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Discussion of unilateral spatial inattention and a proposed new screening
method for its detection

Abstract

Unilateral spatial inattention, also known as neglect, is a condition associated with brain injury that results
in the patient being unaware of one hemifield, usually contralateral to the side of the lesion. It is
commonly the result of traumatic or acquired brain injury (stroke) and it can be quite variable in its
presentation and severity. Unilateral spatial inattention typically requires an extensive battery of tests to
confirm its presence or absence, and thus is often not identified by individuals working with these
patients. This lack of recognition often leaves unilateral spatial inattention patients underserved with their
visual needs. In this paper we review some of the common definitions, causes, rates of occurrence and
different manifestations of unilateral spatial inattention. We further review some of the classifications of
unilateral spatial inattention as well as the more common tests used to detect and diagnose it. An area of
much debate, treatment of unilateral spatial inattention, is also examined along with the clinical prognosis
for unilateral spatial inattention patients. In this discussion we propose a new testing method to aid in the
detection of unilateral spatial inattention. Brain injury patients commonly present with visual perceptual
deficits for which The Test of Visual Perceptual Slulls non-motor is commonly administered. This test is
frequently used by rehabilitation specialists and optometrists to help identify these deficits. We postulate
that patients with unilateral spatial inattention will show more mistakes on those test plates where the
correct answer choice falls into the neglected hemi-field. Therefore, it may be possible to uncover and
diagnose unilateral spatial inattention solely by analyzing a patient's pattern of errors on the Test of Visual
Perceptual Skills. If it were easier to detect unilateral spatial inattention, it would likely lead to better
rehabilitative care of unilateral spatial inattention patients.
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PREFACE

"Discussion of Unilateral Spatial | nattentionand a Proposed New Screening Method for
its Detection" wasinitially titled 'Introduction of a New Screening Method to Uncover
Unilateral Spatial Inattention with Brain Injury Patients. Thetitlewas changed because
the study was unable to begin testing of patientsin timefor thesis submission, dueto
slow processing at the hospital Institutional Review Board level. We thereforewrotea
review paper on the research currently available on Unilateral Spatial Inattention. The
main purposeisto educate Optometric practitioners about Unilateral Spatial I nattention,
althoughwe believe it can be useful for abroader audienceaswell. We review the basics
of Unilateral Spatial |nattention including its definition, prevalence, manifestations,
diagnosis, testing methods, treatment, and prognosis. We believewe have provided a
simple, yet thorough review of Unilateral Spatial Inattention. We havealsoincludedin
this paper our initial thesis design where we propose a new screening method to uncover
Unilateral Spatia I nattention.



Abstract

Unilateral spatial inattention, al so known as neglect, is a condition associated with
brain injury that results in the patient being unaware of one hemifield, usualy
contralateral to the side of thelesion. It iscommonly theresult of traumaticor acquired
braininjury (stroke) and it can be quite variablein its presentationand severity.
Unilateral spatial inattentiontypically requiresan extensive battery of tests to confirmits
presence or absence, and thusis often not identified by individuals working with these
patients. Thislack of recognitionoften leavesunilateral spatial inattention patients
underserved with their visual needs.

In this paper we review some of the common definitions, causes, rates of
occurrence and different manifestations of unilateral spatial inattention. Wefurther
review some of the classificationsof unilateral spatial inattention aswell asthemore
common tests used to detect and diagnoseit. An areaof much debate, treatment of
unilateral spatial inattention, is also examined along with the clinical prognosis for

unilateral spatial inattention patients.

In this discussionwe proposea new testing method to aid in the detection of
unilateral spatial inattention. Brain injury patients commonly present with visual
perceptual deficitsfor which The Test of Visual Perceptual Skills non-motor is
commonly administered. Thistest isfrequently used by rehabilitation specialists and
optometriststo help identify these deficits. We postulate that patientswith unilateral
spatial inattention will show more mistakeson those test plates where the correct answer

choicefallsinto the neglected hemi-field. Therefore, it may be possibleto uncover and



diagnoseunilateral spatia inattention solely by analyzing apatient's pattern of errorson
the Test of Visual Perceptua Skills. If it were easier to detect unilateral spatial
inattention, it would likely lead to better rehabilitative care of unilateral spatial

i nattention patients.



DISCUSSIONOF UNILATERAL SPATIAL INATTENTIONAND A PROPOSED

NEW SCREENINGMETHOD FOR ITSDETECTION

Definition of USI

Unilateral Spatial Inattention(USl); otherwiseknown as neglect, visual
US, or unilateral neglect; is acondition associated with brain injury—
either acquired or traumatic. It isaphenomenon where an entire
hemifield (generally the left) isignored. USI isdefined as a condition
wherethe " patient failsto report, respond or orient to novel or

nl

meaningful stimuli presented to the side oppositeof thebrainlesion.

The patient acts asif a hemianopiawere present, however the patientis

unawareof the defect.

Figure 1. Visual representation of USI; the lighter shaded area represents the affected portion of the
patient's body (including the left half of the face not shown in the picture)and space.

Causes of USI

USI may be present after various types of unilateral brain damagein various
locations. It can be seen after traumaticbraininjury (TBI) or acquired braininjury
(ABI). Themost common cause of TBI is motor vehicle accidents; other causesinclude
assault, accidentsin the home or workplace, and sportsinjuries.? ABI is caused by
cerebrovascular accidents(CVA) such as stroke. USI is seen more commonly after
stroke, particularly when the middle cerebral artery isinvolved. *# USI can be seen after
left brain damage (LBD), but is more frequently seen, more severe and longer lasting

after right brain damage (RBD). **



Unilateral spatial inattentioncan occur following alesion to any of thefollowing
areas: posterior parietal cortex, frontal lobe, cingulate gyrus, thalamusand striatum. ®
These areas are located throughout the brain, but they are all important componentsin
attention. USI is most frequently seen after insult to theright inferior parietal lobe, aso
identified as the posterior parietal lobe. Thisarea of the brain seemsto play alargerole
in representationof personal space or body image, and external space. * More
specifically, research suggeststhat the posterior parietal areais responsiblefor spatial
localization, directing attention for voluntary and tactiletasks and visual awareness.” It
is believed that the area receivesand integrates incoming sensory input and producesa
spatial representationof the world relativeto theself.” The posterior parietal lobe
integrates converging informationfrom visual, auditory and vestibular areas. The
posterior parietal |obe has extensiveinterconnectionswith the premotor cortex, the
frontal eyefields, the superior colliculus and the paralimbic areas (the strongest being the
cingulate gyrus). ©

Researcherstend to associate deficitswith alesion in just one area, but Mesulam
%910 heljevesthisto be amistake. He claimsthereare no distinct boundaries between
different types of USI dueto thetightly interwoven attentional network. Mesulam ® **°
claimsthat a certain behavior is not a product of one specific areaof the brain, butis

instead due to the many interconnectionsfound within that area of the brain and the

connectionsbetweenit and other parts of the brain.
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Figure 2. MRI scan of a patient with USL. The red region shows the area of the brain that has been
damaged.

