may be activated during recalibration [see also (25)]. There are also several studies specifically investigating the two processes by an active manipulation of the PA procedure (10, 12, 21–23, 26). Here, classical single-step (constant full visual shift) and multi-step (a progressive increase from no shift to full visual shift) PA conditions were compared, and the limb starting position visibility and visual feedback availability were varied. Results from these studies on healthy participants indicate that individuals who do not show recalibration still show signs of realignment and the corresponding after-effects. Performance errors and recalibration are therefore considered not to be a necessary precondition for realignment to occur (14). However, studies showing similar results in neglect patients are lacking. Hence, it remains poorly understood to what extent each of the two components drives the improvement in spatial orientation in neglect patients after PA.

Neglect as a syndrome can be viewed as an attentional-representational disorder with visuomotor components (5) and some authors assume that PA presumably works via circuits in the dorsal visual stream controlling attention as well as visuomotor behaviors and less via brain regions in the ventral stream processing perceptual components of the disorder (27, 28). However, others assume that PA treatment can specifically impact visuomotor behaviors independent from perceptual-attentional deficits (29). Regarding the motor domain, neglect can be considered as a disorder of visual-motor calibration (14) and it interferes with strategic control mechanisms during PA [such as pointing left of the perceived target location; (20)]. Hence, by adapting PA treatment to “overcome” this functional deficit, it may be hypothesized that offering more opportunities to learn from recalibration (i.e., using strategic processes of error correction more frequently) during treatment may produce stronger effects than commonly seen. Alternatively, based on research with healthy individuals mentioned earlier (10, 12, 21–23, 26), it may be hypothesized that a longer adaptation period without interruptions may have a beneficial effect on the realignment component and, consequently, on the outcome scores because sensory-motor learning can be fully deployed [compare (8)]. Further support for this notion comes from studies showing that longer phases of adaptation, usually achieved by executing more pointing movements, will strengthen motor learning (i.e., pointing deviations will reach an asymptote) and realignment of the visuomotor coordinates will be more intensive, indicated by larger after-effects (30, 31).

The question of whether recalibration or realignment is the major driving force for neglect symptom reduction is of considerable therapeutical relevance because the answer may have an impact on the composition of future PA training programs. These could either focus more strongly on explicit processes (i.e., strategic recalibration) by using protocols allowing for frequent donning and doffing of prism goggles or on implicit processes (i.e., realignment) with conventional continuous donning of goggles. Therefore, we carried out a randomized controlled trial (RCT) with two recruitment series. We compared two PA-conditions, one in which the goggles were worn continuously during a session (PA-c) and one in which patients donned goggles twice (in a first recruitment series) or three times (in a second series) during the training (PA-i). If recalibration is more important for the neglect outcome after PA, patients in the PA-i condition should show significantly stronger improvements than those completing the PA-c training due to additional opportunities for using explicit strategies. Otherwise, if the realignment process drives improvements more strongly, patients in the PA-c condition should show greater neglect symptom reduction.

The present study was designed to compare two PA treatment protocols and not to show whether PA is generally effective in treating neglect. Since this is also of therapeutic relevance and since several PA studies have been conducted in the same rehabilitation unit (Neurological Department of the Hospital Bremen-East), we were able to compare effect sizes from the current study with those from three earlier PA studies: 1) a passive treatment with the same training intensity (32), 2) a placebo treatment with the same intensity (33), and 3) a PA treatment with fewer therapy sessions (34). Inclusion and exclusion criteria as well as the choice and time points of neuropsychological and ADL assessments of the control groups were similar to our study (25 days between pre- and post-treatment assessments).



MATERIALS AND METHODS


Participants

In total, 24 patients diagnosed with visuospatial neglect after right-hemispheric lesions were recruited in two series (RCT) from 2019 to 2020 at the early rehabilitation unit of the Clinic Bremen-East (Barthel Index < 30 points at admission). They all suffered from cerebrovascular disease (stroke, intracerebral bleeding, non-traumatic subarachnoid bleeding) and were randomly allotted to one of the intervention groups (first PA-i and then PA-c or the reversed order, Figure 1). Clinical characteristics are summarized in Table 1. Patients who received PA-i first were recruited on average 21.09 (SD = 15.53) days after disease onset; patients starting with the PA-c condition began 21.62 days (SD = 19.55) after onset. Inclusion criteria were the presence of left visual neglect as indicated by neuropsychological neglect tests (see below). More specifically, only patients were included who showed an impaired performance on the primary neuropsychological outcome parameter Apples Cancellation Test (35). Impaired performance was defined as more than two omissions more on the left side of the page than on the right side [page-based asymmetry score; (35)]. Moreover, they had to be able to sit in a wheelchair for at least 45 min and to participate in at least 10 of 15 planned therapy sessions. Exclusion criteria were the presence of secondary normal pressure hydrocephalus (indicated by medical report and computer tomography scans) or premorbid dementia (verified by a medical report, computer tomography/MRI scans, and reports of relatives). All patients were informed about the procedure and objective of the study and gave written consent prior to participation. The study was approved by the Bremen Medical Board's Ethics Committee and registered at the German Clinical Trials Register (IDs: DRKS00018813, DRKS00021539).


