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Abstract

Significance: This is a report on the use of peripheral prisms (p-prisms) for patients with left 

neglect and homonymous visual field defects (HVFD).

Purpose: To investigate if patients with left hemispatial neglect and HVFDs benefit from p-

prisms to expand the visual field and improve obstacle detection.

Methods: Patients (24 with HVFDs; 10 of whom had left-neglect) viewed an animated, virtual, 

shopping-mall corridor and reported if they would have collided with a human obstacle which 

appeared at various offsets up to 13.5° from their simulated walking path. There were 40 obstacle 

presentations on each side, with and without p-prisms. No training with p-prisms was provided 

and gaze was fixed at the center of expansion.

Results: Detection on the side of the HVFD improved significantly with p-prisms in both groups 

from 26% to 92% in the left-neglect group and 43% to 98% in the non-neglect group (both p < 

0.001). There was a tendency for greater improvement in the neglect patients with p-prisms. For 

collision judgments, both groups exhibited a large increase in perceived collisions on the side of 

the HVFD with the prisms (p < 0.001), with no difference between the groups (p = 0.93). 

Increased perceived collisions represent a wider perceived safety margin on the side of the HVFD.

Conclusions: Within the controlled conditions of this simulated, collision-judgment task, 

patients with left neglect responded well to initial application of p-prisms exhibiting improved 

detection and wider safety margins on the side of the HVFD that did not differ from non-neglect 

patients. Further study of p-prisms for neglect patients in free-gaze conditions after extended wear 

and in real-world mobility tasks is clearly warranted.
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Homonymous visual field defects are loss of vision on the same side in each eye due to post-

chiasmal visual pathway damage. Homonymous visual field defects are common after stroke 

occurring in 29%1 to 50%2 of cases, but also frequently occur after trauma, aneurysm 

rupture and with brain tumors.3–5 Homonymous visual field defects impair detection of 

hazards on the side of the visual field loss resulting in functional limitations.6–9 Peripheral 

prisms10 (p-prisms; also known as “EP prisms” or “Peli lens”; Chadwick Optical, 

Souderton, PA) (Figure 1) expand the binocular visual field of patients with homonymous 

visual field defects by shifting two sectors of the peripheral visual field from the affected 

hemifield of one eye into the intact hemifield.10, 11 The visual field expansion, which has 

also been referred to as field-of-view expansion,12, 13 can be up to 30° in the oblique 57Δ 

design and up to 40° in the horizontal 57Δ design.14 P-prisms have shown positive results in 

multiple open-label clinical studies10, 11, 15–17 and a randomized controlled clinical trial;18 

however, patients with hemispatial neglect in addition to homonymous visual field defects 

were excluded from those studies. Our study begins to address this gap in the literature.

Hemispatial neglect is often defined as a failure to respond, report, or orient to sensory 

stimuli located on the side opposite the brain lesion, which causes functional disability and 

cannot be attributed to primary sensory or motor impairments.19 Left neglect is far more 

common than right neglect due to right cerebral hemisphere specialization for spatial 

functions20; therefore, we limited investigations to left neglect. Multiple studies have found 

that left neglect is associated with worse functional disability after stroke with longer 

hospitalizations, less independence, and more functional decline chronically post stroke.
21–26 In terms of mobility, left neglect is associated with increased falls27 and further decline 

in mobility chronically after stroke.28

Left neglect and homonymous visual field defects, which often occur together, are likely to 

have a negative synergistic effect on detection of left side obstacles during mobility.29,30 

