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A comparison of neuropsychological and functional
outcome, and uptake of rehabilitation services,
following severe and moderate head injury

Shirley | Anderson, Robert Taylor, Patricia A Jones and J Douglas Miller Department of Clinical Neurosciences,

University of Edinburgh, Western General Hospital, Edinburgh

We undertook a prospective outcome study of 61 patients with head injuries

of differing severities who had been admitted to a neurosurgical unit and who
survived for six months or more. Patients and relatives were interviewed and
patients were neuropsychologically assessed six months from the time of

injury. Details of the uptake of rehabilitation services were also collected. Three-
quarters of the patients with severe head injury and two-thirds of those with
moderate head injury remained severely or moderately disabled at follow-up.
Both groups showed evidence of cognitive impairment and were reported by
relatives to be suffering emotional and psychological problems. Whereas 54% of
the severely head injured received inpatient rehabilitation, this was true of only

23% of those with moderate head injury.

Introduction

Each year about 300 per 100 000 of the British
population sustain a head injury of sufficient
severity to warrant hospitalization: most are
males under 40 years; 10% of these injuries are
severe, 10 to 15% moderate and the remainder
minor, based on the Glasgow Coma Scale. At
any time, 150 of 100 000 of the population will
be disabled as a result of such injuries.! The long-
term consequences for the survivors of severe
head injury are cognitive and neurobehavioural
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rather than physical or neurological in nature.2
Moderate head injury is at least as common as
severe head injury.3 Of 113 patients with moder-
ate head injury almost 70% were found unfit for
work three months later,* and 20% of a group of
55 such patients did not return to their premorbid
level of employment.> Many studies of moderate
head injury lack the detailed information about
the nature of the injuries sustained that appears
in studies of severe injury. In this prospective
study we compare outcome of severe and mod-
erate traumatic brain injuries in patients drawn
from the same population. The study was set up
to examine the neuropsychological and functional
outcome at six months post-injury in patients
surviving severe or moderate head injury, all of
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whom had been studied and managed by the same
protocol,® and to identify whether patients with
moderate head injury were as likely or less likely
to have rehabilitation.

Method

Patients

Eighty-eight adult patients, 53 w1th severe head
injury (SHI) and 35 with moderate head injury
(MHI), who were admitted to our neurosurgical
intensive care unit were prospectively studied as
part of a larger ongoing head injury research
programme involving computerized monitoring
in the acute stage.”? The unit is part of a regional
service with a referral population of 1.3 million
which admits all SHI and MHI patients in the
area. The patients were allocated to two severity
groups using the Glasgow Coma Scale? (GCS)
which stratifies patients according to their level of
response in terms of eye opening, motor response
and verbal response. Patients categorized as SHI
score between 3 and 8 points; they fail to open
their eyes, even after the application of painful
stimuli, and do not obey commands or utter
recognizable words. Patients with MHI obtain
a score of 9 to 12 on the scale or greater than
12 if computerized tomography (CT) scanning
has shown an intracranial haematoma requiring
neurosurgical evacuation.

Assessment techniques

The patient and a relative were interviewed and
outcome assessed six months from the time of
injury. By this time 20 patients (17 with SHI and
three with MHI) had died. No patients remained
in a persistent vegetative state. Six patients with
MHI and one with SHI were not available for
testing. The remaining 61 patients (35 with SHI
and 26 with MHI) were assessed fully. Their
premorbid and injury details are presented in
Table 1. A Glasgow Outcome Scale score (GOS)
was assigned to each patient after interview with
the patient and a relative.?

A Relatives Questionnaire (RQ),10 which
gathers details of a wide range of problems com-
monly reported after head injury, was completed
for each patient. Additional details about the
patient’s social behaviour and functioning were
obtained. The 62 questions were combined for

analysis into eight categories: physical disability,
speech and language problems, affective disor-
der, dependence, subjective complaints, memory
problems, disturbed or antisocial behaviour and
reduced social functioning, and the scores con-
verted to a proportional score out of 10. The
relative also rated the amount of stress which he
or she was experiencing as a result of the patient’s
injury on an analogue scale ranging from 0 (no
stress) to 10 (maximum stress).