Rate of Occurrence of USI

Estimates of the occurrenceof unilateral spatial inattentionvary greatlyin the
literature. Stoneet al. ! reported that over 80% of patientsdemonstrate USI following a
right cerebrovascul ar accident, whereas Deneset al. ' reported only a 17% rate of
occurrenceof USI followingaright CVA.

Thereis agreement in the literature, however, that UST is morelikely to occur
followinglesionsto the right hemisphere (causing left spatia inattention) vs. theleft
hemisphere(causing right spatial inattention). Allegri " found that 31% to 46% of right
hemispherestroke patients exhibited USI, vs. only 2% to 12% of |eft hemispherestroke
patients. Left USIismore severethan right USI as measured in neuropsychological
testing. 1> Also, larger lesionsincrease the severity of the USI. ¢ USI appearsto occur
more frequently following stroke than following TBI, * however we wereunableto find
exact numbers comparing theincidenceof USI in stroke patients vs. in TBI patients.
Much more literature exists about USI following stroke than USI following TBI.

Onereason for the discrepanciesin rate of occurrencefound in theliterature could
be the method of testing used to determineif USI was present or not. Hier et al.'*

(studying the same group of patients) found arate of 46% from behavioral observations



of USI and 88% from a paper and pencil Figure Copying Test. Another study *° found a
differencein occurrenceof USI on 2 different paper and pencil tests, from 49% on a
letter cancellation task to 30% on Albert's Test, aline cancellation test.

Another reason for the wide range of occurrence reported could relate to selection
criteriaused in different studiesand exclusionof patientswho could not completecertain
tasks required for some studies. One other thing to keep in mind when comparing
incidencedataisthewiderangein sample sizeused in different studies; many studies
only recruited very small samples. For example, one study that Bowen et al. * looked at
found arate of occurrenceof USI to be 100% in RBD patients, however only 9 RBD

patientswerelooked at in the study.

Implications for Daily Living/ Different Manifestations of USI

Unilateral spatial inattention can be very debilitating for patients. There are many
different manifestationsof the condition and possibly even different formsof USI. There
isawiderangein severity seenin USI patients. In one severecase, the patient would lie
in bed with eyes and head rotated toward the sideipsilatera to thelesion, unable to look
to the contral ateral side of space even when spoken to from that side. > Many varying
manifestationsare often seen in day to day living. For example, the patient may be
unableto pick up food from the side of the plate contralatera to thelesion, or unableto
brush their hair, apply makeup, or shave their face on the side contralateral to thelesion.
Even as USI beginsto resolveit can till be avery disabling condition. If patientsgo out
on abusy street, for example, many possible dangersexist if they are unaware of objects,

people, or worse, traffic on their left side.



It is believed that patientswith USI experiencea shift in their perception of
"straight ahead" or egocentriclocalization. These patients subjectiveperception of
straight ahead does not correspond to their objectivemidline. Thiscreatesa' spatial
mismatch between their subjectiveand objectivevisual spaces." 7 Karnath ? provided the
first scientific demonstration of this phenomenon. He found that the midlineshift can be
15 degreesor more. Patientswith large midline shiftstend to report that they feel
"unsteady," “out of synchwith theworld," and*'not grounded." 7 Symptomsassociated
with midline shift syndromeinclude—the floor may appear tilted, -personleans away
from the affected side, -thewalls and/or floor may appear to move and shift.

Another phenomenon seen with many mild USI patients (or possibly a sub-type of
USI, or astep in therecovery process from USI) isextinction. Extinction isa condition
where patientsare capable of distinguishing contralesional stimuli presented alone, but
are unableto detect the stimuli when competing stimuli are also present in the patient's
ipsilesional, intact field. '® Thisbehavior isreferred to as extinction because the
competing ipsilesional stimulus appears to extinguish the contralesional stimulus. *°
Extinction often becomes apparent when doubl e stimulus presentation confrontational
fields are done with the patient.

Patientswith USI can vary in the degree of awarenessof their defect. Suchoff’
proposes that a continuum existsranging from no neglect (basic hemianopiawith total
awareness of the field cut) to complete neglect (USI with complete unawareness of the

field cut). Patientscan fall anywherealong this continuum.



Categories of USI

Swan ¢ claimsthat there are 3 different categories of unilateral spatial inattention:
memory and representational deficits, action-intentional disorders(motor neglect), and
inattention (sensory neglect).

Memory and representational deficitsdescribesa condition where USI extendsto
visual memory and imagery of that spacein patients minds. Bisiachet al ™" *® described
the condition in studiesdonewith RBD patients. Two patientswith lesionsin theright
temporo-parietal region, and consequently left US|, were asked to describe, from
memory, a familiar squarein Milan containing a cathedral, palaces and shops. The
patients were asked to imagine themselveslined up in front of the cathedral. The patients
both accurately described the right side of the square but |eft out many things on the left
side of the square. They werethen asked to imagine themselvesfacing the other
direction (away from the cathedral). Thistimethey were ableto accurately describewhat
was previously on their left (now their right) and omitted landmarks on the other side of
the square that they had recalled perfectly when oriented the other direction. ' '* This
study suggeststhat memories of extra-personal space are stored in relationto one's own
self in that space. Swan ¢ statesthat this study shows that USI is not limited to motor and
sensory deficitsand extends to behavioral aspectsof brain function.

Motor neglect is not a deficiency of the motor pathway; instead it refersto an
inability or failureto movein space contralateral to the damaged hemisphere. ¢ Motor
neglect can manifest with respect to any part of an individua's body. Swan referencesa

study by Watson et al. * in which five monkeys were trained to open a door to their right



after left leg stimulation and open adoor to their eft following right leg stimulation.
The monkeyswerethen surgically given unilateral lesionsin the frontal arcuate gyrus or
the intralaminar nucleusof thethalamusand the mesencephalic reticular formation.
Lesionswereplaced in either theright or left hemisphere of the monkeys' brains.
Following surgery the monkeys demonstrated USI. Noneof the monkeyswere afflicted
with limb weakness. The monkeyswere then retested on the door-opening task and
showed mistakes when the stimulus was presented to theipsilesional limb (failureto
open the door on the side contralateral to the brainlesion). However, when the stimulus
was applied to the contralesional limb, no mistakes were made (they correctly opened the
door onthe sideipsilateral to the brain lesion). This showed that the monkeyswere able
to make motor responsesfollowing asensory stimulus, but with decreased responsesin
contralateral space (with theipsilesional limb) as shown by the number of incorrect
responses or failureto respond.