Scanning to the left side is a compensation for an homonymous visual field defect that can 

be used to reduce the impact,9, 31 but leftward scanning is reduced in left neglect with longer 

and more frequent fixations to the right,32 which may limit the ability to compensate for a 

homonymous visual field defect. Consistent with this, patients with left neglect and 

homonymous visual field defects were found to have worse detection of left-sided obstacles 

in a walking-simulation collision judgment task when compared to patients with 

homonymous visual field defects but without neglect.30 Leftward cueing (frequently 

reminding the patient to look and move to the left) is the leading rehabilitation strategy for 

left neglect used by therapists on stroke and rehabilitation units,33 but it relies on the 

development of left-sided awareness and intact memory formation. P-prisms might be a 

helpful addition to standard approaches because they have the potential to utilize intact 

involuntary visual attentional systems in the right visual field (where p-prism images of left-

sided obstacles appear).34, 35 Thus, patients with homonymous visual field defects plus left 

neglect may have a greater need for and benefit from a mobility aid such as peripheral 

prisms than patients with homonymous visual field defects without neglect. On the other 

hand, while patients with a homonymous visual field defect and neglect may benefit from 

peripheral prisms, it is also possible they will have a reduced ability to detect obstacles 

visible through the peripheral prisms because of problems with vigilance (ability to sustain 

arousal), and visual attention.34–38 Obstacles appearing in the peripheral prisms from the left 
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visual field are multiplexed over the right visual field with reduced contrast and clarity. 

Those obstacles may be less salient and thus less likely to be detected by patients with left 

neglect.

This study was designed to determine if patients with left neglect and a homonymous visual 

field defect have the capacity to detect and make a judgment about the multiplexed images 

from the peripheral prisms, and whether that differs from patients with a homonymous 

visual field defect without neglect. Our primary hypothesis was that patients with 

homonymous visual field defects and left neglect using peripheral prisms would show 

improved detection but due to problems with vigilance and visual attention might show less 

improvement than patients with homonymous visual field defects without neglect. This 

hypothesis was tested in a realistic virtual shopping mall environment, using a paradigm 

similar to a prior study without peripheral prisms.30 We evaluated the ability of patients with 

left homonymous visual field defects and neglect to detect a life-size human obstacle with 

and without peripheral prisms immediately after prisms were first fitted compared to patients 

with homonymous visual field defects without neglect. By fixing gaze at a central cross in 

the direction of virtual walking, the confounding variable of compensatory scanning for 

improved detection was minimized.

P-prisms may also affect the perceived safety margin in collision judgments after obstacle 

detection. This safety margin is a “buffer” added to the internal representation of space that 

one occupies, and has been measured by asking study participants to judge whether a human 

obstacle would have caused a collision.30,39 This safety margin was found to be smaller on 

the neglected left side than the right in patients with left neglect and homonymous visual 

field defects.30 With peripheral prisms, the safety margin might be larger because of 

improved detection and due to the prismatic shift causing images of obstacles in the affected 

field to appear closer to the walking path. Based on pilot data (Houston KE, et al. OVS 

2015;92:E-abstract 155256), we hypothesized that there would be more perceived collisions 

for prism-side obstacles in both HFVD groups due to improved detection and because of the 

apparent displacement of the obstacle toward the walking path as seen through the peripheral 

prisms.

METHODS

The study was conducted in accordance with the tenets of the Declaration of Helsinki. 

Informed consent was obtained from the participants after explanation of the nature and 

possible consequences of the study. The protocol was approved by the institutional review 

board of Massachusetts Eye and Ear.

Participants

Patients with complete homonymous visual field defects were targeted for recruitment; 

however, incomplete homonymous visual field defects and quadranopia were allowed so 

long as there were visual field defects in the hemi-central 30° which may have obscured 

detection of obstacles when walking, and which would have been accessible via the 

peripheral prisms. Other inclusion criteria were age greater than 14 (youngest age approved 
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by our IRB) and best-corrected visual acuity of 20/50 or better in either eye. Patients were 

not excluded based on time since onset.

Twenty four patients with homonymous visual field defects were screened, enrolled, and 

completed the study (Table 1). Patients were referred from other studies or through a 

database search of prior research participants at the Schepens Eye Research Institute 

Mobility Enhancement and Vision Rehabilitation Center of Excellence, or from the authors’ 

clinics. As such, recruitment was well targeted and all patients screened were eligible. The 

study required at minimum, one visit, and none of the patients who enrolled dropped out or 

were unable to complete the study visit. Most patients (n = 21) attended 2 visits related to 

this study: A screening and intake visit which included ordering of permanent p-prism 

glasses, and a second visit consisting of data collection in the virtual shopping mall. Three 

patients were only able or willing to attend 1 visit, and data collection was done on the same 

day as the intake using temporary press-on peripheral prisms applied at that visit.