[image: Figure 1]
FIGURE 1. Flowchart of the sample over the course of the study (both recruitment series).



Table 1. Clinical characteristics of the two combined PA groups (both series and after completing both conditions of cross-over design) following an intermittent or continuous protocol.

[image: Table 1]



Design

Patients were assigned to a protocol starting either with a continuous (wearing the prisms continuously during the entire session), or an intermittent (putting them on two (first series) or three times (second series) within the same session, with doffing of prisms in-between) condition (intervention 1, see Figure 2). Therapy sessions lasting 30–40 min were offered for 15 days, with one session per day and with weekends off.


[image: Figure 2]
FIGURE 2. Overview of the study design.


To ensure proper concealment, lists with random orders (begin with either PA-i or PA-c, followed by intervention 2) were created prior to enrolment by using a random number generation algorithm (SPSS). They were created by HH and a person external to the project chose one of them covertly. Conditions were allocated accordingly to a patient enrolled by JS or SK.

Patients were evaluated twice before the start of the treatment (T1 and T2, 3 days in-between) and 1 day after the last session of the first intervention (T3). Patients started the second intervention 1 day after T3. The next assessment took place 1 day after the last session of intervention 2 (T4). For comparing the two protocols of the first intervention, we used the results from T2 as the PRE assessment scores to control for spontaneous remission effects and from T3 as the POST treatment measurement. For the second intervention, T3 scores were used as PRE and T4 scores as POST assessments. Before conducting the study, we calculated that, with a significance level of α = 0.05 and a power of 1-β = 80%, a sample size of at least 32 patients (entire sample, two-sided tests) was necessary to ensure that at least one patient would improve performance more than 1 SD at a minimum.

The setup of the PA therapy is shown in Figure 3. Patients wore wedge-shaped prism goggles that shifted the visual field 10° to the right. The patient's right visual field was restricted with a cloth (30 × 30 cm) attached laterally to the prism glasses to prevent seeing the right arm prior to movement execution (terminal exposure). In the PA-c training and in both recruitment series, patients wore the goggles continuously for 20–30 min. For the remaining 10 min of training, goggles were not worn. During PA-i training, a patient wore them the same amount of time. However, in the first series, goggles were donned twice within each session and three times in the second series. Pointing movements were kept constant for both conditions and for both phases of prism donning and doffing. Thus, the only difference between PA-i and PA-c was that in the former, patients donned and doffed goggles in-between, whereas patients in the latter conditions wore them without any break.


[image: Figure 3]
FIGURE 3. Setup of the prism adaptation treatment (all computerized tasks). Patients wear prism goggles with a cloth attached to their frame (see gray curved area), serving as a visual barrier. The depictured task is to find a randomized number among a few distractors and to press the respective button on the keyboard by making a reaching movement. Finally, for confirming the input, another movement toward an external button (right-hand side) needed to be executed. Then, the hand was laid down at this final position. The task starts again.


A total number of at least 50 reaching movements (over the tasks) while wearing the prisms was aimed at for all patients to increase the probability that an after-effect would build up in both conditions. This choice was based on a review by Barrett et al. (29) stating that the direct effect of the optical shift will disappear after about 50 movements. When the patient did not seem to complete the required number of trials before the end of the therapy session, the therapist read out a randomized sequence of numbers in the last 1–2 min of the session, requiring the same movements to the respective buttons as in the prepared stimulus list.



Procedure

To increase the motivation of the severely impaired patients and to enable an early start of the treatment, a set of five individually adjustable tasks (four computerized tasks and one non-computer-based task) were offered over the two intervention periods. During the computerized tasks, the patient sat centered in front of a computer screen and a RehaCom response panel containing buttons, numbered from 0 to 9 [about 30 cm distance between leftmost and rightmost keys; (36)]. An external button was placed outside a patient's visual field, about 50 cm from the body midline (right-hand side). It served as the starting point for all reaching movements and ensured that a patient could only view the last terminal 10 cm of a movement (after crossing the visual barrier with the hand). A patient was asked to make rapid and visually-guided reaching movements toward the button on the panel corresponding with the target stimulus on the screen. Reaching distance (e.g., more to the left/right) was randomly varied and depended on the required button press (0 = leftmost, 9 = rightmost). The response had to be confirmed by a subsequent movement back to the external button (“OK”) and the hand was finally laid down at that place. All patients followed this procedure both when wearing the goggles and while not wearing them.