Sensory neglectisadecreased awvarenessor lack of awareness of sensory
stimulationin contralesional space. ¢ This decreased sensory awareness occursin spite of
intact primary sensory cortical areasand sensory pathways. ¢ This pertainsto the
observation that following right hemispherelesions, patientswith USI fail to attend to left
hemispace (thefield beginning at the body's midlineand extending laterally to the left).
Swan ¢ statesthat over timethese observations have led to the following theory: "'in an
individual with no known neurological pathology or impairments, the right hemisphereof
the brain attendsto both the right and left hemispacewhilethe left hemisphere attends
primarily to the right hemispace. Following aright hemispherelesion, attentionis

directed primarily to the right hemispace, resulting in aneglect of theleft hemispace. A



lesion of theleft hemispheredoes not usually result in USN [unilateral spatial neglect]
becausethe intact right hemispherecan direct attention to both hemispaces."

Stein *° proposed a different system for categorizing USI. He believesthereare
two general categories. Thefirstinvolvessomatic dysfunctions. Thisincludesimpaired
tactile perception and denial of the existenceto the contralesional side of the body. These
are dysfunctionsin personal space. The second category involves dysfunctions of visual
motor control, visual localizationand impaired visua representation of the outsideworld.
These are dysfunctions in extra-persona space. Hefurther subdivides this category into
dysfunctions in peri-personal space.

Suchoff and Ciuffreda * believethat initially the most obvious manifestations of
USI occur in personal space and then proceed to dysfunctionsin peri-personal space.
They statethat generally it is not possibleto evaluate dysfunctionsin extra-persona
space at thisstage. Suchoff and Ciuffreda’ give examplesof dysfunctionsseenin each
of the above categories. Persona space USI behaviorsinclude: anosognosa—failureto
recognizeamotor dysfunction, asomatognosia—failureto recognize body partsas one's
own, instability of the body in space, and akinesa—failure to move abody part. Peri-
personal space behaviorsinclude: failureto groom one side of the body, failureto read
one side of abook, failureto copy one side of pictures, unawareness of objects on one
side of atableand failureto place onearmin ashirt deeve. Extra-persona space
behaviorsinclude: an unawareness or inattention to one side of the external world,

frequent objects, peopleor traffic on one side of them.



How USI is Currently Diagnosed

Thereare awiderange of testsused by professionasto help detect USI. The
most popular are'*pen and paper”’ tests, which include line bisection, cancellation,
copying and drawing tasks. >' One of the more popular test batteries that employs several
of thesetasksis The Behavioral InattentionTest (BIT). It consistsof six pencil-and-
paper tests (line crossing, letter and star cancellation, figure and shape copying, line
bisection and representational drawing), and nine ‘behavioral’ tests. % Here we will
discuss some of the more commonly used testsfor the detection of USI. Whenlooking at
the accuracy of tests, factorssuch astest sensitivity and specificity should be kept in
mind. A test with high sensitivity and high specificity isfavorablein that it will havelow
false negatives and low fal se-positives, respectively. Most of the studiesdone on USI
detectiontests focus primarily on sensitivity (accuracy).

The Line Bisection Test isa common USI assessment tool that is part of the BIT
battery. It requiresthe patient to determinethe mid-point of a horizontal line. Thelineis
presented to the patient on a piece of paper placedin front of them and centered with
respect to the patient's midline. ? Thetest is typically scored by measuring the deviation
of the bisectionrelativeto the true center of theline. A deviation toward the ipsilateral
side of thelesionis usually indicative of USI. * For example, apatient with aright
parietal |obelesion would bisect the line moretoward theright of the center. The
measureof the deviation can gresatly vary with the extent of USI in each patient. One of
the problemsassociated with the line bisection test is that there are many different

versionsof it and the different versionsare not standardized. >* Some aso fed that other



factors may influence the results of thistest, such ashemianopia. One study found that
the line bisection test missed 40% of USI patients. >’ The test-retest reliability however
was found to be 0.97, using intra-class correl ation coefficient (I CC), indicating good
reliability for USI subjects.?® The ICC is ameasureof the similarity of observations

within groupsrelative to that among groups. %’

(a)

(b)

Figure 3. Line Bisection Test (a) subject performance without USI, (b) subject performance
with USI (right brain lesion)

Cancellation testsinvolvethe skill of visual search and some may involve figure-
ground also. They require the patient to search a pagefor targets and to cross each one
out. #* Patientswith USI have atendency to miss cancellation of targets contralateral to
the side of the brainlesion. Cancellationtestsare considered to be one of the most
sensitive pen and paper testsavailable. 28 Sengitivity isincreased when the cancellation

tests have a high density of targetsaswell as distracter items. %



Thereare avariety of different cancellation tests, some of which includetheLine
Crossing test, Bells test and the Star Cancellation test. > The star cancellationtest has
been shown to be the most sensitive?' and isalso part of the BIT battery. Thetest, as
presented to patients, is apage with 56 small stars, 52 large stars, 13 letters, and 10 short
wordsonit. Again, thegoa of thistest isto havethe patient cross out all of the small
stars. 2! Thistest design has the potential for being a high sensitivity test because of the
presenceof distracter items aswell asthehigh density of targets. Bailey et al. *° found
the test repeatability, through intra-classcorrel ation analysis, to have a coefficient of
0.89, indicating good repeatability. Another study found that the star cancellationtest

had a diagnostic sensitivity of 80% and a diagnostic specificity of 91%. *°
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Figure 4. Star Cancellation Test
| nage f r om http://www.undergrad.ahs.uwaterloo.ca/~aktse/assessment.htm]

TheLine Crossing Test, also part of the BIT battery, can be confused with theline
bisectiontest, but it is adifferent assessment tool. Thelinecrossing test that is part of the
BIT iscomposed of uniform black lines placed randomly on a page in various

orientations.”’ The subject is asked to cross out every black lineon thepage. Itis



believed that a patient with USI will make more omissions on the side contralateral to the

side of thelesion. One study found a sensitivity of 23% for the line crossing test. **
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Figure 5. Line Crossing Test
| mage f r om http://www.undergrad.ahs.uwaterl 0o.ca/ — aktse/assessment.html

The Indented Paragraphtest is another commonly used test and is also part of the
BIT battery. The paragraph isindented a different number of spaces on each lineand the
patient reads the paragraph aoud. The examiner has a copy of the paragraphsand
followsaong as the subject reads. The examiner notes any omissions and additionsand
how long it takesto compl etethe task. In one study the sensitivity of thistest wasfound
to be 77%. #

The Baking Tray Test is another test used to detect USI. For thistest the subject
is asked to place buns, which are actually wooden cubes, on abaking tray, whichisalso a
wooden board. The subject is supposed to place the buns as evenly and symmetrically as
he can. Subjectswith USI generally are found to skew the distribution of the bunsin an
ipsilesional direction. Bailey et al. *° found the test-retest reliability to be an ICC of 0.87

for patientswith USI (good reliability).



