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Abstract

Delaying assessment until emergence from post-traumatic amnesia increases completion rates, but this practice
causes variable time delays from the date of injury to testing, which can complicate the interpretation of research
findings. In the current study, the performance of 105 head injury survivors on simple tests of language
comprehension and attention was used to predict global outcome. It was hypothesized that 1 month performance on
these measures would aid in the prediction of Disability Rating Scale (DRS) and Glasgow Outcome Scale (GOS)
scores collected at 6 months post injury. Only raw scores on the modified Test of Complex Ideational Material
accounted for a significant amount of the variance in DRS scores (4.4%) above that accounted for by age,
education, Glasgow Coma Scale score, and pupil response. However, testability at 1 month post injury on all four
tests consistently accounted for a larger portion of the variance in DRS scores (10.1-13.2%) and significantly
improved prediction of GOS scores. Galveston Orientation and Amnesia Test scores collected at 1 month post injury
accounted for substantially less variance in DRS scores (7.7-8.4%). Neuropsychological data, including the
testability of patients, collected uniformly at 1 month following injury can contribute to the prediction of global
outcome. JINS 2004,10, 807-817.)
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INTRODUCTION (1994). Such assessments can be important for planning
Traditionall hological t of h dindividualized rehabilitation regimens and for the projec-

[raditionally, neuropsychological assessment of headg,, of outcome data for head-injured patients discharged
injured patients does not begin until the patient is out of,

post-traumatic amnesia (PTA) and has continuous memorgom hospital care before clearing PTA. There is, however,
i . ) need to demonstrate the efficacy of the ability of earl
for events (Boake et al., 2001). This resolution of PTA ca y y y

rltesting to predict later outcome. The present study repre-

oceuron the fﬁme day afs _thff\ ||r|uury or steveral m(;rr:ths _po§tents an analysis of the prognostic utility of several neuro-
injury, as in the case ot initially comatoseé or o er\_'v's_e_psychological tests used specifically for the purpose of testing
severely head-lnjlu.red patients. Patients w.ho lhave S'gm_f'head-injured patients during the early stages of recovery.
can_t memory deficits may_not reach the cr|te_r|a for termi- Proper exploration of the relationship between early test-
natlop of PTA on standar.dlzed test; before .d|scharge frc_)%g and global outcome requires consideration of several
gq_i\p!tal cargbl Early tes.ttlrr:g of paltleﬂts évh”.e tr:jey atlre 1nvariables. Ideally, a study examining this relationship would
. 'Strﬁ)otsf;] et evten W slet\(ertla y 'eal -|n!ruhr§ hpa 'En Stonsist of a large number of consecutively admitted or other-
glven ta ¢ o(leb ests are r:e a .'V(?[g S|m;: elé 'f’ tals 1%% ise unselected patients. Only in this way can a prognostic
emonstrated by researchers in the past (Ewertet al., dicator provide enough ecological validity to be general-

Eodor,hl(g?'vzl; Leng(chal., $988b; Meyezls ‘g‘ L:V'n' 199t2;|ized to the general clinical population. All neuropsycholog-
uesc oore, ) and more recently by Hannay e Alical tests must be relatively simple in terms of administration
procedures, processing demands, and response require-
_ , ments to make early testing possible for patients with a
Reprint requests to: H. Julia Hannay, Ph.D., Department of Psychol- . .. .
ogy, University of Houston, 4800 Calhoun, Houston, TX 77204-5022./ange of severities. Further, empirically validated measures