The first of five tasks, used to practice with the goggles, was the RehaCom module “Attention and Concentration” (36). Patients were asked to search for a picture (indicated by a number from 1 to 9) that matched the target picture presented continuously during each trial on the right side of the screen. The corresponding button was pressed after finding the picture. The search space was to the left of the target and included several similar pictures and one identical to the target. Task difficulty was automatically raised after 20 correct responses (by default) by changing the number of pictures in the search set (e.g., 3, 6, or 9) or by changing the pictures' richness of details.

The second task was the RehaCom module “Saccadic Training” (36). The patient was first looking at a fixation point in the middle of the screen. During the task, target stimuli appeared on the left and right sides of the screen accompanied by an auditory signal. The finding of the object was indicated by either pressing the left or right arrow key on the keyboard. The stimuli could differ in size, speed of appearance, and contrast with the background. Task difficulty was automatically raised in case of 90% correct responses during each block of 30 items. The optimal reaction time was set to 500 ms (by default).

The third and fourth tasks had been programmed by one of the authors (HH) and had been used in another study (33). In these tasks, clearly visible pop-out stimuli were presented to direct the patient's attention toward the left side of the space. The distribution of stimuli on the left and right sides was biased toward the left (75/25%). More specifically, the third task entailed a reading exercise. Words (spelled-out numbers corresponding to the buttons on the panel, e.g., FOUR = 4) were presented in random order at random points on a virtual horizontal line on the screen. The patient was asked to press the corresponding button after correctly reading the word. The difficulty of spotting a target was adjusted by presenting the word further to the left or right) and by including or excluding additional distracting letters after the word (e.g., FOURTIOA). The fourth task (illustrated in Figure 3) involved searching for a random number that was presented at different points on a horizontal axis on the screen (as in the second task) among a variable number of distractors. To make the task easier, the number could be highlighted, either in bright blue or red. Additionally, the number of distractors, as well as the search space could be adjusted.

The procedure of the non-computerized pegboard task was similar to that of Gossmann et al. (34). A patient was seated right in the middle of the board. The therapists offered sticks, one by one, to the patient who then had to place these into a hole on any position on the pegboard. The task was to place as many sticks as possible for the duration of the therapy block. If all sticks had been placed, the patient was asked to grab the sticks, one by one, and give them back to the therapist. Task difficulty was adjusted by asking the patient to place or grab the stick that was located on the left side of the pegboard.



Additional Rehabilitative Programs

Apart from the PA treatment, all patients participated in other rehabilitative programs for 5 h daily, commonly offered in an early rehabilitation unit in Germany: physical therapy, occupational therapy as well as computer-based neuropsychological and nursing interventions which, among others, aim at neglect symptom reduction.



Primary Outcome Measures


Apples Cancellation Test

Performance on the Apples Cancellation Test (35) was used as a primary outcome measure. It consists of 150 apples with either a gap on the right- or left-hand side, or no gap (50 apples each), equally distributed over an A4 sheet of paper. Patients were instructed to cross out full apples within 5 min and the number of omitted apples was used as the outcome score.



Assessment of Activities of Daily Living

The German version of the Early Rehabilitation Barthel Index [ERBI; (37)] and of the Functional Independence Measure [FIM; (38)] were used to assess difficulties in ADL, with lower scores indicating more care-dependency.




Secondary Outcome Measures


Text Reading

A patient's reading performance was evaluated using four different texts (39), one in each assessment, with a predefined order for each patient. Reading errors (omissions and incorrectly read words) for each text were used for analyses.



Line Bisection Test

The Line Bisection Test (40) included three equally long (21 cm) lines, one below the other, with their starting points progressively shifted toward the left. The mean deviation between the marked and the true center was taken as the outcome score.



Clock Drawing Test

In the Clock Drawing Test, which is part of the Behavioral Inattention Test (41), an empty circle was presented to the patient, who was asked to fill in the numbers from 1 to 12 in a clockwise direction. The following scoring scheme was applied: 2 points if the clock did not have any number on the left side (“maximally distorted”), 1 point if it showed numbers on both sides but with asymmetrical positioning (“minimally distorted”), and 0 points if the clock did not show spatial distortions (“correct”).



Body Orientation

A patient's spontaneous and left-cued body orientation was evaluated separately for trunk, head, and eyes while being in the patient room (42). For the cued body orientation, the evaluator asked three distinct questions centrally in front of the patient: “How are you?,” “Did you sleep well?,” “How was therapy today?” It was scored as follows: zero points for normal position, one point for modest ipsilesional deviation, and two points for strong ipsilesional deviation. The maximal score is six points, with higher scores indicating more ipsilesional deviation of the posture.