Another test that is part of the BIT battery isthe Clock test, which isused as a test
for representational inattention. ** Thereare different versionsof thetest, but al have
the common theme of drawing from memory. A pre-drawn circle may be presented to
the subject. The subject isthenrequiredto draw in the clock face from memory. The
hands of the clock arerarely requiredto be drawn. In patientswith USI the numberson
the clock are usually skewed towards one side of thecircle (ipsilateral to the brain

lesion).
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Figure 6. Clock Test: Performanceof a USI patient (right sided lesion)

Many studies have been done to assess the effectiveness of different testsin the
detection of USI. The studiesprimarily haverelied upon stroke patients because thereis
ahigher USI prevalencewith this population than with traumatic brain injury patients.
Consequently, the majority of studies have been limited to elderly patients, becausethis
popul ation has a higher occurrence of strokes. %

Marsh and Kersel’s 2! investigation compared four different tests. Thetestsare
all part of the BIT battery; Star Cancellation, Line Bisection, Indented Paragraph and the
Line Crossingtest. They found that the star cancellation test was the most sensitivetest
of thefour. They determined this by examining the performance of those patientswho

demonstrated USI on any of thefour tests. They found that the line bisection and theline



crossing werethe least sensitivewith 31% and 23% detectionratesrespectively. The
indented paragraphtest had a sensitivity of 77% and the star cancellationtest was found
to have a sensitivity of 100%. Interestingly, they found a significant correlation between
the star cancellationtest and the results of adaily living assessment.

A study done by Stoneet al. *' tested for USI using a" modified" neglect test
battery with elderly patients. Their test battery included the followingtests: 1. Pointing
to objects located about theward, 2. Food on a plate, 3. Reading a menu, 4. Reading a
newspaper article, 5. Line cancellation, 6. Star cancellation, 7. Coin selection and 8.
Figure copying from the left. Criteriaused to determine USI were based on a comparison
to age-matchedcontrols. If more omissionswerefound with any onetest than those by
age-matched control sthen USI was considered to be present. The researchers also used
some other sensitiveindicators of thetesting battery to assessfor USI. Theseincluded
major or minor omissions on left figure copying, Crowding (patient draws more toward
one side of page) and aRight Hand Start on the reading tests. Although theseindicators
cannot be scored on an ordinal scale, the researchersfound that these variables were not
present in the control sample. Therefore, they believethat thesefactorsare clinical
indicatorsof USI. 3

Stoneet al. ** tested right hemisphere stroke and | eft hemisphere stroke patients
three days post stroke. They found that 72% of the right hemispherestroke patientsand
62% of the left hemispherestroke patients demonstrated USI on at least onetest. It was
found that the Newspaper reading, Star cancellation, Pointing to objects, Food on a plate
and Line cancellationwere more sensitive to UST in patients with right hemispheric

stroke.



The validity of thistest battery was confirmed by two occupational therapists
(blind to the results of the test battery) by comparison to a specific checklist of USI
behaviors. Some examples of the questionson the checklist were™ Did the patient fail to
dress, wash or groom their contralateral sde?" and "' Did the patient fail to orientateto
environmental stimuli on the side oppositethe cerebral leson?". Theresultsof the
validity testing showed that 16 out of 17 patientsidentified with USI based upon the test
battery also manifested USI behaviors on the occupational therapist checklist. > Thistest
battery also showed that it was sensitiveto changesin USI over time. Of all thetestsin
this battery, the Star Cancellation test was found to be the most sensitive. *

A study done by Bailey et a. ** examined theresultsof abattery of teststo
determine appropriatecut-off scoresto use with asample of elderly strokepatients. The
battery they used "*included validated testsfor visuo-spatial neglect within extra-persona
or reaching space, directional hypokinesia (inability or downessto move the non-affected
hand acrossinto contral esional space), representational neglect, and personal neglect.” *
Test sensitivity and ease of use were also considered in this study. The Star Cancellation
Test, Line Bisection, Copy-a-Daisy, The Baking Tray Task, Draw-a-Clock, Exploratory
Motor Task and Personal Neglect Test were all part of thetest battery. Thefirst four tests
were used as a measure of USI, thefifth test an assessment of directional hypokinesiaand
the sixth evaluated personal neglect. The scoresof all the tests combined for the stroke
patientswere compared to the cut-off scores determined by an age-control group of
healthy elderly subjectsto assess whether or not USI was present. The score of each test
in the battery was then assessed for the USI patients and the sensitivity of the individual

testswas determined. Bailey et al. 2 found that the star cancellation test and theline



bisection werethe most sensitivein detecting USI. They both had a sensitivity of 76.4%.
Thisgroup also believesthat "* Clock drawing is not recommended for the assessment of
representati onal neglect, and daisy copying isinsufficiently sensitiveas atest for visuo-
spatial neglect.” *

Azouvi et al. *® adso examined a battery of tests to assessthe sensitivity of the
testsin detectingUSI. The battery of testsincluded paper and pencil tests of extra-
personal USI as well as a behavioral assessment of USI and anosognosia. The paper and
pencil testsincluded The Bellstest, Figure copying, Clock drawing, Line bisection,
Overlappingfigurestest, Reading and Writing. The behavioral assessment was done
using the CatherineBergego Scale (CBS), atest that assesses the presenceand severity of
USI. The CBS uses a checklist to assess USI in anumber of daily activitiesand the
subject is given ascore for each activity. Thevaluesare then summed up to determine if
thereis USI and if so, how severe.” Inthisstudy they found the Bells testsand the
reading test were the most sensitivepaper and pencil tests. Instead of thetypical
omissions measured on cancellation tests, these investigators also examined on which
sidethe patient started thetest. They found that in 50.5% of the patientsthey started the
test on the right sided columns. They also looked at the number of right and left side
omissionson the Bellstests, which was al so one of the more sensitivemeasures, just
below that of the reading test, whichwas scored on the total number of omissions.

Azouvi et a. ** also found that sengitivity of the behavioral assessment was higher than
any singletest in the paper pencil battery and the sengitivity was comparableto that of the
test battery as awhole. Although others have suggested that the clock test ** is not very

sensitive, and therefore not a valuable part of thetesting battery, Azowvi et al. *° believe



otherwise. They found that the clock drawing, figure copying, and the total number of
omissionsand starting point on the Bellstest were able to significantly predict behavioral
USI. Thisissignificantin that this shorter testing battery may be a more practical
clinical tool for the assessment of USI. %

Some studies have examined how atimelimit on completion of atest affectsthe
outcomeof the test. Most tests administered to USI patientsdo not specify atimelimitin
which the test must be completed. Thismay result in migudgment of the severity of the
USI. Schendeal and Robertson '° give an example of wherethereisunlimited exposure
timeto atest, theline cancellationtest. They point out that many patientsmay initialy
show inattention to contralesional items, but as they continueto search or re-check their
work they may find the missed items. This presents a problem when comparing scores
for two different patients. One patient may have mild USI and obtain the same scoreas a
patient with a higher degree of USI. These scores do not represent how the patients
arrived at their end performance; the patient with a higher degree of USI may havejust
taken longer to completethetask. Schendeal and Robertson '® believe that reactiontime
measures are advantageous, both clinically and experimentally.