Left neglect was diagnosed when at least one of the following criteria were met (see Table 

2): (1) Positive Schenkenberg Line Bisection Test defined as rightward mean deviation > 

10%40: (2) Positive Bells Cancellation Test41 defined as ≥ 4 omissions more on the left 

compared to the right side of the test sheet; (3) Positive report of symptoms of left neglect in 

both of two questions from the Catherine Bergego Scale42 (“Experience difficulty adjusting 

left sleeve or slipper?” and “Experience difficulty in finding your way toward the left?”). 

These questions captured neglect behaviors in personal and extra-personal space not 

evaluated by paper and pencil tests (Line Bisection and Bells); (4) History of left neglect 

diagnosis either reported in the study intake history or found on a review of the patient’s 

medical record. Patients with history of left neglect, even without other signs of neglect in 

our examinations, were included in the neglect group because a prior study found they 

behaved like the neglect patients on the collision judgment task used in this study.30 The 

author who supervised study intake (KH) provided a clinical impression of neglect severity 

based on the diagnostic tests and other behaviors observed during testing. This type of 

severity grading is commonly performed in clinical practice related to documentation 

guidelines set forth by the U.S. Center for Medicare Services.43 The clinical impression is 

reported in Table 2. The 14 patients classified as non-neglect did not meet any of the neglect 

criteria. All 10 patients classified as having left neglect met at least one of the four criteria 

and most met multiple criteria (see Table 2).

Fitting of peripheral prisms was done by study staff using standard methods recommended 

by the manufacturer (Chadwick Optical, Souderton, PA). None of the patients reported using 

peripheral prisms previously. One patient without neglect had superior right quadranopia and 

was tested with only the upper p-prism. The fixation cross was adjusted downwards 

(approximately 15°) until the human obstacle in the virtual mall was not visible to the 

patient (being in the area of field loss) for all trials, with and without the peripheral prisms. 

As we had previously found no difference among patients without neglect in the obstacle 

detection and collision judgment tasks in the virtual mall between right homonymous visual 

field defects and left homonymous visual field defects,30 we included patients with either 

side of hemianopia if they had no neglect (9 of 14 had right homonymous visual field 

defects). However, patients with neglect all had left sided neglect and homonymous visual 
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field defects. Cognitive status was evaluated using the Mini-Mental State Exam.44 At the 

study intake visit the patients had permanent 57Δ oblique p-prism glasses ordered 

(Chadwick Optical, Souderton PA) and performed the virtual mall task once the glasses 

arrived a few weeks later. The 3 patients without neglect who could only attend for 1 visit 

were fitted with 40Δ press on peripheral prisms (Chadwick Optical, Souderton PA), as no 

press-on version of a 57Δ prism exists. Two of the patients were tested with oblique 40Δ 

press-on peripheral prisms, and one was tested with horizontal 40Δ press-on peripheral 

prisms. They performed the virtual mall task on the same day as the study intake.

Visual Field Expansion

The visual field expansion with peripheral prisms on binocular Goldmann perimetry was 

expected to be ~30° when tested with 57Δ oblique and 18° and 15° when tested with 40Δ 

horizontal and oblique peripheral prisms, respectively.14 Visual field expansion was 

consistent with the prism diopter value for all but two patients: One each with and without 

neglect (both were tested with the 57Δ oblique). Instead of the expected 30°, the patient with 

left neglect (HSN 8) only achieved 18° and the patient without neglect achieved 22°. Visual 

field expansion for all patients was also confirmed in the virtual-mall environment prior to 

data collection.

