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Neuropsychological test performances of 102 consecutive head-injured patients
were evaluated at 1 mo and 1 yr after injury. The results of the study indicated that
both coma length and the presence of focal abnormalities on computed tomography
(CT) scans contribute independently to neuropsychological outcome. The effects of
coma length are stronger than the effects of focal abnormalities evident on CT scans
and continue to exert a stronger influence on neuropsychological outcome over the
year postinjury. These results suggest that the extent of diffuse pathology may be a
more important determinant of long-term behavioral outcome than the presence of
focal lesions.
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Previous studies of head-injured patients have
indicated that head injury severity is associated
with the extent, course, and rate of neuropsycho-
logical recovery.'-* The majority of studies that
have assessed the relationship between head injury
severity and outcome have used the degree of im-
paired consciousness as the measure of severity
(e.g., length of coma, post-traumatic amnesia (PTA)
or initial Glasgow Coma Score (GCS)), most com-
monly depth of coma.> ¢ For the most part, these
studies indicate that deeper and longer coma is
associated with poorer general outcome” as well as
more severe short- and long-term deficits in atten-
tion, memory and problem solving.!-

Another measure of head injury severity that has
been associated with neuropsychological outcome
is the presence of mass lesions.”- - 10 Studies have
indicated that mortality and morbidity after trau-
matic head injury have varied as a function of the
type of lesion (e.g., contusion, subdural hematoma,
epidural hematoma, etc.) and the depth of lesion. In
general, intracerebral hematomas have been associ-
ated with poorer intellectual functioning and gen-
eral outcome than other types of mass lesions (e.g.,
extradural hematomas).?- 1! In addition, other stud-
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ies have indicated that deeper lesions are associ-
ated with poorer outcome than more superficial
lesions.

Although many studies have found a significant
relationship between a number of head injury se-
verity measures and subsequent neuropsychologi-
cal functioning, very few studies have assessed how
different indices of severity interact and relate to
neuropsychological outcome. For instance, both
longer coma and the presence of mass lesions have
been associated with poorer outcome. However,
little attempt has been made to assess whether in-
dividuals with similar length of coma experience
a similar clinical outcome despite different types
of lesions. 7- 9

An exception is the work of Gennarelli and col-
leagues.” The results of their study indicated that
coma severity and type of lesion contributed inde-
pendently to mortality and morbidity (i.e., Glasgow
Outcome Scale (GOS) ratings). For instance, al-
though mortality rates were higher for individuals
with deeper coma, the rates varied greatly accord-
ing to the nature of the lesion found among patients
with the same depth of coma. Also, mortality rates
were highest for individuals with subdural hema-
tomas regardless of their depth of coma. Similarly,
ratings of morbidity varied by depth of coma and
type of lesion. Although Gennarelli et al.’s study
indicated that both severity indices were related to
global outcome, the contribution of these severity
measures to more specific aspects of long-term neu-
ropsychological functioning (e.g., memory, atten-
tion, problem solving) in head injury survivors has
not been addressed.

In a more recent study, Williams et al.!> evaluated
the effects of focal lesions on the outcome of indi-
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viduals with otherwise mild head injuries (GCS,
13-15). The results of their study indicated that
early neuropsychological outcome (i.e., soon after
the resolution of PTA) of individuals with mild
head injuries complicated by intracranial lesions
was more similar to the outcome of moderately
injured subjects than mildly injured subjects with
no associated lesions. In addition, as with moder-
ately injured subjects, subjects with complicated
mild head injuries were more likely to experience
persisting disabilities 6 mo after the injury (i.e., on
GOS ratings) than those with uncomplicated mild
head injuries. The results of the Williams et al.
study support the need to jointly consider coma
severity and the presence of focal lesions in evalu-
ating the relationship between head injury severity
and long-term outcome for individuals with a wide
range of head injury severity.