Earlier research 1dent1fy1ng memory, concen-
tration, information processing, visuospatial skills
and concept formation as the most common prob-
lem areas following closed head injury deter-
mined the choice of test measures used.11:12
Patients were screened for disorientation and dys-
phasia using the Temporal Orientation Test13 and
the Frenchay Aphasia Screen Test!4; premorbid
IQ were estimated using the National Adult
Reading Test (NART)15 and then immediate and
delayed recall of a paragraph from the Logi-
cal Memory subtest of the Wechsler Memory
Scale (WMS),16 copy and immediate recall of
the Rey Osterrieth Complex Figure,17 a slow
version of the Paced Auditory Serial Addition
Test (PASAT),18 and a version of the Wisconsin
Card Sorting Test (WCST), based on Nelson,!9
were completed.

Results

Patient characteristics

Distribution of age, sex and premorbid IQ as
estimated on the NART were similar in the two
groups of patients. Other details of SHI and MHI
patients are given in Table 1.

To examine whether our study patients differed
from other head-injured patients admitted to the
unit, the 61 patients were compared with 96 sur-
viving patients (29 SHI and 67 MHI) admitted
to the unit over the same time interval but not
subjected to computerized monitoring.” While
the study patients with SHI were similar to the
nonstudy SHI patients in terms of sex, age and six-
month outcome as assessed by the GOS, the study
group with MHI were more likely to be male and
to have undergone a period of ICP monitoring
than nonstudy MHI patients, and were also sub-
sequently found to have higher morbidity at six
months post-injury as assessed by the GOS.
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Functional outcome

Six months after injury almost three-quarters
of SHI patients and two-thirds of MHI patients
remained severely or moderately disabled (Table
2). The distributions of GOS scores were not sig-
nificantly different in the two patient groups (chi
square = 0.77; p > 0.05). Similarly the numbers
of patients who were judged to be unfit for work
by their relative did not differ (chi square = 0.096;
p > 0.05).

The majority of patients in both groups were
reported by relatives as having little physical
disability; 74% of all patients were mobile and
required no aids and 79% required no help with

Table 1 Characteristics and injury details of patient groups

self care. However, 74% of the SHI and 54%
of the MHI patients were reported as having
reduced employment prospects as a result of
the injury, and half of each group had suffered
a deterioration in their leisure and social life since
the injury. The particular problems commonly
reported (percentage of the 61 patients reporting
each in parentheses) were as follows: tiredness
(61%), slowness (56%), anxiety (52%), impa-
tience (56%), irritability (54%), reduced con-
centration (52%), personality change (56%), and
memory impairment (59%). There were no sig-
nificant differences between the patients with SHI
and those with MHI in their relatives’ reports of

Grade on admission

Severe head injury

Moderate head injury

(n=35) (n=26)
Sex

Male 30 (86%) 24 (92%)

Female 5 (14%}) 2 (8%}
Age at injury

Mean 30 years 34 years

Range 15-63 years 15-68 years
Premorbid IQ (NART)

Mean (SD) 105 (8.5} 104 {7.0)
Glasgow Coma Scale: mean {SD) 5.7 (1.5) 10.1(2.0)
Diagnosis (% of group) % %
Haematoma evacuated 37 46
Haematoma nonevacuated/contusion 20 31
Diffuse injury 43 15
Other 3 8*
Cause of injury (% of group)

Driver of vehicle ] 12
Pedestrian 14 23
Fall/jlump 2% 35
Assault/hit on head 8 19
Other 3 11
ICP monitoring (% of group) 80 61
Alcohol on admission (% of group) 20 38

*Patient with no abnormality apparent on CT scan

Table2 Glasgow Outcome Scale (GOS) at six months for patients with severe head injury and moderate head injury

Number of patients in each GOS category

Admission Severely Moderately Good Total
grade disabled disabled recovery

Severe head injury 11(31%) 15 (43%) 9(26%) 35
Moderate head injury 6(23%) 11 (42%) 9(35%) 26

Chisquare = 0.77; p > 0.05 for difference in distribution of outcomes following moderate and severe head injury
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these common problems. The SHI group showed
more problems with balance, tactless behaviour
and increased sensitivity to noise, and the MHI
group had more problems with disturbed sleep
and lethargy than before the injury.