Collision Judgment Task

The virtual shopping mall collision judgment task has been described in detail previously.
30, 39 To summarize, patients sat with their head in a chin-and-head rest 100 cm from a wide 

(170 cm by 120 cm) rear-projection screen (visual angle 81° by 62°), displaying a virtual 

model of a shopping-mall hallway (Figure 2). The program simulated walking motion along 

a straight path at 1.5 m/s generating optic flow similar to that experienced during actual 

walking. During each trial the patient maintained fixation on a target (a cross) positioned in 

the hallway at the center of expansion in the optic flow field. By fixing gaze at a central 

cross in the direction of virtual walking, the potentially confounding variable of increased 

scanning, that may improve detection, was minimized. Fixation was monitored by a second 

experimenter standing near the display who provided frequent reminders to continue looking 

at the fixation cross. If a fixation loss occurred during the obstacle appearance, the trial was 

repeated. The walking path was always straight but the angle relative to the mall corridor 

center varied such that the patient could be walking down the center of the mall corridor or 

angled toward stores on the left or right. While “walking”, a single realistically-sized human 

obstacle (0.7 m (8°) wide x 0.7 m deep x 2 m tall (23°)) suddenly appeared at offsets from 

the walking path/fixation point ranging from 0° (directly in the walking path) up to 13.5° of 

visual angle to the left and right, measured from the inside edge of the obstacle. Offsets were 

balanced on each side and stimulus locations were presented in a pre-determined, random 

order. The obstacle was stationary in the optic flow field (and so moved on the screen) 

appearing at a virtual distance of 5 m remaining visible for 1 s, and disappearing 3.5 m from 

the patient. The simulated motion (“walking”) then stopped and the trial ended. Patients 

were instructed to imagine walking down the mall corridor and to indicate, after the trial had 

ended, if they would have made any contact with the human obstacle if the walking had 

continued. Response options were “collision”, “no collision”, or “nothing” if no obstacle 
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was present/seen. Catch trials where no obstacle appeared were randomly inserted at a rate 

of 9% (8 catch trials/per 88 trial session).

A 20 trial practice session was conducted to familiarize the patient with the task and lens 

condition (without or with p-prism), followed by the data collection session which consisted 

of a total of 88 trials: 8 catch plus 80 with the obstacle presentation, 40 obstacles per side. 

The experiment consisted of a session without peripheral prisms and a session with 

peripheral prisms on the same day, with the order being balanced such that half the patients 

in each group performed the p-prism condition first and half performed the no p-prism 

condition first. No explanation of the peripheral prisms was given other than the knowledge 

that they were designed to improve the visual field and instructions to always look between 

the prism segments at the fixation cross throughout the experiment. The experiment was 

performed before the patients had any experience of wearing the glasses in their habitual 

environments. An experimenter positioned the patient in the chin-and-head rest so that gaze 

was between the prism segments when fixating on the target, and then confirmed field 

expansion using a perimetry test similar to a tangent screen,45 with a stationary version of 

the shopping mall used as the background. Most patients were tested with permanent 57Δ 

oblique peripheral prisms which provided approximately 30° (W) x 20° (H) of field 

expansion. Three had lower power (40Δ) peripheral prisms (15 to 18°) and two had 

unexplained lower than expected visual field expansion with the 57Δ, as described above. All 

p-prism designs used would be expected to expand the field sufficiently to detect even the 

most eccentric obstacle in the mall, which appeared at 13.5° eccentricity. Therefore at least 

part of the obstacle would have been visible in the peripheral prisms for even the most 

eccentric obstacles. We expected that detection of obstacles on the side of the homonymous 

visual field defect when not wearing prisms would be consistent with the Goldmann visual 

field perimetry (e.g. patients would show detection up to 5° eccentricity if the patient had 5° 

of macular sparing on perimetry), whereas with peripheral prisms detection would improve 

to 100%, regardless of eccentricity. For collision judgments we expected most obstacles 

detected in the peripheral prisms would be perceived as being on a collision course, since 

they were not allowed to look over and so could only see the shifted prism image which 

appeared nearer to the walking path.

Patients exhibiting greater than 50% detection on the side of the visual field defect without 

peripheral prisms in the virtual mall were classified as having incomplete homonymous 

visual field defects. Some of these patients measured as having a complete homonymous 

visual field defect on Goldmann Perimetry (V4e) but retained some perception of form in 

the impaired field, enough to detect and make collision judgments in the mall. Others had 

areas of intact field where part of the obstacle was visible on some trials. The analyses were 

performed both with and without the incomplete homonymous visual field defect group, 

which was comprised of 6 patients, all in the non-neglect group.