The purpose of this study was to assess the im-
pact of two different measures of neurologic sever-
ity on neuropsychological outcome in head injury
survivors over a 1-yr period. The indices of severity
used in this study were coma length and focal ab-
normalities as indicated on CT. More specifically,
the goals were to evaluate how each severity mea-
sure was related to cognitive functioning as well as
to assess the extent to which these severity variables
interacted in relation to neuropsychological out-
come. It was hypothesized that the two indices of
severity would be interrelated but also would
provide independent contributions to neuropsy-
chological outcome.

METHOD
Subjects

The subjects included in this study were patients
admitted to Harborview Medical Center, a level 1
trauma center, for acute head injuries. The 102 sub-
jects constituting the sample of this study represent
consecutive patients who were admitted over a
17-mo period and who met the following criteria:
(1) loss of consciousness for any length of time, the
presence of PTA for at least 1 hr or evidence of
cerebral trauma (e.g., positive neurologic signs, he-
matoma) even if loss of consciousness or PTA was
not present; (2) head injury serious enough to re-
quire hospitalization; (3) survival for at least 1 mo;
(4) residence that would allow availability for 1-
and 12-mo follow-ups; (5) no history of previous
significant head injury, alcoholism, cerebral disease,
mental retardation or psychiatric disorder (e.g.,
schizophrenia, manic-depressive illness, etc.); (6)
age range between 15 and 60 yr at the time of injury;
(7) English-speaking; (8) willingness to participate
in the study. Subjects were examined at 1 and 12
months postinjury. Neuropsychological outcome 1
mo postinjury on these subjects and a friend control
group has been reported elsewhere.?
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The group consisted of a broad spectrum of head
injury severity, with mild and moderate cases con-
stituting the majority of the group. The GCS soon
after the injury was 3-8 in 29 cases, 9-11 in 13 cases,
and 12+ in 60 cases. Thirteen subjects were neuro-
logically too impaired (e.g., in coma) to be tested at
1 mo. Two subjects were untestable at 1 yr.

Measures
Neurologic Severity Measures

Time from injury to consistently following simple
commands was used as an index of length of coma.
The operational definition of following commands
is the same as that specified in the motor response
category of the GCS.14

CT findings were also used as a measure of neu-
rologic severity. CT scans performed within 1 wk
postinjury were selected for review. If more than
one CT was performed during that week, the one
indicating the most serious finding was used. Al-
though CT scans were not formally done as a part of
the study, they were performed on 70 of the subjects
in this study as a part of their clinical assessment.
On the basis of their CT findings, individuals were
placed into two categories, focal abnormalities and
nonfocal. The following lesions were specified as
focal: cerebral contusions, intracranial hematomas
including intracerebral, subdural, epidural and in-
traventricular. Those who had CT abnormalities,
other than those specified above as focal, those with
normal CTs or those on whom no CTs were per-
formed were placed in the nonfocal group. Contu-
sions were often low-density lesions with small,
scattered hemorrhages and were determined by
consecutive scans, in most cases. Coalesced hemor-
rhages with edema were considered intracerebral
hematomas. The presence of layered intraventricu-
lar blood was not considered hematoma. Only high-
density lesions that formed a cast of the ventricular
system were considered intraventricular hemato-
mas. Subdural and epidural hematomas were clas-
sified by standard radiologic criteria. Individuals
with focal lesions on CT were included in a single
group because of the small number of cases in each
lesion category.