Blinding of Test Evaluation

All measures based on subjective evaluation (body orientation, ERBI, FIM) were scored double-blind by a person other than the one who provided the PA training. The Clock Drawing Test was administered by the therapist but scored by another person. Patients were blind in the sense that they knew about the two training methods but not about underlying assumptions regarding potential differences in their efficiency.



After-Effect Size

The size of the after-effect was calculated for the period of not wearing the goggles and for the first five pointing movements (in case of PA-i: after patients removed the goggles for the first time). The number of pointing movements not reaching the defined target button and/or pointings that were corrected during movement execution (e.g., accurate movement = 0, left-biased movement, and wrong button pressed = 2) were added. Subsequently, the mean across the sessions was calculated. Higher scores indicated stronger after-effects.



Statistical Analysis

The following statistical analyses were performed with SPSS Statistics, version 27. Means and standard deviations were calculated. Chi-squared tests and independent t-tests, as well as Mann-Whitney U-tests, were performed to check for significant group differences in the demographic data and pre-treatment test results. For intra-group comparisons of experimental data, parametric dependent t-tests and non-parametric Wilcoxon signed-rank tests were conducted, depending on whether or not the data were normally distributed. Multiple linear and ordinal regression analyses were applied after respective assumption checking (outliers, multicollinearity as well as independence, homoscedasticity, and normal distributions of the residuals) to test if the factor Condition (intermittent, continuous) together with the factors Age, Sex, and PRE significantly predicted POST scores.

Statistical evaluation of possible carry-over effects for the primary and secondary outcome measures included analyses of variance (ANOVAs) for repeated measurements (43). Only patients being able to finish both the first and second conditions of the study were included in the analyses. Time point (PRE vs. POST) was used as the within-subject variable and Sequence (PA-i1st vs. PA-c1st) as the between-subject variable. Furthermore, Spearman's rank correlation coefficients were calculated for the after-effect and improvements in outcome parameters.

Apart from the main analysis, we additionally compared the treatment effects of the PA protocols in the current study with those from three other neglect interventions at the early rehabilitation unit of the Clinic Bremen-East. The study by Schenke et al. (32) implemented 15 sessions with passive dynamic auditory cueing (such as music or audio-books). The study by Gossmann et al. (34) offered only four sessions of PA with a grasping task toward a solitaire board. The active control group from Turgut et al. (33) received 15 general neuropsychological therapy sessions not targeting visuospatial abilities but other cognitive domains such as memory and general attention. Clinical characteristics of patients from the present study and those from the three earlier studies were checked for group differences using the Kruskal-Wallis test for continuous variables and Chi-squared test for categorical variables. Subsequently, effect sizes [Cohen's d; (44)] were computed by firstly calculating a difference treatment score (POST minus PRE) for every patient (all studies). The following formula was used and implemented in Microsoft Excel:

[image: image]

where M1 represents the mean of test scores before the intervention and M2 the mean after the intervention. Here, SDpooled is the pooled standard deviation for the samples (n1 = n2) with
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Additionally, the 1 - α (95%) confidence interval (CI) was calculated, using an approach of Hedges and Olkin (45):

[image: image]

where zcrit is the critical z value for the level of confidence (1.96 for our 95% CI) and se is the standard error of the calculated effect size with
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Following Cohen (44), a d value exceeding 0.2 was considered as a small effect, exceeding 0.5 as a medium, and exceeding 0.8 as a large effect. For the effect size comparison, only the first condition of the cross-over design was used for patients of the present study to guarantee identical time points between measurements and to avoid influences due to an already accomplished intervention.




RESULTS


Clinical Characteristics, Test Results, and Pre-treatment Group Differences Between the Two Recruitment Series

In the first series, n = 10 patients were included in the PA-i (6 + 4) and n = 9 in the PA-c (6 + 3) condition. In the second series, n = 9 (5 + 4) were included in the PA-i condition and n = 12 (7 + 5) patients in the PA-c condition. There were no significant group differences for the two PA-i and PA-c groups (series one vs. series two) on the primary outcome parameters or the descriptive characteristics. Therefore, we combined the respective conditions for further analyses (compare flowchart in Figure 1; PA-i: n = 19, PA-c: n = 21). Demographic data and test scores of these two combined groups are presented in Tables 1, 2. There were no significant differences between the groups with regard to age [t(38) = 0.29, p = 0.776], etiology [[image: image] = 0.02, p = 0.99], or the presence of visual field deficits [[image: image] = 0.06, p = 0.815] and motor impairment [[image: image] = 0.33, p = 0.567]. Furthermore, there were no significant differences in the pre-treatment results on the Apples Cancellation Test (Z = −0.52, p = 0.611), text reading (Z = −0.72, p = 0.486), Line Bisection Test [t(38) = 0.16, p = 0.875], Clock Drawing Test (Z = −0.13, p = 0.915), spontaneous body orientation (Z = −1.10, p = 0.283), cued body orientation (Z = −0.17, p = 0.879), ERBI [t(38) = 0.49, p = 0.63] or FIM (Z = −0.79. p = 0.436). The evaluation of possible carry-over effects, i.e., the sequence effect of undergoing PA-i or PA-c first, did not reveal significant differences on any of the primary and secondary outcome measures.