Statistical Analyses

Mixed-effects logistic regression analyses were performed for detection and collision 

responses using trials that included a stimulus. For detection, only the defect-side trials were 

analyzed because seeing-side performance was at ceiling (almost 100%). For the collision 
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responses, both seeing and homonymous visual field defect side trials were included and 

detection failures were coded as “no collision”, with the rationale that a failed detection was 

equivalent to the perception of “no collision” in the participant’s information for collision 

avoidance. Responses of patients with right and left homonymous visual field defects 

without neglect (non-neglect) were not statistically different for detection (z = 1.22, p = 

0.22) or collisions (z = 1.02, p = 0.31), and so their data were combined and this non-neglect 

homonymous visual field defect group was then compared to the left-neglect group. 

Variables included p-prism (binary), neglect status (binary), side of the obstacle 

(homonymous visual field defect or seeing side; collision responses only), an interaction 

term between p-prism and neglect status, and covariates age, MMSE score,44 gender, and 

duration of vision loss. Subject was included as a random factor. Offset of the obstacle from 

the virtual walking path was also included as a categorical random factor to control for its 

expected negative but non-linear relationship with detection and perceived collision 

response. Age was included as a covariate because it had previously been shown to be a 

negative predictor for the success of rehabilitation.46 Duration was included because it has 

been shown to be associated with changes in performance on spatial tasks in patients with 

homonymous visual field defect and neglect.47 MMSE score was included because those 

with a lower score may have more difficulty understanding the concept of the p-prism 

glasses and the shifted image or the task itself, and so may have worse responses. Gender 

may have an effect on collision judgments. The impact of neglect severity on detection, 

measured using the line bisection and Bells test scores were included as covariates because 

they have been previously related to detection failures for objects on the left side during 

mobility.48,49

All statistical analyses were performed with STATA/IC 14.2 (College Station, TX). As 

multiple analyses were conducted, α ≤ 0.01 was taken to indicate statistical significance. 

Since the sample sizes were small, we also note marginal significances (tendency), where 

0.01 < α ≤ 0.10 to mitigate the risk of rejecting a true effect. When reporting proportions of 

detections or collision responses, we provide the average proportion for the group or 

condition.

RESULTS

Obstacle Detections

There were only 0.2% false positive (detections reported in catch trials) and 0.1% false 

negative (detection failures on seeing side) responses. As expected, seeing-side detection 

was near perfect at 100% in the non-neglect and 99.8% in the left-neglect group. Individual 

side obstacle detection rates with and without peripheral prisms are shown by scatter plot in 

Figure 3 and group data are presented in Figure 4. Without peripheral prisms there was some 

detection of stimuli on the homonymous visual field defect side in both groups, which either 

resulted from incomplete vision loss or failure to hold fixation steady. Data for all 24 

patients were entered into a mixed-effects logistic regression for analyses of detection. 

Without peripheral prisms, there was no difference in homonymous visual field defect side 

detection between the left-neglect and the non-neglect groups (z = 0.29, p = 0.77), as there 

were large between-patient differences in response rates and substantial overlap of the 
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distributions of the two groups (Figure 3; x-axis). With peripheral prisms, homonymous 

visual field defect side detection improved significantly in both groups, with the left-neglect 

group improving from 26% (90/352) to 92% (317/344; z = 13.2, p < 0.001) and the non-

neglect group improving from 43% (229/535) to 98% (524/535; z = 12.2, p < 0.001). There 

was a tendency for improvement with peripheral prisms to be higher in the neglect group (z 

= 1.77, p = 0.08). There were no effects of the covariates gender, age, or Line Bisection or 

Bells test performance on detection rates (z < 0.73, p > 0.47). When considering all 

participants both with and without peripheral prisms, there was a tendency for higher MMSE 

scores (z = 1.93, p = 0.05) and a longer duration of homonymous visual field defect (z = 