Neuropsychological Measures

An expanded Halstead-Reitan Neuropsychologi-
cal test battery was used to evaluate patients at 1
and 12 mo postinjury. Only certain measures were
analyzed for the purposes of the present study. The
measures used in the present study were: Wechsler
Adult Intelligence Scale (WAIS), Verbal (VIQ) and
Performance (PIQ) intelligence quotient scores!S;
the Selective Reminding Test, the sum of the recall
score and the sum of consistent long-term recalllé;
the Trail Making Test, number of seconds to com-
plete; the Stroop Test (parts 1 and 2)17; the Category
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Test, number of errors; Tactual Performance Test,
time per block (TPT-T); the Impairment Index (II).18
The measures were chosen to assess general intel-
lectual functioning (WAIS-VIQ, PIQ), attention,
flexibility and quickness (Trail Making Test,
Stroop), memory and learning (Selective Remind-
ing Test), motor and psychomotor functioning
(TPT-T) and reasoning (Category Test). In addition,
the impairment index is a composite score that re-
flects the number of Halstead-Reitan tests that are
in the impaired range. The abilities assessed by
these measures range from relatively simple to
quite complex. These measures have been used ex-
tensively in previous research, including in the area
of traumatic head injury. Tests scores were con-
verted into ranks for data analysis (see “Data Anal-
ysis Section” for additional information on this pro-
cedure).

Data Analysis

The data were analyzed to answer the following
questions. (1) What are the effects of coma length on
neuropsychological functioning before and after
controlling for the effects of focal abnormalities ev-
ident on CT scans? (2) What are the effects of focal
abnormalities evident on CT scans on neuropsycho-
logical functioning before and after controlling for
the effects of coma length? (3) Is there evidence to
suggest differential impact of focal abnormalities on
CT scans as a function of coma length?

To address the relationship between head injury
severity and neuropsychological functioning, two
sets of hierarchical analyses of variance were per-
formed, using coma length (=24 hr v >24 hr) and
focal CT abnormalities (negative v positive) as the
independent variables and neuropsychological test
performance as the dependent variables. Raw
scores on the neuropsychological measures were
transformed into ranks for two reasons. First, by
using ranked data, individuals that were neurolog-
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ically too impaired to be tested could be included in
the analyses as receiving the poorest score. Al-
though test scores could not be obtained for untest-
able patients, we were confident that they would
have performed worse than any of the individu-
als that were tested. Second, ranking the data
eliminated skewness in the distribution of scores.

The effect of coma length was assessed by enter-
ing coma length into the analysis after the effect of
the focal CT abnormalities factor was partialled out.
Corresponding analyses were performed evaluat-
ing focal CT abnormalities. The question of the dif-
ferential impact of focal CT abnormalities as a func-
tion of coma length was evaluated by examining the
significance of the interaction terms in the analyses.

RESULTS

The demographic features and injury character-
istics of the four groups formed on the basis of coma
length (=24 hr and >24 hr) and presence of focal
abnormalities evident on CT (focal abnormalities
and no focal abnormalities) are presented in Table
1. In summary, a majority of the subjects were men
in their early to mid-twenties with a high school
education. Within the two coma length categories,
no significant differences existed between the
length of time required to follow commands for
individuals with focal » nonfocal abnormalities on
CT.

Table 2 presents the median scores for the neu-
ropsychological measures at 1 mo postinjury for the
four groups formed on the basis of coma length
(=24 hr and >24 hr) and the presence of focal CT
abnormalities (focal abnormalities and no focal ab-
normalities). Medians are presented in this summa-
rization of data in order that neither outliers nor the
particular score assigned to the untestable patients
would bias the scores. However, mean ranks were
used in the data analysis. This table also shows the
results of the 2-factor hierarchical analysis of vari-