E-mail: jhannay@uh.edu of severity and outcome should be employed in an attempt
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to avoid ambiguity and facilitate replication. Perhaps mostport the hypothesis that early testing of even severely head-
important is that assessment takes place within small timénjured individuals is possible.
intervals around specified time periods post injury, and that The current study evaluated the prognostic utility of lan-
the inability of a patient to complete testing be systemati-guage comprehension and attention measures taken from a
cally examined as a meaningful point of data (Ruesch &small group of neuropsychological tests used for longitudi-
Moore, 1943). A systematic study of the relationship betweemal assessment beginning at 1 month following severe head
early testing and global outcome in a severely head-injurethjury (Hannay & Sherer, 1996). These measures were cho-
population has yet to be reported. Support for the ability ofsen, in part, because their relatively simple directions and
these patients to participate in testing during the early stagegsponse requirements would be most likely to produce
of recovery does exist but few, if any, studies meet the crifavorable completion rates in those recovering from very
teria outlined above. severe injuries. Directing early assessment efforts towards
Ruesch and Moore (1943) conducted one of the earlieshe measurement of simple language and attentional func-
attempts to assess the cognitive status of head-injured patieritsning seemed logical, since the integrity of these func-
during the early stages of recovery. Descriptive statisticgions is necessary for the successful completion of most
were provided on 190 consecutively admitted head-injureadtognitive measures. Furthermore, deficits in language and
patients detailing their neurological condition and how itattention are well documented in patients recovering from
related to their ability to complete testing within the first traumatic brain injuries. Individuals with traumatic brain
24 hr following injury. Patients in this study appeared toinjuries typically demonstrate language deficits in visual
represent a range of injury severity, although currentlynaming, word fluency, and auditory comprehension (Groher,
accepted indices of severity, such as the Glasgow Com&a977; Heilman et al., 1971; Hinchliffe et al., 1998; Levin
Scale (GCS; Teasdale & Jennett, 1974), were not availablet al., 1976, 1979a; Sarno, 1980, 1984; Sarno et al., 1986;
at the time of their study. Surprisingly, only 9% of the 70 Thomsen, 1975), as well as deficits in focused and divided
patients who were unable to complete testing failed to do sattention (Binder et al., 1997; Chan, 2000; Dikmen et al.,
because of reasons directly related to the head trauma, su@®83; Stuss et al., 1985).
as coma and confusion. The relative success of Ruesch andWe specifically hypothesized that measures of language
Moore (1943) in examining patients representing a range oénd attention collected at 1 month post injury would be
severity within the first 24 hr following head injury is prom- predictive of global outcome at 6 months post injury, as
ising. Undoubtedly, this success was largely attributable t@ssessed by the Disability Rating Scale (DRS; Rappaport
their choice of five measures representing a broad range dt al., 1982) and the Glasgow Outcome Scale (GOS; Jennett
functions, which would now be considered neuropsycho<& Bond, 1975), after taking into account previously estab-
logical in nature, that required only simple verbal responsedished predictors of outcome following head injury. It was
Since this pioneering effort, relatively little has been doneexpected that poorer performance on the neuropsychologi-
to study the validity and utility of neuropsychological test- cal measures at 1 month post injury would be predictive of
ing during the early stages of recovery following head injurypoorer global outcome at 6 months post injury.
(Ewert et al., 1989; Fodor, 1972; Meyers & Levin, 1992).
This paucity of research may stem from the commonly held
belief that neuropsychological testing during early recov-METHODS
ery from head injury, especially during PTA, is not possible
because of pervasive arousal and attentional problems iResearch Participants
the population (Stuss & Buckle, 1992). It has been common
practice in the United States not to test patients clinicallyPatients were drawn from an ongoing database of consecu-
until they achieve a score of 76 or more on the Galvestorive surviving brain-injured patients admitted to the Neuro-
Orientation and Amnesia Test (GOAT; Levin et al., 1979b)surgery Intensive Care Unit at Ben Taub General Hospital
and are thus fully oriented (Boake et al., 2001). Howeverjn Houston. Patients with severe traumatic brain injury had
Hannay et al. (1994) found that a high percentage of severelg Best Day 1 GCS of 3-8, an abnormal neurological eval-
head-injured patients with a GOAT score of 40 or moreuation, and typically abnormal CT findings. Moderate trau-
regain remote memory for information such as name andanatic brain injuries were associated with a Best Day 1 GCS
date of birth and are able to understand directions for comef 9-12. Complicated mild traumatic brain injury was asso-
pletion of easy tasks. Five of the seven neuropsychologicatiated with Best Day 1 GCS of 13—15 and abnormalities on
tests administered to these patients had completion raté3T scan. Best Day 1 GCS was uniformly defined as the
exceeding 70%. These tests included measures of visuaighest GCS score obtained during the first 24 hr post injury.
acuity, short-term memory, attention, and language compresCS scores were collected after admission to the hospital.
hension. The success of administering these tests to patieratients were at least 15 years of age. Those with a history
at 1 month post injury is undoubtedly attributable to theirof drug andor alcohol abuse were not excluded in an attempt
employing simple directions and response requirementso provide a more representative sample of the brain-
characteristics that are shared with those tests administer@gjured population. Patients were excluded if they had a
by Reusch and Moore (1943). These findings further suphistory or current diagnosis of the following conditions: a
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previous head injury that required medical attention, aNumber Search Test (ANS; Levin etal., 1988a), and a Visual
disorder of the central nervous system that affected cogniNumber Search Test (VNS; Levin et al., 1988a). During the
tive functioning; or a major psychiatric diagnosis. TheseANS task, patients are instructed to respond by raising a
individuals were not followed because their premorbid confinger after hearing either of two target numbers (i2s,
ditions could interfere with administration of the neuro- and5s) interspersed among 30 single-digit distractors. Prac-
psychological tests aridr interpretation of the results. At tice items are read by the examiner who corrects perfor-
the time this study was initiated, 6-month outcome datamance. The actual test items are then delivered by audio
which was necessary for the evaluation of the prognosti¢ape. The VNS task requires patients to identify two target
utility of one-month neuropsychological data, were avail-numbers (i.e.2s and5s) that are repeated among 96 other
able on 105 patients. The demographic characteristics afingle digit distracters. The 32 target stimuli are randomly
these 105 patients are included in Table 1. placed on a sheet of paper with the restriction that eight
appear in each of four quadrants that are not noticeable to
the patient. Patients are awarded 1 point for each target
Procedure number cancelled out with a pencil stroke. The MTT, VNS,
and ANS are experimental measures so low in difficulty
Included in a group of tests given at 1 month post injtiry that errors are rarely made by intact individuals, thus ren-
1 week were two tests of language comprehension and twgering invalid any reliability coefficients obtained through
tests of attention. Language comprehension was assessgfamination of normal individuals. The internal consis-
with eight yes—no questions from the Test of Complex Ide+tency of the full version of the test of CIM has been esti-
ational Material (CIM) from the Boston Diagnostic Apha- mated to be .89 (Goodglass & Kaplan, 1983).
sia Exam (Goodglass & Kaplan, 1983), and an 18 question Test completion codes detailing the success of test admin-
Mini Token Test (MTT; H.J. Hannay, personal communica-jstration and possible reasons for incomplete testing were
tion, 2001). The MTT requires the patient to perform arecorded for each test individually (see Table 2). Orienta-
simple set of actions on colored tokens (e.g., pointing) intion and amnesia were measured with the GOAT at 1 month
response to verbal commands administered by an examinq-;ost injury_ GOAT scores were used to provide a Compari-
The items had little memory load (e.g., put a circle on ason standard for interpretation of outcome prediction. Out-
square) unlike those of the standard token tests (De Renébme measures were collected at 6 months post |mﬂa’y
& Vignolo, 1962). Attention was assessed with an Auditory weeks. These measures included both the DRS and GOS.
The GOS has been criticized for being an insensitive mea-
sure of change during recovery from head trauma relative
to the DRS, which does not suffer from the restricted range
Table 1. Demographic and clinical characteristics of the sample of the GOS (Rappaport et al., 1982). This relative sensitiv-
(n=105) ity to change makes the DRS more attractive for complex
statistical modeling, such as associating rate of change on