Undoubtedly there are many different testsin use for the detection of USI and
studies show varying results for which test(s) is/are the best for this purpose. TheLine
Bisection test is acommonly used tool for detection of USI, but we believe that different
factors such as hemianopia can influence the accuracy of thistest. Another commonly
used test isthe Clock Test whichisadrawingtask. Thistest isused to identify
representational inattention and may be influenced by other factors, such as subjectivity

in scoring. Wethereforedo not believeit is agood detection tool for USI.



From the studies discussed previoudly, it is apparent that having a greater number
of testsin thetesting battery increases its sengitivity for detection of USI. ** However,
many times the practitioner islimited in timeand/or resources, making it difficultto use a
testing battery consisting of a number of different tests. Not only that but, patient fatigue
and attention level should also be considered with time consuming tests. > We believe
that in such casesthe use of the Star Cancellationtestisvery valuable. Literaturehas
shown that on its own it is one of the more sensitivetestsfor the detection of US] . 3212
To make the testing more sensitive, observation of which side the patient begins the test
isalso helpful. Thistype of observationis simple and does not lengthenthe testing time
but providesuseful information. We believe that this combination alowsfor the
detection of USI but does not differentiatebetween the different types of USI. However,
detection aloneis important because many USI patientsare undiagnosed and thereforedo
not receivethe appropriatecare they need. Therefore, for practitionerswho do not
specializein USI patientsa simple detection tool such as the Star Cancellation test can be
very useful. It allowsthem to recognizethe condition and providethe USI patient with
the appropriatecare and referrals. For a more complete diagnosis of presence and
severity of USI, we believe that a more thorough testing battery such asthe BIT should
beused. We also believethat abehavioral assessment, such as the CatherineBergego

Scale, is very valuablein making the diagnosisof USI.

Differential Diagnosis: Field Cuts vs. USI

USI can easily be mistaken for a hemianopia(although they can occur together),

but the damaged brain structuresin the two conditionsare quite different. Hemianopiais



a sensory lossin which the damaged neural elementsare in the postchiasmal visual
pathway including the primary visual cortex. USI, on the other hand, is a perceptua
deficitin whichthereis no problem with the neural components necessary for sight.
Instead, the visual pathways necessary to attend to or perceivethe sensory input are not
intact—a lesion is present in the parietal cortex.

Oneway for cliniciansto differentiateUSI from a hemianopiaiswithline
bisection tasks. Patientswith USI typically transect the line off to the side contral ateral
to their field defect, whereas patientswith hemianopiatypically do the oppositeand
transect the line off in the direction of their scotoma. ** Another way to differentiateUSI
from a hemianopiais the differencein scan paths. Patientswith USI have more abnormal
scan pathsand fewer glancesinto their blind field compared to patientswith hemianopia
32

Visual acuity testing is another good way to differentiatehemianopiavs. US|. :
The hemianopic patient will initially omit letters on one side of the chart, but once this
omissionis pointed out to them they will then turn their head to scan into the missing
field, so that al letters are then called out. USI patients, in contrast, will also omit |etters,
but even when the omission is pointed out they will continue to omit the letters. 3

Another important, yet smple, differential can be observing the patient walk
downahallway.? Patientswithout hemianopiaor USI will generally walk straight down
the hallway without favoring one side or the other. Patientswith hemianopia (right
lesion) will tend to swerve off toward the left part of the hallway and will generally show
ahead turn toward that side or will scan into that field showing an awareness of the

defect. However, USI patients(right lesion) will tend to swerve off to theright side of



the hallway and generally will not show ahead turn or scan into the missing field,
showing their unawarenessof the missing field.

Another ssimple way to differentiatehemianopiafrom USI is simply asking the
patient if it appears that " one side of theworldismissing,” if he or she " frequently bumps
into thingson oneside.” Patientswith purely hemianopiawill generally answer yesto
these questions, whereas patientswith USI will answer no, demonstrating denial typical
of the condition.? Other useful questionsto ask the patientsand their significant
other/family/caregiver are does he/she tend to leavefood on one half of the plate, does
she put makeup on only one side of her face or does he shave only one side of hisface.
Patientswith USI will deny most of thesebehaviors, but their caretaker will disagree. ®

It isimportant to point out that hemianopiaand unilateral spatial inattention may
not be distinct, mutually exclusivediagnoses. Depending on the site of the lesion, either
hemianopiaor USI may be present or both hemianopiaand USI together to varying
degrees. Suchoff and Ciuffreda® propose4 different diagnostic categories. Category 1:
Hemianopiawithout neglect —hemianopia indicated by confrontation and perimetric
testing, and patient is aware of thefield loss and does not demonstrate USI behaviors.
Category 2: Hemianopiawith US —hemianopia indicated by confrontation and
perimetrictesting, however patient isunaware of thefield loss and demonstrates USI
behaviors. Category 3: Incomplete hemianopiawith US —hemianopiais not indicated
on confrontationtesting, but extinction is present with adouble stimulus presentation. A
relative decreasein sensitivity isshownin the left field in perimetric testing. The patient
isunaware of thefield loss and showsUSI behaviors, but inconsistently. Category 4:

UST without hemianopia— hemianopiais not indicated with single stimulus



confrontationsor perimetric testing. A double stimulus presentation shows extinction,

and the patient is unawareof any field loss and shows USI behaviors. *

Treatments for USI

Thereis some controversy in theliteratureregarding the best treatment for
patientswith USI. Some researchers even arguethat rehabilitationfor USI patientsis
unnecessary due to the high rate of spontaneousrecovery. ' Thereare two different
approaches to treatment: behavioral methods (or a rehabilitationapproach), and what
seems to be amore recent approach, optical methods (or a compensation approach).
Behavioral methodsinvolve training attention in the neglected left hemispace and
scanning training. Thistype of training tends to be more successful in patientswith at
least some awarenessof their field defect. Patients with severe USI tend to not respond
well to thistype of training sincethey are being asked to look into a part of spacethat is
nonexistentto them.

With behavioral methods, the patient i s encouraged to become aware of and look
into the affected field. Some techniques used mimic paper and pencil tests. Patientsare
asked to circle or cross out certain words on a newspaper page, in an attempt to makes
them more aware of the unattended area. *  Another techniqueinvolvesreading with red
tape on the left side of the pageto draw attention to the neglected side. ®

Computer based programs, which are sometimes used for diagnosis of USI, can
also be helpful for treatment; 2 common programsare Reaction Time Measureof Visual
Field (REACT) and The Single and Double Simultaneous Stimulation Test (SDSST). In
REACT the patient presses a button each time they percelveasinglestimulus at random

locationson the screen. The stimuli are presented in a butterfly-shaped pattern of 16



trials. Therate of stimuluspresentationincreasesin incrementsof 0.01 sec. Thisalows
the examiner to comparethe reactiontimein onefield vs. the other and comparereaction
speeds in onetrial to another (gaugeimprovement).? In SDSST, minus(-) and equal
signs (=) act as stimuli. Either singleor double presentations of these stimuli are
randomly presentedin 45 trialsat extreme sides of the screen. Responsesare recorded
and evaluated for awareness and accuracy. *