2.14, p=0.03) to be associated with better detection. A post-hoc analysis that included 

magnitude of visual-field expansion (degrees on Goldmann perimetry) as a covariate 

confirmed that magnitude of expansion, which was less for some patients for reasons 

described in the methods section, was not related to detections (z = 1.21, p = 0.23). When 

patients with incomplete hemianopia (n = 6, all in non-neglect group) were excluded from 

the analysis, the homonymous visual field defect-side detection of the non-neglect group 

without peripheral prisms was 26% and with prisms was 99%. The effect of the peripheral 

prisms on detection was statistically greater in the non-neglect group (z = 2.91, p = 0.004), 

but other results were comparable. However, the association with duration of homonymous 

visual field defect was not present when only considering the participants with complete 

hemianopia (n = 18; z = 1.21, p = 0.23).

Collision Safety Margin Judgment

Data for collision judgments are shown in Figure 5. Data for all 24 patients were entered 

into a new mixed-effects logistic regression for analyses of collision responses. The seeing 

side response for both groups shows expected normal behavior (decreasing collision 

responses with increasing obstacle eccentricity) to which the homonymous visual field 

defect side was compared. The image shift from the peripheral prisms increased the number 

of perceived collisions on the homonymous visual field defect side in both groups (non-

neglect from 22% (119/535) to 70% (373/535), z = 12.16, p < 0.001; left-neglect from 15% 

(53/352) to 68% (233/344), z = 11.04, p < 0.001) and was not different between the groups 

(z = 0.13, p = 0.90). There was an increased likelihood of reporting a collision with 

increasing time since onset of homonymous visual field defect (z = 3.67, p < 0.001) and a 

tendency if female (z = 2.01, p = 0.05). There were no effects of the other covariates age, 

Line Bisection, or Bells Test performance on perceived collisions (all z < 1.39, p > 0.16). 

There was no effect of peripheral prisms on the seeing side collision judgments of the non-

neglect group (34% (184/535) without peripheral prisms, 33% (178/536), z = 0.75, p = 0.45) 

or the neglect group (38% (132/352) without, 36% (123/343), z = 0.12, p = 0.91). A post-

hoc analysis adding magnitude of visual field expansion (extent of field in degrees on 

Goldmann perimetry) as a covariate found that the expansion was not related to collision 

responses (z = 1.28, p = 0.20).

DISCUSSION

Our primary hypothesis, that patients with left neglect would show improved detection with 

peripheral prisms, was supported by our findings, and they did show slightly less 
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improvement than patients without neglect when excluding non-neglect patients with 

incomplete homonymous visual field defect. This difference was mainly due to one patient 

with left neglect who demonstrated little to no improvement with the peripheral prisms, but 

all others improved at or very near to 100% detection (Figure 3). Improvements in detection 

did not require acclimation or training– patients in this study were tested upon first 

application of the peripheral prisms after only a few minutes of wear without any 

explanation other than that they would expand the view on the affected side. These findings 

of essentially normalized detection in 9 of 10 patients with left homonymous visual field 

defect and left neglect without any training are encouraging first findings for treatment with 

peripheral prisms. The ability to benefit from peripheral prisms, which shift the image of left 

side obstacles to the right side, is consistent with the previous reports of relatively intact 

involuntary (exogenous) orienting of attention to stimuli in the right visual field - where the 

images of left side obstacles appear when wearing the peripheral prisms.34,35 P-prisms 

therefore appear to be able to take advantage of the intact right field attentional systems for 

automatic detection of left side obstacles, at least in the relatively simple mobility situation 

used. Interestingly, prior studies in patients with left neglect but without homonymous visual 

field defect found the left field, when intact, still had severely impaired involuntary 

orienting;34, 35 therefore, it is possible peripheral prisms could be useful for left neglect even 

if the left visual field is intact or only partially affected (all but one patient with neglect in 

this study had complete homonymous visual field defect). This might be considered for 

future research.