Characteristic N (%) M SD Range  ihis measure with significant others’ perception of cogni-
Sex tive, affective, and physical recovery following brain injury
Female 13 (12.4) (McCauley et al., 2001). Data collection and scoring were
Male 92 (87.6) all quality controlled by the second author (H.J.H.) and her
Race staff after administration.
White 44 (41.9)
Hispanic 38 (36.2)
Black 20 (19.0) .
Asian/P! 3 (2.9) Statistical Analyses
Age 31.5 12.7 15-72 . | . h lati
Education 10.8 3.4 0—po Regression analyses were used to dete_:rmlne the relation
Best Day 1 GCS 105 (100) 10.3 34 3-15 between performance on neuropsychological tests at 1 month
a]-month GOAT post injury and outcome measures collected at 6 months
Complete sample 105 (100) 64.1 37.1 —8-100 post injury (SPSS, 1999). Linear regression analyses were
Complicated mild 33(31.4) 92.8 8.1 64-100 used to determine the relationship between performance on
Moderate 27 (25.7) 69.1 33.2 —8-99 individual tests and the DRS outcome measure. GOS scores
Severe 45(42.9) 401 36,5 —8-100 were dichotomized since this procedure frequently pro-
6-month DRS 105 (100) ~ 2.97 420  0-30 (yces the best prediction of outcome (Clifton et al., 2001;
6"20”;“ GOS 48 (45.7 Goodman et al., 1995; Koura et al., 1988). Good recovery
ood recovery (45.7) and moderate disability were considered favorable out-
Moderate disability 43 (41) . . . .
o comes, while severe disability, vegetative state, and death
Severe disability 13 (12.4) . . .
Death 1 Q@ were considered poor outcomes. Logistic regression analy-
ses were used to determine the relationship between perfor-
a1-month GOAT scores for those with varying severities of injury. mance on individual tests and the dichotomized GOS scores.
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Table 2. Description of test completion codes and the distribution of patients within each code by test

Number of patientsN = 105)

Code Description ANS VNS CIM MTT
0 This test was completely administered. 72 80 89 85
1 Patient with acute confusional state, unable to follow commands, 5 6 6 8

or unable to arouse. This applies to any situation where the testing
is not fully administered due to level of arousal problems that are
not due to specific medical complications.