Several researchers have found a reduction in USI foll owing manipulation of
sensory informationtransmittedto the brain carrying information about the position of
the head in space. ¢ Some studieslooked at vestibular stimulationthrough caloric
irrigation and found a temporary remission of USI. ¢ Other studieslooked at galvanic
stimulationof the vestibular nerves and a so found atemporary reductionin USI which
seemed to last for about aday. ¢ Karnath et al. ** found a temporary reductionin USI by
vibrating the left posterior neck muscles and al so thru |engthening the left posterior neck
muscles by rotating thetrunk 15 degreesto theleft. Thistemporary reductionwas
presumed to be due to changed proprioceptiveinput from the neck muscles. **

One exampleof a specific training technique * or sequencecould begin by asking the
patient to look straight ahead at atarget on atable(e.g. acoin). The optometristl
occupational therapist1trainer could then ring abell in the unperceived field and ask the
patient to find the bell. Next the patient would be asked to find the bell using only their
eyes (teaching scanning). The patient would then be asked to touch the bell using both
hands. The patient would next be asked to look back at the coin, and then to look at the
coin and touch the bell location from memory using only one finger (the bell would not

beringing for thisstage of training). The patient would be asked to look and see where



they touched. Thissequencewould be repeated with the bell in different locations.
Training would then progress to 2 simultaneous stimuli in the unperceivedfield (e.g. a
bell and a cube). The patient would be asked what they see and then asked to touch the
bell and then the cube. Thetrainer would then ask the patient different questionsabout
the 2 objects, like"which oneislarger?’, "which oneis closer?’, etc. Thisprocedure
could then be repeated and expanded upon by modifying targetsand stimuli.

Optical methodsfor treating USI work to eliminateor diminish the visual field
defectsexperienced by patientswith USI by modifying the visual input. The most
common method is the use of yoked prisms. One variety is partial (or half-field) yoked
prisms—aeither Fresnel prismsor prism ground into half of eachlens. The base of each
prismis placed inthe directionof thefield loss. Thisrequiresless of an eye movement to
view targetsin the compromised area. The problem, however, isthat patientsneed to
actively look into each prismin order for there to be any benefit, thus making them not
particularly effectivefor USI patientssincethey are unawareof their field loss.* Full
field ground in yoked prismsseem to be more effective because these do not requirethe
patient to actively look into the prism for thereto be abenefit. * The effect with these
prismsisthat of the entirefield being shifted over in the directionof the apex of each
prism. Thishelpsthe patient to become more aware of people and objects presentin their
compromisedfield. Theonly problem with these prismsisthat in shifting the entirefield
over, part of the patient's peripheral intact field islost.* However, this method of
treatment seemsto be quite successful. Rossi et al. ** used baseleft yoked prismson

right brain damaged USI patients. After four weeks of wearing the prisms, these patients



showed improvement on visual perception tests when compared with patientsin the
control group.

Mirrors have also been used as a therapeutic deviceto draw attentionto the
impairedfield.* Mirrorsare either mounted or clipped to the nasal side of the spectacle
lens on the same side asthefield defect (i.e. on left lensfor aleft field defect). The
mirror istilted to reflect the missing field. However, aswith the partial yoked prisms
discussed above, these require the patient to actively look into the mirror in order to see
themissingfield. Other problemsincludethereversed image of the field now seen by
the patient and the cosmetic issues of wearing amirror.> Ramachandran et al. * placed a
mirror in theright plane of patientswith left USl. Patientswere then asked to reach for
an objectin the left field that was visiblein the mirror, some patientswere able to locate
the object, while other patientsattempted to reach for the mirror image of the object.
Ramachandran et al named this behavior "' mirror agnosia.™ >

Several researchers have looked at using an eye patch with USI patients.
Research has shown that in a person with an intact nervous system, retinal input is
strongest to the contralateral superior colliculus. ¢ Visual stimuli transmitted to theright
superior colliculusproduces leftward saccades, and visual stimuli transmitted to theleft
superior colliculusgenerates rightward saccades. ¢ When theright eye of left USI
patientsis covered with a patch, the visua stimuli to the left eye most likely follows the
stronger pathway to the right superior colliculusand resultsin aleftward saccade, thereby
shifting the patient's attention over to the compromisedleft field.*” It istherefore
theorized that the eye patch affects perception and attention by shifting the patient's

attentionto theleft. > Beis et a. >’ looked at different kinds of patching methodson



RBD stroke patientswith left US|, using photo-ocul ography, overall score on the FIM
(Functional IndependenceMeasure), and aletter cancellationtest as measurements.
Patientswere divided into a control group, a group with a monocular patch over theright
eye, and agroup with a binocular patch covering theright hemifield. The patcheswere
worn for 12 hoursaday for 3 months. Results of the study showed significant
improvementin the patientswith right half-eye patches vs. the control group. However,
no significant differenceswere found between the right monocular patch group and the
control group. ¥

One study ** suggested that administration of carbidopa L -dopa (Sinemet) to USI
patients reduces USI as measured by improved scores on the Behavioral Inattention test
(BIT). Thisstudy used a small sample size (4 USI patients), so further research will be

needed to determineif thisisindeed an effectivetreatment.

Clinical Prognosis with Diagnosis of USI

Another area of disagreement in theliteratureisthe recovery period for patients
with USI. Cassidy et al. * found the rate of recovery to bethe greatestin thefirst month
post stroke. Dombovy and Aggarwal * stated that gross neglect resolvesto alarge extent
by 8 to 12 weeks, but subtle defects can persist which impededaily living. It has been
suggested that major recovery from USI occurs within the first 6 months, but the effects
can remainfor years. One study even reported features of USI 12 years after the stroke. °

Bowen et al. * looked at 4 different studies of USI patients and compared the rate
of recovery reported in those studies. They found that only 1 out of the 4 studies reported

adecreasein therate of incidenceof stroke patients with contralateral USI over a6



month period, from 13% to 3%. * They found that areductionin frequency of USI
following stroke was morelikely with LBD vs. RBD. ?

Cassidy et a. ** found that ahigh initial score on theline cancellationtest was
associated with recovery from US|, whereas poor scoreson the line cancellation test (a
test with no distracting stimuli) suggested a more severeform of USI and was a poorer
prognosticindicator.