TABLE 1
Demographic and injury characteristics
Coma = 24 hr Coma > 24 hr
No focal Focal No focal Focal
abnormalities abnormalities abnormalities abnormalities
n = 55 n=18 n=18 n=11
Demographics
Age M (SD) 27.33 (9.78) 25.84 (7.13) 22.25(5.72) 27.46 (7.39)
Education M (SD) 12.18 (2.33) 12.17 (2.09) 10.88 (1.89) 12.73 (1.74)
Gender n (%) Male 35 (64) 13 (72) : 15 (83) 8 (73)
Glasgow Coma Scale M (SD) 13.12 (2.75) 12.85 (1.43) 8.61 (2.92) 7.00 (3.37)
Range 3-15 9-15 3-14 3-14
Activity at Time of Injury n (%)
MVA 41 (74) 14 (78) 16 (88) 8 (73)
Falls 59) 3(17) 1(6) 109
Fights 1Q2) 0(0) 0(0) 2 (18)
Other 8 (14) 1(6) 1(6) 0(0)
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TABLE 2
Neuropsychological outcome at 1-mo after head injury
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ance. At 1 mo postinjury, the effect of coma length
was highly significant for all measures of neuropsy-
chological functioning (P < 0.001), indicating that
individuals with longer coma length performed
more poorly on measures of neuropsychological
outcome. The effect of coma length remained highly
significant (P < 0.001) even when the effects of focal
CT abnormalities were controlled. At 1 mo, individ-
uals with focal CT abnormalities performed signif-
icantly worse than individuals without focal CT
abnormalities on all measures of neuropsychologi-
cal functioning, except Trails A and B, which were
marginally significant, and the Category test. The
effect of focal CT abnormalities, controlling for
coma length, was significant only for PIQ, TPT-T
and II (see Table 2).

The results at 1 mo do not provide statistical
support for the differential impact of focal CT ab-
normalities as a function of coma length as there
was no significant interaction between the effects of
coma length and focal CT abnormalities. Inspection
of the medians for the four groups suggests that at
1 mo, there were larger differences between the
focal v nonfocal CT groups for the longer coma
condition than for the shorter coma condition.
However, these differences or the sample sizes were
not large enough to reach significance. Approxi-
mately one-half of the patients with longer coma in
addition to focal abnormalities visible on CT were
untestable at 1 mo postinjury, whereas approxi-
mately one-third of those with longer coma but no
focal abnormalities visible on CT were untestable at
1 mo.

The effect of coma length was also significant for
all neuropsychological measures 1 yr postinjury
(see Table 3). This effect held after controlling for
focal lesions on CT as well. Individuals with focal
lesions on CT performed significantly more poorly
than individuals with no focal lesion on CT only on
Sum of Recall, Trails A, and the time component of
TPT at 1 yr, with only the latter remaining signifi-
cant after controlling for coma length. Again, at 1
yr, there is no evidence to support a differential
impact of focal CT abnormalities as a function of
coma length.

Despite the relatively small number of individu-
als in each of the focal CT categories, a descriptive
examination of impairment index by CT findings
was performed to explore how outcome varied by
coma length and specific CT findings (e.g., contu-
sion, subdural hematoma, etc.) (see Fig. 1). At 1 mo,
coma length appeared to be related to level of im-
pairment for all individuals, regardless of CT find-
ing, with a substantial overlap among the various
groups. Focal lesions evident on CT also appeared
to be an important factor in influencing outcome,
because none of the individuals in the three hema-
toma categories had an impairment index of less
than 0.3 at 1 mo, whereas many of the individuals in
the nonfocal CT categories had an impairment in-
dex of less than 0.3. At 1 yr, coma length remains
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related to level of impairment. However, at 1 yr,
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Figure 1. Impairment index by coma length and CT findings. O, coma = 24 hr, no surgery; O, coma < 24 hr, surgery;
@, coma > 24 hr, no surgery; @, coma > 24 hr, surgery. Unequal numbers of subjects in a CT group from 1 mo to 1
yr reflect incomplete testing so that it was not possible to calculate an II. ED, epidural; ICH, intracerebral; IVH,

intraventricular; SD, subdural.

bution to the prediction of outcome. Luerssen and
colleagues?* reasoned that the particularly poor
outcome often associated with [subdural] hemato-
mas may not be specifically caused by the presence
of hematoma but rather because the hematoma of-
ten is an indicator of significant diffuse brain injury.
The explanation provided by Luerssen et al. may
account for the relatively stronger and more persis-
tent relationship between outcome and length of
coma compared with focal CT abnormalities found
in this study.