2 Patient with medical complications. This includes situations such 5 4 3 3
as high fever, respiratory problems, vomiting, etc.

3 Patient refused testing or not responsive (not due to 1 or 2). 10 10 5 7
If patient refuses all or any part of the testing, code it here.

4 Other (e.g., examiner not available, testing materials not 13 5 2 2

available in Spanish, etc.).

Note In the current study, only patients with codes of 1-3 were considered untestable for reasons directly attributable to the patient,
and thus were considered as untestable for the purposes of the dichotomous test completion variablaudt8y Number Search

Test (Levin et al., 1988a); VNS Visual Number Search Test (Levin et al., 1988a); CHVITest of Complex Ideational Material
(Goodglass & Kaplan, 1983); MTF Mini Token Test (H.J. Hannay, personal communication, 2001).

Four covariates were chosen based on established predRESULTS
tive validity for outcome following head injury (Dikmen
etal., 1994; Levin etal., 1990; Mamelak et al., 1996; Zafontepediction of 6-Month DRS Scores
et a_ll., 1997). D_emogr_aphlc covariates mcluded age and edlf:rom 1-Month Test Scores
cation at the time of injury. Acute care covariates included
Best Day 1 GCS and pupil response immediately followingMultiple linear regression was used to explore the relation
injury. Best Day 1 GCS was chosen since post-resuscitatiobetween performance on neuropsychological tests at 1 month
GCS scores are more likely to be confounded by other varipost injury and DRS scores at 6 months post injury. Natural
ables such as the presence of alcohol or sedatives, andg transformations were performed on DRS scores to pro-
because of its relation to outcome following head injuryduce model residuals that were normally distributed. An
(Cifu et al., 1997). For the current study, pupil responseRé,angeapproach was utilized so that the variance attribut-
was calculated as the presence or absence of at least oable to demographic and clinical characteristics could be
fixed and unresponsive pupil. These four covariates wereemoved from the outcome variable before entering each
entered into the linear and logistic models as a block prioneuropsychological test variable. This analysis was repeated
to addition of the individual neuropsychological test vari- for each of the four neuropsychological tests administered
ables to assess the utility of early neuropsychological testat 1 month post injury. Models containing two or more of
ing in the prediction of outcome above and beyond the levethe four tests could not be constructed due to problems of
of prediction attainable with demographic and acute carenulticollinearity and because of differential completion rates
information. Because individual patients were sometimesamong the tests. Thus, the number of patients in each model
unable to complete all four of the neuropsychological testsyaried slightly since the administration of each test was
separate restricted models were constructed that includesttempted independently of each patient’s ability to com-
only those patients who were able to complete the neuroplete other tests.
psychological test being added to the model. In general, tests of the restricted models revealed that

Separate models were constructed including the four aforeeach was significant and accounted for 13.5% to 21.5% of
mentioned covariates and GOAT scores to provide a comthe variance in the outcome measure (Figure 1). The effec-
parison standard for prediction of global outcome, as thdiveness of individual covariates in predicting outcome scores
GOAT has repeatedly been shown to account for variancevas evaluated with tests of individual beta weights (not
in global outcome (Ellenberg et al., 1996; Katz & Alexan- shown). In the four restricted models, beta weights for the
der, 1994; Zafonte et al., 1997). Ideally, GOAT scores wouldBest Day 1 GCS scores were all significaps(< .05) and
have been included as covariates in order to directly asses®nsistently the highest of the covariates, indicating that
the ability of neuropsychological test data to account forthe Best Day 1 GCS score contributed more than the other
outcome variance above that accounted for GOAT scorexovariates to the prediction of 6-month DRS status. The
However, the inclusion of neuropsychological test data ananly other variable to attain significance was pupil response
GOAT scores in the same models was not possible due top < .05), and this occurred only in the restricted model for
multicollinearity between these two variables. the MTT.
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Covariates
13.5%

ANS score
3.7%

Auditory Number
Search scores

a

Unexplained
82.8%

Covariates

16.3%
Visual Number 6.3%

Search scores

4

VNS score
Unexplained 0.1%
83.6%
Covariates
Complex |deational 20.3%
Material scores
CIM score
) 4.4%
Unexplained
75.3%
Covariates
Mini Token Test 21.5%
scores
MTT score
. 1.1%
Unexplained
T7.4%