Thereisagreement in the literaturethat the presence of USI isavery negative
prognosticindicator on recovery fiom stroke or TBI. **%3° Patientswith USI have been
found to have longer lengths of stay in rehabilitation facilitiesand requiremore

assistancewhen discharged from fagilitiesthan patientswithout US!. ©

Current Direction of Research on USI

One areaof current research dealswith the' cross-over phenomenon™ that seems
to occur with some USI patients. *"? It has been found that patientswith left USI who
demonstratethis phenomenon tend to bisect long horizontal linesto theright of thetrue
center, however, when asked to bisect a shorter line, the same patients mark the midpoint
to theleft of the true center —towards their neglected field. Researchersaretryingto
determinethe cause of this cross-over phenomenon. Doricchi et al. *' looked at line
bisection of 20, 100 and 200mm horizontal linesin unilateral brain damaged patients
divided into 4 categories: USI with hemianopia, USI without hemianopia, hemianopia
without USI, without UST or hemianopia. Cross-over was found on 20mm linesonly in
USI patientswith hemianopia *' 1n asecond study Doricchi et al. *' compared RBD

patients: patientswith USI and inferior quadrantanopiaand patientswith inferior



guadrantanopiabut no USI. They found that when 20 mm lines crossed the blind
guadrant, USI patients showed the cross-over effect, however, when 20 mm lines crossed
the seeing quadrantsthe cross-over phenomenon was not seen. ** Researchersconcluded
that ' cross-over seemsto depend on the small spatial effects produced by reflexive
contral esional gaze shifts allowing eccentric fixationswith the seeing hemifield.™ *!
Wang et al. “* found that if the cross-over effect occurredin right space, it was strongly
supported that the patient had moderate to severe USI. *

Another areaof current research iswith impaired spatial working memory
(SWM) as a possible component of USI. **** Researchers have suggested that a deficit in
keeping track of spatial |ocationsmay contributeto the severity of USI in someRBD
stroke patients. Malhotraet al. ** looked at right hemispherestoke patients' (10 with USI
and 10 without) performanceon a computerized vertical version of the Cors task in
which patients were shown vertical spatial sequences on a screen and then asked to
respond verbally (yesor no) if asinglelocation had been in the previous sequence.
Patients with USI demonstrated significantly poorer performanceson the task vs. control
groups. Poor performance on the task, which measures SWM capacity, correlated with
left UST on cancellation tasks. *

One other area of current research deals with prism adaptation. > *> ** Maravitaet
al. ** looked at four patientswith USI who wore 20 degreesright-shiftingprismsfor 10
minutes. All patients showed an improvement in contralesional tactile perception. When
Suchoff and Ciuffreda® compared the reactionsof USI patientsvs. hemianopic patients
without USI to yoked prismsthey found that USI patientsreported they "'feel more

grounded” or "'the world is now moving with me", vs. hemianopic patientswho tend to

20



report the opposite.* They fed this could be explained by the mid-lineshift that many
USI patients experience—the yoked prismson the USI patientswith mid-line shift
strai ghtened out the mismatch between their perception of " raight ahead” and objective

""straight ahead.” ?

Summary

Unilateral Spatial Inattention isa conditionin which the patient ignores one
hemifield, yet iSunaware of the defect. It may be present after varioustypes of unilateral
brain damage in various locations (ether traumatic or acquired).

USI hasmany di fferent manifestationsand categories. It can havevery negative
implications for daily living—affecting per sonal, peri-personal and extra-per sonal spaces,
One helpful model for undergtanding UST s that of Suchoff and Ciuffreda; wehave

created a graphical representation of their model.
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Figure 7. Categories of USI

There are a wide range of'te

ts used by professionals to help detee

most popular are “pen and paper” tests, which includeline bisection, cancellation,

copyingand drawing tasks. To aid in under ganding the different types sf USI tests, we

have created a graph that i

the different categories,
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Figure 8. Different diagnostic tools used In the assessment of USI.



We believethat, for screening purposes, the Star Cancellation test (including observation

of which side the patient begins the test) isthe best tool. For amore completediagnosis

of presence and severity of USI, we believe that a more thorough testing battery such as

the BIT should be used.

USI can easily be mistaken for a hemianopia (although they can occur together).

There are several different methods optometrists can use to differentiatethe two—

ranging from visual acuity testing to line bisection tasks. We have created a tablewhich

may help clarify thisdifferentiation processfor the clinician.

Hemianopia Extinction
indicated by present with
Hemianopia single doublestimulus | Performance
indicated by stimulus Patient presentation on theLine
perirnetric confrontation Patientis demonstrates confrontation Bisection
testing testing awar eof defect | USI behaviors testing Test
Category 1: Contralesional
Hemianopiawithout displacement
USI Yes Yes Yes No No of bisection
*Depends on
Category 2: side of
Hemianopia with hemianopia
USI Yes Yes No Yes No and USI
*Dependson
side of
Relative hemianopia
Category 3: decreasein and USI
Incomplete sensitivity -inconsistent
hemianopiawith shownin left results
USI field No No Inconsistently Y es--eftfield expected
Category 4: Ipsilateral
USI without i splacement
hemianopia No No No Yes Y es--leftfied of bisection

Table 1. Differentiating between USI and Hemianopia; responses of patient with right sided brain
lesion. Note where effected field has been identified it would be oppositein patient with left sided
brain lesion. *Expected results based upon author's understanding

Several different treatment methodsexist for USI. The two main types of

treatment are optical methodsand behavioral methods. We have created a diagram to

help organizetreatment.
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Figure 9. Treatment Methods for USI (assuming right brain damaged patient).
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The clinical prognosisfor patientswith USI isan area of controversy; however
researchersdo agreethat the presence of USI is a negative prognosticindicator for
recovery from braininjury. Thereisstill agreat deal we do not understand about USI;
much research in theareais currently being conducted to improve our understanding and

help us better diagnose and treat patientswith the condition.

THESIS DESIGN

One of themain goal s of this study was to determine whether acommonly used visual
perceptual test can be utilized as a screening tool to helpidentify USI. Braininjury
patients commonly present with visual perceptual deficitsfor which The Test of Visua
Perceptual Skillsnon-motor (TVPS) iscommonly administered. Thistest isfrequently
used by rehabilitationspecialistsand optometriststo help identify these deficits.  The
TVPSiscomposed of seven subtests with each having 16 test plates. Each plate hasfour
or five figures (depending on the subtest) displayed horizontally as answer choices, with
only one being correct. Literaturehas shown that patients with USI arelesslikely to
visually searchin areasthat are contralateral to the side of the braininjury. > We
hypothesizedthat USI patientswould be morelikely to make mistakes on thosetest
plateswhere the correct answer choicefallsinto the neglected hemi-field. Therefore, it
may be possibleto uncover and diagnose USI solely by analyzing a patient's pattern of
errorson the TVPS. In other words, if the TVPSis already being administered to brain
injury patients, then the results of these tests can be further analyzed to test for USI. This

would be significant because many times USI patients are undiagnosed and their needs



underserved. We hope thistool will increase the detection of USI and thereforeallow

health care professional sto provide these patientswith the appropriate care.

Subjects

The intended subjects for this study were traumatic brain injury (TBI) and
acquired braininjury (ABI) patients primarily from a private optometric practice, with
additional patients possibly availablefrom alocal health sciencesuniversity, and two
neurorehabilitation centers. The number of subjectsin the study would have depended on
the number of available TBI and ABI patientsin these clinicswho would have agreed to
participate, and fulfilled requisiteinclusioncriteriafor participation. Ideally wewould
have liked to have seen at least 30 brain injury patientswith equal distributionof TBI and
ABI patients.