Table 2. Test results of the two combined PA groups (both series and after completing both conditions of cross-over design) following an intermittent or continuous protocol.

[image: Table 2]



Effects of the PA Protocols


Within-Group Improvements

Intragroup comparisons showed significant improvements from PRE to POST for the PA-i group for omissions on the Apples Cancellation Test [t(18) = 3.97, p = 0.001], Clock Drawing Test (Z = −2.27, p = 0.023), text reading [t(18) = 2.16, p = 0.044], spontaneous body orientation (Z = −3.2, p = 0.001), cued body orientation [t(17) = 2.58, p = 0.019], ERBI (Z = −3.4 p = 0.001) as well as the FIM (Z = −3.7, p < 0.001). However, the PA-i group did not improve on the Line Bisection Test [t(18) = 1.73, p = 0.101]. Patients in the continuous PA training condition improved significantly on the Apples Cancellation Test [t(20) = 4.19, p < 0.001], Line Bisection Test (Z = −2.36, p = 0.018), text reading (Z = −3.24, p = 0.001), ERBI [t(20) = −5.51, p < 0.001], and FIM [t(20) = −7.5, p < 0.001]. However, the PA-c group did not improve on the Clock Drawing Test (Z = −1.83, p = 0.067) or spontaneous [t(19) = 1.34, p = 0.196] and cued body orientation (Z = −0.56, p = 0.573).



Regression Analyses

Multiple linear and ordinal regression analyses with Condition (intermittent, continuous), Age, Sex, and PRE as independent variables (predictors), and POST as the dependent variable were conducted (see Tables 3, 4). It was found that Condition did not significantly predict scores on any of the primary outcome parameters. For secondary outcome measures, we found a significant effect on spontaneous body orientation only: Condition [Wald [image: image] = 4.23, p = 0.04] and PRE [Wald [image: image] = 12.75, p < 0.001] significantly predicted POST (pseudo [image: image] = 41.1%]. The odds of patients in the PA-i having a better spontaneous body orientation was 4.27 (95% CI, 1.07–17.01) times that of those in the PA-c condition.


Table 3. Ordinal linear regression models examining post-treatment neuropsychological test results (N = 40).

[image: Table 3]


Table 4. Multiple linear regression models examining post-treatment neuropsychological test results (N = 40).
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After-Effect Size

For the PA-i condition, the mean number of reaching movements toward the keyboard was 97.09 [SD = 56.29; range = (31.40, 218.47)] while wearing the goggles and 41.18 [SD = 21.4; range = (20.80, 108.80)] when not wearing them (total: M = 138.28, SD = 74.22). For PA-c these values were 105.63 [SD = 58.76; range = (48.07, 219.27)] and 31.44 [SD = 10.01; range = (12.13, 51.20)] (total: M = 137.07, SD = 64.23). Only in the first phase of the study (intervention 1), there was one patient in each condition who did not reach the criterion of 50 pointing movements per session while wearing the goggles.

All patients showed an after-effect (size > 0) and there was no difference between the two groups (Z = −0.37, p = 0.714). For a further comparison across the two PA protocols, we classified the after-effect size into low (lowest third of values), medium (middle third), and high (highest third) (see Figure 4). Most patients showed a small after-effect in both the PA-i and PA-c conditions. In the PA-i condition, more patients showed a medium rather than a low after-effect, whereas it was vice versa for the PA-c patients. Overall, PA-i and PA-c did not significantly differ regarding the three categories (low, medium, and high) as revealed by a Chi-squared test [[image: image] = 3.04, p = 0.219]. Furthermore, there was no significant difference in the total number of reaching movements (Z = −0.12, p = 0.903). The size of the after-effect did not correlate with improvements on any of the primary outcome parameters. However, a significant positive correlation was found between after-effect size (both PA-i and PA-c groups together) and improvements of spontaneous body orientation (r = 0.34, p = 0.037).