811

Restricted model (n = 72)
F(4,67) =2.62, p < .05

52 {chanoe)
F(1,66)=2.93,p < .10

Full model
F(5.66) = 2.74, p < .03

Restricted model {n = 80)
F(4,75) = 3.65, p < .01

B? (change)
F(1,74) =0.10, p < .80

Full model
F(5,74) = 2.90, p < .02

Restricted model (n = 89)
F(4,84) =5.35, p < .005

B? change)
F(1,83) = 4.82, p < .04

Full model
F(5,83) = 5.44, p < .001

Restricted model {n = 86)
F(4,81) = 5.54, p < .005

Bz (change)
F(1,80) = 1.16, p < .30

Full model
F(5,80) = 4.67, p < .005

Fig. 1. Percentage of variance in 6-month DRS scores accounted for by covariates and individual neuropsychological
test scores. Restricted models included the covariates of age, education, Best Day 1 GCS, and pupil response. Full
models included all four covariates and 1-month neuropsychological test sBarggewas used to assess the utility

of adding neuropsychological test scores to the restricted models that contained known predictors of outcome follow-
ing head trauma.

Only for CIM scores did thé%hangestatistics account for restricted to the full models, indicating that the Best Day 1
a significant amount of the variance within the outcomeGCS score and neuropsychological test scores were not
measure after removal of variance attributable to the covarientirely independent. Bivariate correlations confirmed that
ates (Figure 1). The addition of the CIM score to its restrictedSCS and test scores were significantly relatpd € .01),
model increased the amount of variance accounted for imwith correlations ranging from .281 with MTT scores to
DRS scores from 20.3% to 24.7%. Addition of the VNS .355 with CIM scores. These correlations suggest that addi-
score did the least to improve on its restricted modeltion of neuropsychological test scores to the restricted
accounting only for an additional 0.1% of variance in DRSmodels resulted in an attenuation of the strength off the
scores. Incidentally, the beta weights associated with theelationship between the GCS scores and the outcome mea-
Best Day 1 GCS score decreased considerably from thsures, as represented by reductions in beta weights from
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restricted to full models. Substituting GOAT scores for eachpatients (Table 2). Completion codes for each individual
of the raw test scores in the four models resulted in nonsigtest were used to dichotomize the sample into those who
nificant Rﬁhangestatistics. completed testing, and those who could not complete test-
ing for reasons directly attributable for the patient (i.e., con-
o fusional state, medical complications, or unresponsiveness).
Prediction of 6-Month GOS Scores Those who were unable to complete testing for other rea-
From 1-Month Test Scores sons (e.g., patient not available, examiner not available,

. . : - etc.) were removed from the analyses, as these reasons did
Logistic regression was used to explore the relationship

) {hOt reflect medically or neuropsychologically meaningful
between performance on neuropsychological tests at 1 month < for beina unable to complete testin
post injury and GOS scores at 6 months post injury. The 9 P 9.
extremely small number of patlen.ts N the_ severe d|s-ab|l|ty redictor of global outcome, rather than actual test scores.
group precluded the use of analytic techniques allowing fo

i . . he dichotomized test completion variables could not be
a categorical outcome variable with greater than two groups . )
. X L . . -~ Jhcluded in the same models that contained raw test scores
such as multinomial logistic regression. Given the limited

variability of this sample of long-term survivors on GOS due to lack of independence between these two variables.

: . . . Test completion status on ANS for 5 patients could not be
scores, this outcome measure was dichotomized into tw

groups of patients, those with moderate disability and thos§eterm|ned because the testing material was not available

: ) : e fn Spanish. As expected, the use of completion status as a
with good recovery values. Patients with a classification o . . . .
predictor of outcome effectively increased sample size rel-