The exclusion criteriafor participantswould have included: Near visual acuity of 20150
or worse OU, central visual field defect (central 10 degrees), eye movement limitation
(within 15 degreesof primary gaze), or manifest strabismusor diplopiaat near (40-

50cm).

Testing

Thetesting for the exclusion criteriawould have included best corrected near
visual acuity testing using a Snellen near point card held at 40 centimeters. Thevisua
field defect would have been assessed using a screening threshold Frequency Double
Technology (FDT) field test, excluding any patientswith any significant field loss

equivalent to p<5% in the central 10 degrees. Thistestingwould not haverequired the



subject to maintain attentionfor along period of time. The subjects eye movements
would have been tested using traditional version and duction testing looking for
limitationsin movement or diplopia. The patientswould have undergone a cover test at
40 centimeters as well as a stereopsistest at near to determine the presenceof strabismus.
Patient testing would have been administered by Dr. CurtisBaxstrom, and hospital based
rehabilitationspecialistsat those Sesattle area hospitalswhere Dr. Baxstrom has
privileges. All test administratorswould be given atesting and study protocol
orientation.

As mentioned before, this study wasto be focused on whether or not the TVPS
cantest for USl. Inorder to test thisidea, we developed a vertical version of the TVPS to
eliminatethe variableof patient understanding. We wanted to make surethat if we saw
any mistakeson the TV PS horizontal they were not due to the patients' lack of
understanding of thetest. The appropriate statistical analysiswould have been doneto
measure the correl ation between the two versions. We scanned each page of the TVPS
into Photoshop 5.0. We then made the proper adjustmentsto the page followed by cutting
and pasting the shapesinto a vertical orientation. We printed out each page of the vertical
modified TVPS onto to an 8.5” x 14" sheet of card stock. Thiswas donefor TVPS
revised and the test pages were then bound together.

Wewould have used the Star Cancellation test, a subtest of the Behavioral
Inattention Test, to assess subjectsfor USI. The Star Cancellation test has been shown to
be one of the most sensitivetests for detecting USI 7, athough a battery of tests has been
shown to be even more sensitive.?® Dueto time constraintsin patient testing and to

prevent patient fatiguewe would have used thissingletest to test for USI. To increase



the sensitivity of the Star Cancellation test we would have looked at two different
variablesonthistest. Observingthe sidethe patient startsthetest (right versusleft), and
the number of omissions on the left side versusthe right have both been shown to
increasethe sensitivity of thetest. ** Patientswould have been divided into two groups,
brain injury with USI and braininjury without USI, based on the results of the Star
Cancellationtest.

We would aso have had experienced health care providers give a subjective
behavioral assessment of whether USI was present or not. Theseresultswould have been
used in the data analysisto seethe correlation between the behavioral assessmentsand
the TVPSresults.

Two versionsof the TVPS would have been used—one version with answer
choices presented horizontally and one version with answerspresented vertically. The
test would have consisted of alternatepresentations of horizontal answer choicesand
vertical answer choices. We would have randomized which test page was presented
first—horizontal or vertical. Half of the patients would have been presented with a page
with horizontal answer choicesfirst and half would have been presented with a page of
vertical answer choicesfirst. To insurethat each test was presented on the patients
midline, we would have used a head rest to steady and maintaintheideal position through
each test.

The TVPS has seven sub-testswhich include Visual Discrimination, Visual
Memory, Visual Spatial-Relationships, Visua Form-Constancy, Visua Sequential-
Memory, Visual Figure-Ground and Visual Closure. Each sub-test has sixteen pages, the

first four of the sub-testshave5 different answer choicesfor each question and the last



threehave 4 different answer choices. The answer choices begin on theleft side of the
page with number 1 and end with number 5 on theright side of the page. Thefrequency

of position for each correct answer choicein asubtest can be seenin table 2.

Position of Correct Answer on Test Plate
1 2 3 4 5
Visual 25% 12.5% 12.5% 18.75% 31.25%
Discrimination
Visual 31.25% 18.75% 12.5% 18.75% 18.75%
Memory
Visual Spatial- | 12.5% 25% 18.75% 25% 18.75%
Relationships
Visual Form- | 12.5% 18.75% 18.75% 31.25% 18.75%
Constancy
Visual 25% 25% 25% 25%
Sequential-
Memory
Visual Figure- | 25% 18.75% 25% 31.25%
Ground
Visual Closure | 25% 18.75% 31.25% 25%

Table 2. Frequency of Correct Answer Position in Each Subtest (16 pages each) of the TVPS

All patientswould have also gone through a midline shift test because USI
patients can experiencea shift in their perception of ' straight ahead" as discussed
previously. For thistest the patient would have stood two metersfrom awall, wearing
red green glasses, and projected alaser beam onto agrid on thewall where they believed
midlineto be. The point a which patients subjectively identified as straight ahead would
have been measured and compared to objective straight ahead in both USI and non-USI
groups. Thedeviation from the true midlinewould have been measured and analyzed to

detect a shift in the patients' perception of midline.




Analysis

After test administration was completed, resultswould have been statistically
analyzed without previous knowledgeas to whether or not each patient had USI (we
would have been blind to which group the patient belonged to—brain injury with USI or
brain injury without USl —until after analysis had been completed). The hypothesiswas
that there would have been a significant differencebetween the test results of the TVPS
horizontal and the TVPSvertical for patientswith USl. We would have looked to seeif
USI patients made more mistakes on questions that had the correct answer choiceon the
contralateral sideto the brain lesion. These resultswould then be correlated with
performanceon the vertical version of thetest to account for the variableof general
difficulty for the patient. The difficulty could ssimply arise from lack of understanding of
thetest. We would have accounted for alearning effect by alternating presentationsfrom
horizontal to vertical and viceversaas previousy mentioned. We would have assessed
the sensitivity of the TV PSto detect USI by correlating the resultswith those on the Star
Cancellationtest, as well as with behavioral assessments made by health care providers.
We would have also analyzed how many of the patients showed a midline shift and how

thiscorrelated with our TVPSresults.

Challenges

The main problem encountered in this study was not having accessto any subjects
in timefor completion of this study. The study isacomplicated one involving the
coordination of many individualsto get it started. Therewere many different committees

that needed to approve the study before any subjects could be tested. Therewasthe



Pacific University IRB and the board from a Seattle area hospital. Although work on this
study began in the summer of 2004, there was not sufficient timeto deal with al the
political aspectssurrounding the study. We were unaware at the start of the project that
so many obstaclesin approval of thisstudy would arise. The surprisingthing isthat the
study did not requireany major invasion of subjects. It simply required administering
tests, often times part of their regular test battery, in amore controlled environment for
study purposes. Onething to learn from thisisto never underestimate thetimeit may
take for hospital committeesto approve projects. The key thing to remediateany of this
would beto allow moretimefor aproject of thisnature. It isalso important when
collaborating with many different people to keep the lines of communication open.
Never assume that somethingis being done, alwaystake thetimeto check it is being
done. Although it ishard to say whether anything could have sped up the process, we

believe persistenceand communication are always helpful.
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