[image: Figure 4]
FIGURE 4. Frequencies of after-effect sizes for intermittent and continuous prism adaptation training categorized into low, medium, and high.




Analysis of Drop-Outs After the First Intervention

In order to analyze the patient profiles of those who dropped out after the first intervention (n = 8; n = 5 when PA-c was given first, n = 3 when PA-i was given first), we checked for significant differences compared to those who successfully crossed-over to the second intervention (n = 16). We did not find any significant differences in patient characteristics or neuropsychological test scores at T3. However, they significantly differed in ERBI scores (Z = −3.05, p = 0.001), with drop-outs having lower scores (M = −3.44, SD = 29.42) than patients who started the second intervention (M = 43.13, SD = 27.77).



Effect Size Comparisons With Prior Studies

Apart from the main analysis, effect sizes of pre- to post-treatment improvements were calculated and compared with those from the three previous studies. Clinical characteristics of the patients are summarized in Table 5. For a comparison on a central neuropsychological task, the Apples Cancellation Test, see Figure 5. For the double-blind evaluated ADL assessment FIM, see Figure 6.


Table 5. Clinical characteristics of the present prism adaptation treatment protocols (first condition only) and previous studies on neglect interventions.
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[image: Figure 5]
FIGURE 5. Comparison of effect sizes of the present prism adaptation treatment protocols and previous studies on neglect interventions for the Apples Cancellation Test.



[image: Figure 6]
FIGURE 6. Comparison of effect sizes of the present prism adaptation treatment protocols and previous studies on neglect interventions for the Functional Independence Measure.


Patients from the two PA intervention protocols of the present study and those from the previous studies did not significantly differ with regard to age [H(4) = 5.97, p = 0.202], days since stroke [H(4) = 7.62, p = 0.106], sex [[image: image] = 1.9, p = 0.754] or pre-treatment results on the Apples Cancellation Test [H(4) = 8.27, p = 0.082], and FIM [H(4) = 6.29, p = 0.179] (see Table 5).

On the Apples Cancellation Test, patients treated with auditory cueing or a short PA intervention showed similar effect sizes (d = −0.51 and d = −0.45, respectively) as the control group receiving no specific neglect training (d = −0.44). However, as can be seen in the Figure, the effect sizes of the two PA groups from the present study were clearly higher (at least more than half an SD; PA-i: d = −1.01, PA-c: d = −1.17). A similar pattern was observed for the FIM: whereas PA-i and PA-c improved almost two SDs (d = −1.75 and d = −1.96, respectively), the passive control groups improved below 1 SD each.




DISCUSSION

The present study investigated whether recalibration or realignment is more important for the reduction of neglect severity by offering either a conventional continuous PA training or a novel intermittent PA training that offers additional recalibration opportunities and, hence, for using explicit strategies [such as pointing slightly left of the perceived target location; (8)] more frequently.

Patients in both conditions improved significantly on all primary as well as many secondary outcome measures. However, treatment condition per se did not significantly predict scores on primary and most secondary outcome parameters. Therefore, neither the higher number of opportunities for recalibration (intermittent PA) nor the duration of uninterrupted wearing of the goggles (continuous PA) had a differential effect on recovery from neglect as measured by a visual search task or by ADL scores.

What might explain this disappointing result of our study? A first answer would be that PA is ineffective in treating neglect. Two recent RCTs including patients with mild (46) or severe (47) neglect revealed negative results, arguing against a positive effect of PA on neglect recovery. However, other studies documented positive results for PA (34, 48–51), and we will argue below that both our PA conditions were effective compared to previous neglect treatments evaluated at our rehabilitation unit. A second answer relates to our finding that there was no significant difference between the PA-c and PA-i conditions in inducing an after-effect of considerable size. It is well-known that the size of the after-effect may represent an important measure in reflecting the efficacy of PA (27, 52–54), although there have been described cases showing an after-effect but no improvements or vice versa (55, 56). Because both conditions showed a similar after-effect size, there might have been no differential effects on neglect rehabilitation. We designed our study in order to induce comparable sizes of the after-effect between the two conditions. We opted for a minimum criterion of 50 pointing movements per session [(29); patients clearly executed more pointings than this criterion; see section After-Effect Size] in order to increase the probability that adaptation (and thus, an after-effect) will occur (30). The reason for defining this criterion was that we wanted to show whether explicit recalibration or implicit realignment is the driving force for recovery after PA. Hence, we wanted to avoid a confounding influence of an after-effect difference between conditions because such a difference itself could explain the superiority of one treatment protocol over another (53).