The second hypothesis, that peripheral prisms would increase perceived collisions on the 

homonymous visual field defect-side and be similar in patients with and without left neglect, 

was also supported by our findings. An increased collision response was expected for both 

groups because the prism image appeared as though closer to the walking path than it 

actually was and patients did not see the true location of the obstacle on most trials (eyes 

were fixed straight ahead and obstacles were in the impaired field). A prior study found that 

patients with complete homonymous visual field defects without neglect who wore 

peripheral prisms for nine weeks continued to show a similar misinterpretation of visual 

direction for stimuli only visible in the peripheral prisms, yet, despite the misinterpretation, 

they reported improved mobility on a survey.15 This may have been because in their natural 

environments these patients were making appropriate gaze shifts to ascertain the actual 

location of obstacles after detection via the peripheral prisms,15 as instructed at the time of 

fitting. While detection of the prism image relies on involuntary mechanisms, this gaze shift 

after detection is likely an endogenous (voluntary, goal-directed) orienting of attention (i.e. 

the p-prism image is a cue to the patient to look left). Endogenous orienting was found to be 

partially impaired in patients with left neglect in a prior study not involving peripheral 

prisms when a visual cue to look to the left was provided in the central visual field.34, 35 

Failure to shift gaze to the veridical location of the obstacle after detection in the peripheral 

prisms (as we instruct p-prism wearers) may lead to unnecessary or over-exaggerated 

avoidance maneuvers, and warrants investigation.

While improvements with peripheral prisms in our study paradigm are encouraging, there 

are limitations to acknowledge. The present study did not include extended wearing periods 

and mobility behaviors were not measured during actual walking so it remains unknown 
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how avoidance maneuvers by neglect patients in response to the information from the 

peripheral prisms may differ from those without neglect. Another limitation are unavoidable 

effects of the study task on vigilance (ability to sustain arousal), which is frequently reduced 

in patients with left neglect.37,50 Vigilance was likely artificially elevated due to the frequent 

appearance of obstacles and regular reminders of the task by the experimenters. Thus, our 

experiment may not represent the detection or collision-decision performance of people with 

left neglect in real-world settings when obstacles are usually encountered infrequently and 

less regularly, and when they are free to look around naturally. The head was stabilized and 

gaze was fixed because the purpose of this study was to determine whether neglect patients 

can detect and make a collision judgment using multiplexed images from the peripheral 

prisms. This is not a natural situation but it did control for changes in scanning behavior and 

potentially confounding postural abnormalities common in left neglect which may reduce 

the efficacy of the peripheral prisms. For example, Prévost’s sign, a rightward eye and head 

deviation after stroke in patients with left neglect, is often severe initially, largely recovers 

over the course of a year,51,52 and would result in the peripheral prisms being decentered 

from the visual axis toward the blind field lessening the field expansion.

The sample size of patients with left neglect was only ten, and while sufficiently powered to 

detect changes in our primary outcomes, any covariate analysis should be cautiously 

considered. The main purpose of including covariates (age, duration, MMSE, gender, Bell’s 

and Line Bisection scores) was to reduce the effect of uncontrolled (known) variables in the 

analyses and was not to determine their significance as predictors of treatment success/

failure. The covariate outcomes could be considered preliminary for planning future studies. 

Another limitation is that patients and experimenters were not masked to intervention – they 

knew they were wearing a device to expand the field and no sham device was used to control 

for placebo effect. However, changes in collision judgments were consistent with the prism 

image displacement suggesting detection was indeed from the peripheral prisms and not the 

result of increased effort to utilize residual field, as might be caused by placebo effect or 

bias. We also acknowledge the heterogeneity of our neglect sample. Neglect is a 

combination of symptoms representing biased spatial functions such that any population 

studied has some heterogeneity.53 For example, in the present study neglect patients 4 & 6 

exhibited left side omissions on the Bells test but had normal line bisection (Table 2) and 

patient 10 had severe deficits in peripersonal space (paper and pencil tests) and was 

symptomatic with mobility (finding way to the left), but did not have symptoms in personal 

space (adjusting left sleeve or slipper). Symptom dissociation is well known in left neglect 

and is thought to represent different subtypes of the syndrome (e.g. personal, peripersonal, 

allocentric vs. egocentric, motor-intentional vs. representational neglect).54 Our sample was 

not large enough to evaluate responses by neglect subtype or severity, but is a potential 

consideration for future research.