severe disability on the GOS were removed from the sam: .. . .
L . . ative to the analyses using raw test scores (Figures 1 and 2).
ple, resulting in a loss of 2 to 5 patients, depending on the
neuropsychological test being analyzed. As with the multi-
ple linear regression analyses, the demographic and clinic@yediction of 6-Month DRS Scores Erom
covariates were entered as a block prior to the inclusion the 1-Month Test Completion Variable
each neuropsychological test score in the model. The chi-
square statistic was used to evaluate the improvement iRour linear regressions were used to determine the ability
each model’s predictive utility after addition of the four of the test completion status on the four neuropsychological
covariates, and again after addition of each neuropsychdests to predict 6-month DRS scores. This set of analyses
logical test score. The usefulness of individual variablesdid not otherwise differ from the previous set of analyses
including neuropsychological test scores, for prediction ofconcerning prediction of DRS scores. Regarding the pre-
GOS status was assessed with tests of individual coeffidiction of DRS scores, the covariates alone accounted for
cients and their associated odds ratios. 27.1% to 28.2% of the variance in the outcome measure
Nonsignificant chi-square values indicated that all(Figure 2). Tests of individual beta weights within the
restricted and full models failed to improve prediction of restricted model revealed that Best Day 1 GCS, pupil
6-month GOS status. Given the lack of significance foundresponse, and age accounted for a significant amount of the
during model testing, statistical tests associated with indivariance in the outcome measus(< .05), with Best Day
vidual predictors were not examined. As with prediction of1 GCS consistently having the highest beta weight. Addi-
DRS outcome, substituting GOAT scores for raw test scoretion of the test completion variable accounted for an addi-
failed to improve prediction of GOS outcome. tional 10.1% to 13.2% of the variance in the outcome measure
with completion status on VNS accounting for the most
variance, followed by ANS, CIM, and MTT (Figure 2).
Development of the Test Substituting GOAT scores for the four test completion vari-
Completion Variable ables explained 7.7% to 8.4% of the variance above that
The previously reviewed analyses of the relation betweer CgofuﬂtEd gorl by the covarlate_p§< -05 for all restricted
acute neuropsychological test scores and 6-month outconfa @ ' MOCELS, aNdReangestatistics).
measures failed to take into account data from those patients
who were unable to complete testing at 1 month post injuryprediction of 6-Month GOS Scores From
but who still had valid global outcome measures at 6 month§he 1-Month Test Completion Variable
postinjury. It was possible that this method of sample selec-
tion restricted ranges on the global outcome measures:our logistic regressions were performed with 6-month GOS
Indeed, only 5 patients in the above sample had worse oustatus as the outcome measure. The addition of patients
comes than the moderately disabled category on the GO®ho were unable to complete testing at 1 month post injury
(the second most favorable of five total categories). Analysesulted in a distribution of GOS scores that allowed for a
ses were performed to evaluate the effectiveness of informore traditional dichotomization of this outcome variable.
mation regarding patients’ abilities to complete testing, ratherhose patients scoring in the top two levels (moderate dis-
than raw test scores, for prediction of global outcome. Comability and good recovery) represented one of the dichoto-
pletion codes were documented for each test for all 10%nous categories in the analyses including test completion

The dichotomized test completion variable served as the
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12.9%
Covariates
28.2%
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Material test

completion

Unexplained CiM
60.9% completion
10.9%

Mini Token Test
test completion

Covariates
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completion

Unexplained
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Restricted model (n = 92)
F(4,87) = 8.08, p < .001

EE {changs)
F(1,86) = 19.02, p < .001

Full model
F(5,86) = 11.60, p < .001

Restricted model (n = 100)
F{4,95) = 9.15, p < .001

Bz change)
F(1,94) = 20.54, p < .001

Full model
F(5,94) = 12.94, p < .001

Restricted model (n = 103)
F(4,98) = 9.60, p < .001

BE (chanme)
F(1,97) = 17.28, p < .001

Full model
F{5,97) = 12.42, p < .001

Restricted model (n = 103)
F(4,98) = 9.60, p < .001

52 change)
F(1,97) = 15.93, p < .001

Full model
F(5,97) = 12.04, p < .001

10.1%

Fig. 2. Percentage of variance in 6-month DRS scores accounted for by covariates and test completion information.
Restricted models included the covariates of age, education, Best Day 1 GCS, and pupil response. Full models included
all four covariates and 1-month test completion informatiﬁé‘angewas used to assess the utility of adding the
neuropsychological test completion status (complete or incomplete) variable to the restricted models that contained
known predictors of outcome following head trauma.

variables, whereas these two GOS levels separately repreestricted model including the four covariates significantly
sented both dichotomized categories in the analyses includrcreased accuracy of outcome prediction on the GOS at 6
ing raw neuropsychological test scores. In order to facilitatanonths post injury. Odds ratios revealed that only age and
comparison between results of the linear and logistic regresBest Day 1 GCS score significantly increased the accuracy
sion analysesR? statistics were calculated for the logistic of outcome prediction in both restricted and full models
regression models by squaring the bivariate correlation§ps < .05). Addition of the test completion variable for
between observed group scores and predicted group scoreach of the four neuropsychological tests produced signif-
(Tabachnick & Fidell, 2001). icant increases in accuracy of outcome prediction. Signifi-
The four logistic regression analyses yielded results simeant odds ratios fs < .005) associated with the test
ilar to those found with linear regression (see Table 3). Th&ompletion variables indicated that the ability to complete
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Table 3. Logistic regression analyses for prediction of GOS outcome scores from 1-month neuropsychological test
completion variables