Failing on our primary outcome parameters, the two PA conditions still showed a difference in efficacy when looking at rebalancing body orientation, which is an essential aspect of ADL, and its evaluation is strongly advised in the German neurological guidelines for deficits in spatial cognition (57). This finding is in line with previous research showing that body adaptation (eyes, head, and trunk) occurred after PA, even irrespective of pointing movements (58). Patients in the intermittent condition needed to recalibrate more frequently (at least each time immediately after putting on the goggles) and showed the after-effect more often than patients in the PA-c condition (each time immediately after putting off the goggles). Moreover, we found the size of the after-effect to significantly correlate with improvements in ipsilesional spontaneous body orientation. Therefore, in our study, the after-effect in general seemed to represent an essential sign of improvements in body orientation. This is, as outlined above, in line with previous studies showing that the after-effect is associated with and might predict neglect amelioration (27, 52–54).

Somewhat speculatively, it could be proposed that the number (after the doffing of the goggle) and intensity of the experienced after-effects lead to a rebalancing of body orientation. If this is true, the question remains why the after-effect together with the reduction of pointing errors (i.e., employing recalibration) following PA should actually be that important. One explanation might be that a change in spontaneous body posturing after PA might be remembered implicitly by the patients as helpful for task accomplishment, which could result in immediate body position adjustments when goggles are put on again. This suggestion is at least in line with results from a study by Pochopien and Fahle (31) who investigated how the direct effect (i.e., initial pointing error when goggles are put on, which is equivalent to the start of the recalibration process) of PA is corrected in healthy adults. In an experimental study, they compared participants sitting with their body orthogonal to the visual target with those whose chair was rotated to the right (more or less comparable to the body orientation of neglect patients). They found that the initial correction effect (that is, the discrepancy between the degree of induced visual shift by the prism and the much smaller than expected degree of initial pointing error) was significantly larger for central rather than rotated chair positions. In other words, pointings deviated less from the actual position of the target when the body was oriented in line with the visual target. Considering neglect patients, slightly rotating the body contralaterally might help to reduce their pointing errors and this might be learned better in a PA-i training, possibly due to two reasons: (1) patients in the PA-i condition undergo changes of body orientation more frequently and (2) these patients have much shorter time intervals between experiences of helpful body orientations (a few minutes within the session) as opposed to patients in the PA-c condition (a whole day between the sessions). These aspects could be advantageous for the intermittent condition and might explain our findings.

At this point it should be noted again that our study overall failed to show beneficial effects of one protocol over the other due to the lack of difference in primary outcome parameters. Our study was designed to compare two PA conditions and not to show that PA is effective for treating neglect. However, since several studies on neglect rehabilitation have been conducted in our rehabilitation unit over the last years, we were able to calculate and compare effect sizes of “recovery” for three groups from already published studies with those obtained by the present study. We chose the Apples Cancellation Test as a central neuropsychological measure and the Functional Independence Measure as an ADL score for the comparisons because the Apples Cancellation Test is well-validated (59), seems to replace older cancellation tasks (60), is easy to score, and scoring itself is not influenced by a subjective bias. The Functional Independence Measure is even less influenced by this issue because evaluators (hospital staff such as medical doctors, occupational and physiotherapists as well as nurses who routinely score every in-patient weekly) were not aware of a patient's specific inclusion into the studies at all. Effect sizes appeared to be strongest for both PA treatment protocols when being compared to the historical control groups. The difference between the most successful treatment of the historical control group and the two PA protocols used in our study was about half a SD for the Apples Cancellation Test and one SD for the FIM. According to Cohen, these differences can be classified as medium and large effects, respectively (44). We found that active neglect treatment appeared to be more effective than a passive treatment (hearing audiobooks or CDs with auditory shift), a more intensive PA training revealed to be more effective than a much shorter PA training (albeit with different tasks), and the effects of our PA protocols appeared to be distinguishable from effects due to only spontaneous recovery (active control group).

As already mentioned, two recent RCTs on PA were unable to show a large impact on neglect rehabilitation (46, 47). In contrast, our comparison with three historical control groups does argue for such an effect. What may explain this difference? Neglect patients often suffer not only from visuospatial attention deficits, but also from apathy, unawareness, and reduced motivation. Traditional PA interventions are based on rather meaningless pointing movements toward the center of a line or different positions in the environment. This task structure may even increase the possible lack of involvement of neglect patients. Therefore, we combined PA into several meaningful tasks, also rewarding correcting choices, and we increased difficulty based on the performance of the patients. In our view, this is an important difference from the designs of Vilimovsky et al. or Ten Brink et al., and we believe that this kind of adaptation of PA is essential for treating especially severely impaired patients with neglect due to their additional emotional and motivational impairments. This claim is supported by previous studies on reward-based learning following right hemisphere damage and neglect, showing that reward-induced modulations of space representation are preserved in neglect (61), reward positively influences spatial exploration (62), motivational valence modulates attentional impairments (63), and reward-based training may benefit most patients early after lesion onset (62).

