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Cognitive sequelae of severe head injury in relation to
the Glasgow Outcome Scale
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SUMMARY Aspects of reliability and validity of the Glasgow Outcome Scale were studied by exam-

ining outcome scale categories and cognitive test scores in 57 patients with severe closed head injury
seen within 2 years of injury. Inter-rater reliability of a three and six point scale was high. The three
point scale, unlike the six point, showed a significant statistical association with cognitive test
scores. The relationship between test score and outcome category was accurate within the first 3
months of injury, but considerably less so thereafter.

With improved surgical and nursing care many sen-
ously damaged head injured patients survive with a
variety of physical, cognitive and behavioural disabil-
ities. The need for a set of clearly defined criteria of
outcome is obvious not only in enabling researchers
to communicate unambiguously, but also to allow
clear predictions about the effects of treatment and
management on outcome after injury, and to analyse
the nature of disabilities. Such a scale has been de-
vised by two of the present authors,' and its practical
utility in assessing outcome in a general sense has
been demonstrated in a variety of con-
texts,2 - 7although see reference 8 for a contrary view.
The reliability and validity of the scale have been
demonstrated obliquely, by showing that the distribu-
tion of cases in different outcome grades is very simi-
lar in three separate neurosurgical centres,2 but the
present study aims explicitly to examine reliability.
Also, one aspect of validity (that relating to cognitive
outcome), by comparing outcome scores of two ex-
perienced raters on a large group of head injured pa-
tients, and by examining the distribution of cognitive
disability in the different outcome grades of the same
group of patients. Levin et al,9 have reported such
a relationship for IQ data, and the present study
examines the relationship for a variety of other
neuropsychological data.
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Method

Patients studied (table 1)
Fifty seven severely head injured patients admitted to a neu-
rosurgical unit following head injury were examined for the
purpose of this study. To fulfil the definition of "severe",
patients must have had a coma duration assessed by the
Glasgow Coma Scale,'0 of at least 8 hours, or a post
traumatic amnesia (PTA, the interval between the injury and
regaining continuous day to day memory), assessed retro-
spectively by careful clinical questioning, of at least 48
hours.

Procedure
Patients had been examined cognitively within 2 years of
injury (many within 6 months) on a variety of neuro-
psychological tests. The neurosurgical case sheets were given
blind to two of the authors, both experienced users of the
scale (MB and BJ), who were asked to rate each case of the
three and six point outcome scales at a time corresponding
to the time after injury at which psychological testing had
been carried out. If the rater felt that insufficient information
was available for reliable grading, that patient was excluded
from the analysis, resulting in 51 cases rated in common on
the three point scale, and 48 on the six point.
The Glasgow Outcome Scale has been described in detail

elsewhere.' ' (Appendix 1). Four grades of survivor are de-
scribed as follows: Persistent vegetative state (PVS), severe
disability (SD), moderate disability (MD), and good recov-
ery (GR). The current paper focuses only on survivors who
became better than PVS. The scale assesses aspects of func-
tional dependence, with patients in the SD category being
conscious but disabled enough to be dependent upon others
for daily support. Those in the MD category are disabled
but independent, in that they can live alone and could under-
take some kind ofwork. Patients in the GR category resume
a uormaallife, although they may still have minor deficits.
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The raters were asked to rate each patient on the con-
ventional three point scale as indicated above, and where
sufficient information was available, raters also used a six
point scale by rating the patient as "high" or "low" on
whichever of the three point scale is appropriate (that is a

very severe SD would be rated as "low").
The patients were examined on a variety of cognitive tests

of intelligence, learning and memory, and language. Precise
descriptions of the tests may be obtained in reference 11.
Very briefly, intelligence was assessed using Raven's
Progressive Matrices and Mill Hill Vocabulary Scale."2 13
Learning and memory were assessed by immediate and de-
layed recall of the logical memory story in the Wechsler
Memory Scale,'4 and by noting errors to learn three pairs of
words both initially and at relearning.'5 Language was as-
sessed by a word fluency measure'6 in which patients had 60
seconds to give as many category exemplars as possible (for
example occupations), and then two 60 second periods in
which to produce words beginning with an "easy" or "hard"
letter.

Results

Inter-Rater Reliability
Measures of inter-rater reliability were made by com-
paring the ratings of the two experienced assessors
(MB and BJ). In this situation, it is the number of
cases differently classified that matter, rather than a
level of statistical association, and statistics were not,
therefore, computed. There was very high agreement
on the three point scale (table 2). In 36 cases (70%)
the agreement was perfect, and in all cases the agree-
ment was within one outcome category. The six point
scale (table 3) once again showed a high agreement
between raters, with only four cases rated differently
by more than one scale category, and none by more
than this discrepancy. It is in the middle category of
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moderate disability that disagreement occurs, al-
though even here, the disagreements are not large.