Another important contribution of this study is
that the relationship between head injury severity
and outcome at two points in time postinjury was
evaluated. Many previous studies, including the
studies of Gennarelli et al.” and Williams et al.*
report data from a single follow-up. As a result,
based upon the results of previous studies, it is
difficult to determine how the relationship between
severity and outcome varies over time in the same
individuals. In this study, there is some evidence to
suggest that the detrimental effects of mass lesions
on neuropsychological functioning decrease over
time, perhaps as lesions resolve.l9 Another factor
that may contribute to the reduced effect of focal CT
abnormalities at 1 yr involves the timing of the CT
scans, which were conducted closer to the 1-mo
testing.1? The effect of coma length, however, re-

mains strong over the course of the year postinjury.
The persistent effect of coma length on neuropsy-
chological functioning suggests that the extent of
diffuse pathology related to head trauma may be a
more important determinant of long-term outcome
than the extent of secondary injuries (i.e., focal
lesions).

In this study, no interaction was found between
coma length and focal CT abnormalities on neuro-
psychological outcome. Based on the available lit-
erature in this area, it is not clear whether one
would expect a more detrimental effect of focal CT
abnormalities on the outcome of individuals with
short v long coma. Because of the small sample size
of this study, these results cannot be used reliably to
evaluate a potential interaction between coma
length and focal abnormalities evident on CT.

Previous studies have indicated that outcome
varies as a function of type of lesion, with some
lesions being associated with greater damage to the
brain and thus greater cognitive impairments than
others.” 2. 25 For example, several studies found
higher mortality rates?® 26 and poorer ratings of
outcome’ in head injury survivors with subdural
hematomas as compared with those with epidural
hematomas. Our focal CT abnormality group con-
sisted of individuals with different types of lesions.
Therefore, it may be argued that a potential rela-
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tionship between focal CT abnormality and neuro-
psychological outcome may appear less robust, be-
cause a diverse group of lesions was considered
together rather than if certain lesion types (e.g.,
subdural hematomas) had been considered inde-
pendently. To assess whether outcome varied by
focal CT abnormality, data from the current study
were examined by lesion type.

The results depicted in Figure 1 do not suggest
that the relationship between focal CT abnormali-
ties and outcome is weakened by considering focal
lesions as a single group. Despite the small number
of subjects in each group, the data in Figure 1 illus-
trate a large overlap in the performance of individ-
uals with different focal CT abnormalities 1 mo and
1 yr postinjury. These data do not provide evidence
to suggest that outcome associated with any one
abnormality is substantially worse than another.
Consistent with the literature,” however, individu-
als with epidural hematomas seem to perform bet-
ter than individuals with other focal lesions. How-
ever, because this study has only a few cases with
each type of focal CT abnormality, these data can-
not adequately address the relative effect of specific
lesion type. The extent of variability in outcome
across different categories of focal CT abnormalities
is consistent with previous research.?¢ Regardless of
the type of focal CT abnormality, the effect of coma
is strongly related to impairment index. This strong
relationship between coma length and outcome for
individuals with hematomas is consistent with the
findings of Luerssen et al.2* described earlier.

In conclusion, this study demonstrates that coma
length and focal abnormalities visible on CT con-
tribute independently to neuropsychological out-
come soon after the injury. The effects of coma
length are stronger than the effects of focal CT
abnormalities and continue to exert a stronger in-
fluence on neuropsychological outcome over the
year postinjury. We found no evidence of an inter-
action between the effects of coma length and CT
findings. The primary contributions of this study
were to evaluate the manner in which two different
measures of head injury severity interact and relate
to many facets of long-term neuropsychological
outcome as well as to examine the nature of this
relationship at two points in time over the course of
the first year after the injury. Future research
should be aimed at evaluating the interrelationship
among various measures of severity in relation to
neurobehavioral outcome for improved under-
standing of the pathophysiology of impairments
and recovery from these impairments and for
improved prediction of outcome.
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