Eight out of 24 recruited patients did not (completely) receive the second intervention due to rehabilitation discharge. Comparisons of these patients with those who crossed-over to the second PA treatment revealed no significant differences in clinical characteristics or neuropsychological test results. Thus, drop-outs seem not to have certain disease profiles in our study. Only the ERBI differed significantly, indicating that patients were most likely discharged to their home or for participation in the next rehabilitation phase (in a subsequent rehabilitation clinic).

A few limitations of this study warrant consideration. First, effects due to selection bias cannot be excluded entirely. This is not only because patients included in our main analyses were recruited within two recruitment series but also because the historical control groups included for a general treatment effect evaluation were treated at different moments. However, they were all recruited for neglect intervention studies and the latter group already showed significant improvements following neglect therapy, which has been published. Moreover, all patients, also those from the three control groups, were recruited from the same rehabilitation unit, with similar selection criteria; they matched in terms of the choice and time course of neuropsychological and ADL assessments and received the same additional rehabilitative interventions. Although tasks being used in the historical groups differed from those implemented in the present study, all have in common that they combine spatial cueing with meaningful tasks, except for the passive control group. As noted earlier, we chose for such a combination treatment to enable patients to participate in therapy as early as possible and not primarily to induce add-on effects [these have been shown to be very low in previous studies, e.g., (64)]. Therefore, the comparison appears to be fair and relevant.

Second, we did not assess the size of the after-effect in a conventional way (e.g., pre-and post-exposure straight-ahead pointing in the dark or video analysis). There is some evidence that the size may depend on the specific measure used (54). We aimed to make PA training sessions as feasible as possible for severely impaired early rehabilitation patients and the advantage of our assessment method was that it could be easily implemented within the actual treatment session. Our rather subjective and less sensitive measure might have missed subtle differences in sizes of the after-effect, but for our study, the more important fact is that patients of both groups showed the effect and also showed some recovery.

Third, we only measured the treatment effect 1 day after the PA training, preventing us from drawing inferences about long-term effects of these interventions (i.e., stability of neglect symptoms). The nature of our design included seven weeks of patient involvement, which is often the maximum stay of inpatients in a German early rehabilitation unit. Hence, an evaluation of long-term effects of PA would only be possible in subsequent rehabilitation or care units as well as at home. Here, comparability would be reduced due to different contexts and varying amounts of therapy offered.

Fourth, although we provide global information on lesion locations, exact information is lacking. From previous studies it is known that lesion location can influence PA treatment response of neglect patients (34, 62, 65). However, most of the patients (16 out of 24) received both phases of the cross-over and, hence, both interventions, minimizing possible effects solely due to specific lesion characteristics. Nevertheless, future studies should include and control for this missing information in order to validate the findings of the present work.

Lastly, we did not implement PA protocols that induced recalibration without realignment or vice versa. Thus, in the PA-i training, realignment is not precluded. Nevertheless, patients in the PA-i group were still given more opportunities to recalibrate, while keeping the number of movements and the treatment time with goggles on and off constant over the protocols. Furthermore, it is known that the number of pointings is correlated with the intensity of realignment as indicated by stronger after-effects (30, 31). Hence, the two groups in our study did differ with regard to the degree of realignment and the frequency of recalibration and realignment alternations (see above for a discussion on why the after-effect size presumably did not differ between PA-i and PA-c). Nevertheless, especially a protocol inducing only recalibration would be necessary to prove that a stronger after-effect might indeed cause stronger recalibrations, which in turn will lead to greater improvements in spontaneous body orientation. To test this hypothesis, a protocol could include PA training in which goggles are donned only for a short amount of time (e.g., only up to 20 pointings) to avoid realignment that seems to be particularly associated with later trials (8). Patients still showing significant improvements concerning body orientation would provide further evidence and confirm our results. A protocol inducing realignment without recalibration may be achieved by progressively increasing the visual shift from zero to full visual shift, for instance, in steps of two degrees (14, 23). The rationale is that for this procedure the direct effect will always lay in the normal error range of pointing movements.

In conclusion, we found no evidence for an impact of intermittent PA treatment on a variety of typical neglect outcomes, with the exception of one beneficial effect on spontaneous body orientation. preliminary evidence that an intermittent PA procedure may have a beneficial effect on the reduction of a patient's spontaneous body orientation but not on other ADL elements or more perceptual aspects of the disorder. Because we specifically designed our study to induce comparable after-effects for both PA conditions, we suggest that future studies might use fewer pointing movements in PA-i to see if pure recalibration is already effective for achieving improvements in body orientation.
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