Validity
In view of the high inter-rater reliability, the ratings of
one rater (MB) were used giving a total of 57 cases.
The validity of the scale in terms of distinguishing
between the three groups on cognitive test per-
formance was assessed by comparing the cognitive
scores of patients in the three sub groups via a one
way analysis of variance (table 4). The F ratios were
significant at at least p = 0 05 in eight of the nine
tests, and in all tests except the "hard" word fluency
measure, there was a clear reduction in score with
increasing severity of outcome category. Never-
theless, as the standard deviations indicate, the
Table 2 Distribution of three outcome categories by two
raters

Rater (BJ)

SD MD GR
Rater (MB) SD 9 6 0

MD 1 10 3
GR 0 5 17

Table 3 Distribution ofsix outcome categories by two raters

Rater (BJ)

SD MD GR

Rater (MB) SD - 2 8 0 0 0 0
+ 0 7 4 0 0 0

MD - 0 0 6 1 1 0
+ 0 1 0 3 1 0

GR - 0 0 2 4 2 0
+ 0 0 0 0 4 2

Table 1 Details ofhead injured cases

(a)

Coma (days) 0 1 2 3 4 5 6 Unknown
No. of cases 1 15 11 7 6 0 3 14

(b)

PTA (days) 1-7 8-14 Over 14 Unknown
No. of cases 13 10 25 9

(c)

Time after injury (months) Up to I month 2-3 4-6 7-12 13-24
No. of cases 18 14 12 10 3

(d)

Age (yr) 15-30 31-45 46-60 Over 60
No. of cases 25 13 17 2
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groups overlapped considerably in test scores, with
particular overlap between the MD group and each of
the other two groups. When Scheffe tests were per-
formed, the significant F ratio was found to be due
either to the difference between the GR and SD
groups, or between the SD and the remaining two
groups combined. The crucial significance therefore
appears to be due to the very poor scores of the SD
cases who performed conspicuously below patients in
the other two groups. On the one measure failing to
show a significant F ratio (immediate associated
learning), all three head injury groups performed very
poorly, and there is therefore probably a "floor"
effect here.
An alternative examination of validity may be

made by comparing three outcome grades in terms of
an external measure of severity of brain damage such

as the duration of post traumatic amnesia. As the re-
sults in table 4 show, the three severity groups did
indeed differ significantly in terms of PTA duration,
and the significance was seen on Scheffe testing to
arise from the difference between the GR and the
other two groups combined.
The validity of the six point scale was assessed in a

similar manner by one way analysis of variance across
the six categories, although the larger number of
groups resulted in a small number of cases in each
group. Table 5 shows that seven of the nine F ratios
were significant at at least 0 05, but inspection of the
data shows that the expected gradation of scores did
not always appear, and the clear correspondence be-
tween outcome and cognitive performance found
with the three point scale was not obvious on the six
point scale. However, on Associate Learning, a test

Table 4 Cognitive test mean scores in three outcome groups: summary ofanalyses of variance

Cognitive test Outcome Grade

(SD) (MD) (GR)

Mean SD Mean SD Mean SD F
(N= 15) (N= 16) (N= 26)

Progressive Matrices 81 2 13-2 89-7 16 5 94 0 13 2 3.83*
Mill Hill Vocabulary 81 8 109 926 146 93 2 7-2 591t
Logical memory
Immediate 4-0 2-4 8-4 4-4 11-3 4-4 16 21t
Delayed 2 7 2 0 5-4 3-7 9 0 5-0 12 28t
Associate learning
Immediate 136 120 134 97 80 63 237
Delayed 144 122 87 117 43 71 459t
Wordfluency
Category 7 7 5-2 10-6 3 6 141 3 4 11 90t
Easy letter 40 4.9 80 5-3 9.1 4-3 5-56t
Hard letter 1 9 2-5 44 3.5 3-8 2 3 3.48*

PTA (Days) 24-2 7-6 20 5 8 2 12 2 10 1 7-86t

*P < 0 05; tp < 0 01.

Table 5 Cognitive test mean scores in six outcome groups: summary ofanalyses of variance

Cognitive test Outcome Grade

(SD) (MD) (GR)
_ + _ + - + F
(6) (8) (6) (8) (11) (10)

Progressive Matrices 78-8 84-0 92-0 89 0 100-5 90 9 2 27
Mill Hill 77-3 874 95-5 94-5 92-1 946 2.69*
Logical memory
Immediate 30 5 1 76 100 11 1 120 5 78t
Delayed 2 0 3 2 4-4 6-4 9 0 10 0 4 20t
Associate learning
Immediate 21 3 69 166 8-1 68 9-6 340t
Delayed 25-2 7-2 13 2 5-6 4-8 4-6 4-53t
Wordfluency
Category 60 92 104 105 130 150 405t
Easy letter 18 61 7-2 9-3 101 8-8 2.45*
Hard letter 1-2 26 40 5-3 3-4 4-4 1 60

PTA 28-0 21 4 15-4 22-3 11-3 10-9 4-10
* p < 0 05; t p < 0-01.
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which head injured patients find conspicuously
difficult, patients in both categories of severe disabil-
ity showed no reduction in error between the immedi-
ate and delayed testing showing the extremely poor
verbal retention in these patients.