Model n °R? dI:\%hange X%hange sznodel
Auditory Number Search 92
aCovariates .296 .296 x2(4) = 25.79** x2(4) = 25.79**
bAuditory Number Search 491 .195 x2(1) = 12.54** x?(5) = 38.32**
Visual Number Search 100
aCovariates .300 .300 x2(4) = 28.66** x2(4) = 28.66**
bVisual Number Search 513 213 x2(1) = 13.97* x2(5) = 42.63**
Complex Ideational Material 103
aCovariates 274 274 x2(4) = 27.36** x2(4) = 27.36**
bComplex Ideational Material 489 .215 x2(1) =10.95* x2(5) = 38.31**
Mini Token Test 103
aCovariates 274 274 ¥2(4) = 27.36%* Y2(4) = 27.36%*
bMini Token Test 473 199 x2(1) =10.11* Y2(5) = 37.48*

aCovariate models included information regarding age, education, Best Day 1 GCS, and pupil reé¥pdhsmdels were formed by

adding the indicated neuropsychological test completion variable to the previously listed covariateRbudels calculated as the

squared bivariate correlation between observed group scores and the predicted group scores, as recommended by Tabachnick and
Fidell (2001).R2nangewas calculated by subtractimfusyicteafrom Ré.

*p < .005. **p < .001.

testing (relative to the inability to complete testing) at 1 hension administered at 1 month post injury in a sample of
month post injury increased the odds of a favorable GOSnildly to severely head-injured patients. Neuropsycholog-
outcome at 6 months post injury by a factor or 28.2 forical data were used to predict measures of global outcome
VNS, 26.7 for ANS, 17.1 for CIM, and 12.9 for MTT (see at 6 months post injury. The effects of several known pre-
Table 3). Approximations oR? statistics for these logistic dictors of outcome following head injury were statistically
regression models were comparable to the linear regressiarontrolled to confirm or deny the possibility that neuropsy-
models presented in Figure 2, ranging from 19.5% for thechological test scores would increase the accuracy of out-
addition of ANS test completion variables to 21.5% for thecome prediction above the level of prediction already
addition of CIM test completion variables. Substituting attainable through analyses of clinical and demographic
GOAT scores for the four test completion variables resultednformation. Due to varying completion rates for each of
in significant improvement in prediction over the restrictedthe four neuropsychological tests, four separate restricted
models (s < .05 for all restricted and full models, and models were constructed, each one including only those
Rﬁhangestatistics), but consistently accounted for less vari-patients with valid raw scores for each test in question.
ance than test completion scores, Wi,,nqe Statistics ~ Each restricted model contained information regarding age,

ranging only from 7.6% to 11.3%. education, Best Day 1 GCS, and pupil response. The four
restricted models associated with the four neuropsycholog-
DISCUSSION ical tests proved to be statistically viable for the prediction

of 6-month DRS status, accounting for approximately 13.5%

In cases of closed-head injury, complicating factors such at 21.5% of the variance in the outcome measure. With
confusion, agitation, and immobility often preclude the useregards to individual covariates, the Best Day 1 GCS scores
of neuropsychological testing for several months to 1 yearcontributed most to the prediction of outcome, with the
Even relatively small neuropsychological batteries yield onlyother covariates generally failing to attain significance. This
52% completion rates when administered to severely headinding was inconsistent with an abundance of literature
injured patients at 6 months post injury (Scheibel et al.that suggests age is robustly related to outcome in head-
1998). Unfortunately, many severely head-injured patient$njured populations (Fearnside et al., 1993; Gomez et al.,
are discharged before a formal neuropsychological asses2000; Mamelak et al., 1996; Signorini et al., 1999; Zafonte
ment can be conducted, leaving clinicians unable to utilizeet al., 1997). Of course, the tests used in the current study
neuropsychological data to better predict eventual globalvere so simple that age might not be related to perfor-
outcome. The simplicity of the brief neuropsychological mance, only severity of injury.
tests being examined in this study could allow for a more Only the addition of CIM scores collected at 1 month
accurate approximation of the global outcome of headpost injury to the restricted models significantly increased
injured patients before they are discharged from medicalhe amount of variance accounted for in the DRS outcome
settings. scores. Given these results, further application of raw scores