CONCLUSIONS

In patients with homonymous visual field defects and left neglect, initial response to 

peripheral prisms was excellent in the controlled conditions of the virtual mall collision 

judgment task under steady central fixation. Patients could detect via the peripheral prisms 

an obstacle posing a collision threat in a relatively simple mobility situation. Our results 
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suggest that peripheral prisms may be helpful in clinical care of patients with left 

hemianopia plus left neglect. However, further study is needed to evaluate what happens 

with free gaze and after detection, and the potential benefits in everyday life.
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Figure 1. 
Standard unilateral fitting of oblique 57Δ peripheral prisms (p-prisms) on the left eye for left 

homonymous visual field defect (HVFD) with the segments laterally centered on the visual 

axis in primary gaze (indicated by the dashed arrow). The red dot is the position of the visual 

axis at the spectacle plane (picture was taken from slightly off to the left and up from the 

photographer’s perspective). The p-prisms straddle the border of the HVFD such that half of 

the prism is within the intact (right) visual field when in primary position of gaze.
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Figure 2. 
Virtual shopping mall experimental set-up photographed from above. Patients were seated 

with head fixed in a head-chin rest and eyes fixed on a central cross. Optic flow was 

generated to simulate walking and then a single realistically-sized human obstacle (0.7 m 

(8°) wide x 0.7 m deep x 2 m tall (23°) (as shown here on the left) would suddenly appear 

and then disappear after 1s, at which time the simulated walking would stop and the patient 

would be asked for a response of “collision”, “no collision”, or “no obstacle” if no human 

obstacle was seen. The human obstacle appeared at offsets from the walking path/fixation 

point ranging from 0° (directly in the walking path) up to 13.5° of visual angle to the left 

and right, measured from the inside edge of the obstacle. There were 88 trials (40 on each 

side and 8 catch trials where no obstacle appeared).
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Figure 3. 
Scatter plot of detection for each patient on the side with homonymous visual field defect 

(HVFD) without (x-axis) and with (y-axis) peripheral prisms (p-prisms). “Non” refers to the 

non-neglect group for those with complete HVFD and incomplete HVFD. One patient with 

left neglect and one without neglect did not improve substantively (data points close to the 

unity line).
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Figure 4. 
Average proportion detected by obstacle offset without and with peripheral prisms (p-

prisms) for the non-neglect (n=14) and left-neglect (n = 10) groups. The shaded area with 

negative x-axis values represents the homonymous visual field defect (HVFD) side. Gaze 

was fixed throughout the testing. Without p-prisms there was equally poor HVFD side 

detection in the non-neglect and left neglect groups (p = 0.77) and both groups improved 

significantly with p-prisms (p < 0.001). There was a tendency for the improvement in HVFD 

side detection with the p-prisms to be higher in the neglect group (p = 0.08).
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Figure 5. 
Average collision judgments by offset of the obstacle from the walking path without and 

with peripheral prisms (p-prisms) for the non-neglect and left-neglect groups. On the 

affected (homonymous visual field defect (HVFD)) side (negative x-axis values), p-prisms 

improved (p < 0.001) but exaggerated the safety margin an equal amount in left-neglect and 

non-neglect groups, p = 0.90 (i.e. patients report most obstacles detected via the p-prisms as 

an impending collision).
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Table 1.

Patient Characteristics.

HVFD (non-neglect) Left Neglect (and Left HVFD) Tests for between group differences
†

Total, n 14 10

Right HVFD 9 0

Incomplete HVFD 6 0

Female, n (%) 50% 30% p = 0.330

Age, years, median (range) 53 (22 to 86) 64 (24 to 84) p = 0.62

Years since onset, median (range) 5 (0.1 to 17) 5 (0.1 to 22) p = 0.38

MMSE
‡
, median (range) 29 (24 to 30) 28 (13 to 30) p = 0.59

HVFD = homonymous visual field defect

†
Wilcoxon Rank-Sum Test except gender (Fisher exact test)

‡
Mini-Mental State Exam (maximum score = 30); non-neglect (n = 13), left neglect (n = 10); data missing for one participant.
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