Validity as a function at time of testing
As the patients in this study were seen at any time
from 1 to 24 months after injury, this afforded the
opportunity to examine the correspondence between
outcome grade and cognitive performance at different
times after injury. In order to have sufficient cases for
data analysis, only the three point outcome grading
was used, and the 32 "early" patients seen within 3
months after injury were analysed separately as were
the 25 "late" patients seen after 3 months. The choice
of 3 months was to some extent arbitrary, being dic-
tated partly by the need to have adequate numbers of
patients for analysis, but also by clinical experience
which shows that in many patients cognitive recovery
on testing is slowing considerably by 3 months. This
does not, of course, deny the reality of continuing
improvement in many patients. Table 6 gives a sum-
mary of the individual analyses of variance, although
interpretation is somewhat problematic due to the
small shows of cases in some of the categories (only 5
late SD and MD cases). The results are nevertheless
clear in that the F ratios are significant for eight of the
nine tests in the early group, but only two in the late
group. Scheffe testing showed that the significance
arose due to the particularly poor cognitive per-
formance of the SD group.

Discussion

This study concerned both reliability and validity of
the outcome scale, and reliability was found to be
satisfactory when examined by comparing two raters.

Table 6 Significant F ratios comparing three outcome
grades in "early" and "late" patients

Cognitive test Early Late

F Sig F Sig

Progressive Matrices 11-28 1001 0 01 NS
Mill Hill 8-22 1001 0-32 NS
Logical Memory
Immediate 12-29 10 01 3-82 <005
Delayed 8-11 <001 4-15 005
Associate Learning
Immediate 2-77 NS 1-60 NS
Delayed 5 25 <0 01 1 68 NS
Word Fluency
Category 11*06 <0-01 2 00 NS
"Easy" 8-80 <0 01 0 36 NS
"Hard" 4-25 <0 05 0-30 NS

PTA 6-84 <0-01 1-81 NS
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Given adequate reliability, an analysis of validity in
terms of cognitive performance showed highly
significant and consistent differences between the out-
come subgroups, with a clear gradation in score be-
tween GR and SD groups. This gradation was not,
however, so evident when dividing the scale into six
rather than three points, and this reduction in validity
cannot be due simply to lowered reliability as this was
still acceptably high on the six point scale.

Scheffe comparisons across the three outcome
groups showed that in many cases the significant
difference in cognitive performance arose from the
difference between the two extremes, with the mod-
erate disability patients overlapping with both the
good recovery and severe disability cases.
The scale is a relatively crude one (as it was in-

tended to be), assessing very general aspects of out-
come related more to functional disability than to
cognitive deficit. Despite this, there is a correspon-
dence with cognitive outcome on the three point scale,
but it is important to note that this correspondence is
dependent upon the time after injury at which a
patient was assessed. Comparisons across the three
outcome groups gave many significant F ratios within
3 months of injury, but not later, and it may be that
during this early period both scales (outcome scale
and cognitive performance) are driven by a third
factor: the severity of injury. This is supported by the
significant F ratio for PTA early, but not late after
injury. As time passes, both psychological test per-
formance and outcome scale categorisation appear to
become more multi-determined, with factors such as
severity of injury or persisting focal neurological
deficit; the patient's affective and behavioural status,
possibilities of return to work, and opportunities to
live in a psychologically stimulating environment, all
interacting to give the final outcome picture.
Outcome scales are very useful for epi-

demiologically based research, whereas psychological
tests are useful for neuropsychologically based re-
search and for individual patient rehabilitation. It
would be unreasonable to expect one to predict the
other in anything other than a broad sense, and it is
important to be aware that patients may achieve con-
siderable clinical improvement yet still remain within
the same broad outcome category. It is not adequate
to use the Outcome Scale to categorise outcome in an
individual case, particularly so when behavioural and
psychological disturbances are evident. To do justice
to individual cases requires a range ofmeasures which
relate clearly to the individual disability of an individ-
ual patient.

Dr J Hosie and Ms ME Aughton were supported by
aMental Health Foundation Research Grant.
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Cognitive sequelae of severe head injury in relation to the Glasgow Outcome Scale

Appendix

THE GLASGOW OUTCOME SCALE

The three categories of non-vegetative survival
Severe disability The patient is conscious but needs assis-
tance from another person for some activities of daily living
every day. The state may range from total dependency (for
washing and feeding, etc.) to the need for help with only one
activity such as dressing, or mobility. Very often dependency
is due to a combination of physical and mental disability,
and it is not uncommon for a severely head injured patient to
have little residual physical deficit, but to have such an in-
ability to organise his/her life that he is functionally severely
disabled. Patients in this category may be described as "con-
scious but dependent".
Moderate disability These patients may look after them-
selves at home, and are independently mobile. Nevertheless,
some previous activities (either vocational or social) are no
longer possible due to either mental or physical disabilities
or both. It is not impossible for patients in this category to
be able to return to certain kinds of work, but nevertheless
they would be described as "independent but disabled".
Good recovery Patients in this category may resume nor-
mal vocational and social activities, although often in the
context of persisting minor physical or mental deficits.
Nevertheless, for a variety of reasons (often mental rather
than physical) the patient may not have resumed all previous
social activities, and may not be working.
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