This study examined the prognostic validity of four brief on the VNS, ANS, and MTT for prediction of outcome is
neuropsychological tests of attention and language compreaxot warranted at this time. The increased utility of CIM
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performance over the other neuropsychological tests likelyand ultimately prediction of outcome. Further analyses were
resulted from several related factors. CIM has few instruc-conducted in order to test the hypothesis that ability to com-
tions, individual questions require only a simple yes—noplete testing, as opposed to the raw test scores themselves,
verbal response, and total administration time is relativelywould contribute significantly to global outcome predic-
short. This allows for more severely impaired patients totion. This procedure increased sample size and variability
complete this task, as reflected in the higher number ofnh the outcome measures by allowing for the inclusion of
patients in PTA completing this test relative to the threepatients who were unable to complete testing at 1 month
other tests. Inclusion of the more severely impaired patientpost injury, but who still had their global outcome assessed
increased sample size and increased variability across subt 6 months post injury. As with the previous analyses involv-
jects. This was apparent in the distribution of CIM scores,ing raw test scores, each of the four restricted models
which more closely approximated a normal distribution thanaccounted for a significant portion of the DRS scores, rang-
other test score distributions. Prominent ceiling effects oring from 27.1% to 28.2%. With regard to individual covari-
the other three tests resulted in diminished ability to dis-ates, age, education, and Best Day 1 GCS all contributed
criminate between patients. Although promising, there issignificantly to the prediction of six-month DRS scores.
still considerable room for improvement in the prediction The addition of test completion variables to the restricted
of DRS scores given the rather modest effect size associmodels accounted for a significant amount of the variance
ated with the CIM testl’@%hangf 4.4%). An effect size of in the DRS outcome measure above that accounted for
this magnitude may have limited practical importance (Max-by the four covariatesR%,,nqcStatistics associated with the
well & Delaney, 2000), although it might be argued that addition of the test completion variables ranged from 10.1%
few variables will have relatively large effect sizes in rela-to 13.2%, resulting in full models for each test that accounted
tion to something as complex as outcome from closed-heafbr 38.3% to 40.8% of the variance in the DRS outcome
injury. Despite the success of CIM scores in improving pre-measure. Similarly, the test completion variables signifi-
diction of DRS scores, raw scores on all four neuropsychoeantly improved prediction of dichotomized GOS scores.
logical tests failed to improve prediction of dichotomized These findings add to a growing literature that suggests
GOS scores, again suggesting the limited utility of usingthe testability of patients, rather than their raw test scores,
raw test scores alone. during early recovery can significantly contribute to the
Statistical limitations related to sample size and powerprediction of outcome measures (Boake et al., 2001; Dik-
may have resulted in reduced ability to detect significantmen et al., 1994). In addition, the capacity to undergo test-
change in prediction of outcome related to the addition ofing at 1 year post injury is related to several indices of
neuropsychological test variables to their respective restrictethjury severity, such as GCS score, duration of coma, pupil-
models. For examplézghangestatistics associated with addi- lary reactivity, and the presence of intracranial lesions with
tion of the ANS variable (3.7%) and the CIM variable (4.4%) mass effect (Levin et al., 1990). When developing models
appear similar, although only the addition of the CIM vari- to predict the long-term outcome of head injured individu-
able proved to significantly increase outcome predictionals, it is critically necessary to include information from
Power analyses were conducted to explore the possibilitthose patients who could not complete testing due to con-
that varying sample sizes may have altered the power ttinuing medical complications. Excluding this subset of the
detect significant effects related to the addition of neuropopulation may lead to a bias in the data (i.e., an underesti-
psychological test variables to the restricted models (Borenmation of the degree and rate of less favorable long-term
stein & Cohen, 1988). There was 68% power to detect amutcome in more severely head-injured patients). This prob-
RZhangeOf 5.0% in the CIM analysis, and only 54% power lem was apparent in the current study, in which only 5
to detect this level 0RZy.ngein the analysis of ANS data. patients who had valid scores on neuropsychological tests
Larger sample size (89 in the CIM analysis. 72 in the  administered at 1 month post injury had GOS scores below
ANS analysis) and better fit of covariates (20.3% variancehe second most favorable category (moderately disabled)
accounted for in the CIM restricted moded. 13.5% vari-  at 6 months post injury. Thus, including only those patients
ance accounted for by the ANS restricted model) resulted invho were able to complete testing created a selection bias
more power to detect the effect associated with addition ofn favor of those patients with more positive outcomes. Selec-
the CIM variable relative to the ANS variable. Thus, the tion biases similar to these are important factors to consider
current study did not provide adequate power to detect thevhen conducting forensic work, as a review of the current
small to moderate effect sizes associated with the additioliterature might lead litigation teams to overestimate the
of some neuropsychological test scores to models predictikely outcome of more severely injured clients. Examining
ing global outcome. the test completion variable rather than the raw test scores
The conclusions drawn above resulted from analyseproduced models with higher predictive utilities (Figures 1
including only those patients who were able to completeand 2). The fact that both covariates and neuropsychologi-
testing at 1 month post injury. However, Ruesch and Moorecal measures were more predictive of outcome in the mod-
(1943) noted in their study of acute testing in a head-els including test completion variables should not be
injured sample that ability to complete testing might itself surprising, since these analyses led to an increase in the
provide meaningful information about the severity of injury, number of patients in each model and, more importantly,
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