The average reported stress scores on the 0 to
10 scale were 6.0 (SD 3.4) for relatives of the
SHI patients and 5.5 (SD 4.0) for relatives of the
MHI patients. This difference was not significant
(t[59] = 0.59; p > 0.05).

Neuropsychological tests

All 61 patients were fully oriented at time
of testing and showed no evidence of gross
language impairment. Table 3 shows the
neuropsychological test scores. On five of the
eight tests, the patients with moderate head injury
performed as poorly as those with severe head
injury.

Relationship between neuropsychological test
scores and functional status

All the neuropsychological tests, other than
the NART which estimates premorbid 1Q, were
related in the expected direction to the patients’
functional status as assessed by the GOS. Patients
who functioned at a higher level achieved sig-
nificantly better test scores. In the case of the
PASAT test this relationship was highly sig-
nificant. PASAT scores were also significantly
related to the level of stress reported by relatives
(r = —0.46; p < 0.001 for raw score, r = —0.49;
p < 0.001 for longest string correct) (Table 4).

The neuropsychological test scores for the
patients who had returned to work and those
who were described as being unfit to work showed
significant differences in four of the eight tests
(Table 5), again in expected directions.

Few significant relationships emerged between

Table3 Neuropsychological test scores at six months — means and standard deviations for patients with severe and

moderate head injury

Neuropsychological test scores

Mean (SD) Mean (SD)

Severe head injury Moderate head injury

(n=35) {n=26)
Logical memory (immediate) 8.2(5.1) 7.0(3.1)
Logical memory (delayed) 7.0{4.9) 4.8(3.2)
Rey Osterrieth (copy) 30.9(9.6) 32.2(4.0)
Rey Osterrieth (recall) 18.6(9.2) 22.0(6.8)
PASAT (number correct) 43.0(14.4) 43.2(11.8)
PASAT (longest string) 17.5(16.1) 14.9(12.8)
WCST (errors) 12.1(10.9) 15.1(9.6)
WCST (perseverative errors) 4.2(6.4) 4.6 (6.5)

There were no significant differences between the two groups (unpaired t-test; p>0.05)

Table4 Correlations of neuropsychological test scores with Glasgow Outcome Scale (GOS) and relatives’ stress at six

months (all patients: n = 61)

GOS Relatives’ stress score
Logical memory (immediate) 0.43* -0.24
Logical memory (delayed) 0.36* -0.15
Rey Osterrieth (copy) 0.34* -0.18
Rey Osterrieth (recall) 0.42* —-0.15
PASAT (number correct) 0.59** —0.46**
PASAT (longest string) 0.41* —0.49**
WOCST (errors) -0.38* 0.13
WCST (perseverative errors) —0.40* 0.27
NART 0.06 -0.17

Pearson correlation coefficients *p<0.01; **p<0.001
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the category scores for the relatives questionnaire
and the neuropsychological test data. The prob-
lem areas most closely related to poor test per-
formance were dependence and memory. PASAT
raw scores and the WCST error scores were
significantly related to increased dependence
(r = —0.43; p < 0.01 and r = 0.43; p < 0.01).
PASAT raw scores and WCST perseverative
error scores were related to memory impairment
(r = —0.41; p < 0.01 and r = 0.51; p < 0.001).
Problems with social behaviour were also related
to increased error score on the WCST (r = 0.36;
p < 0.01).

Rehabilitation services

Nineteen of the 35 patients (54%) with SHI
received inpatient rehabilitation whereas only six
of the 26 with MHI (23%) received such rehabili-
tation (chi square = 4.79; p < 0.03).

Discussion

Whereas there were major differences in mortal-
ity between patients with SHI (32%) and MHI
(8%), morbidity in both groups of surviving
patients was high at six months after injury. Only
35% of the surviving MHI patients and 26% of
the SHI patients had attained a good recovery
according to the GOS criteria, similar to the find-
ings of Rimel er al.# at three months post-injury.
However, it is probable that they were studying

a less severely injured group of patients in that
only 33% of their group had a GCS score of ten or
less in comparison with 73% of our study patients.
Fifty-eight per cent of the MHI group and 66% of
the SHI group in our study were unfit for work at
six months.

Whereas our group with MHI were functioning
at a slightly higher level than the patients with
SHI in terms of global functioning, return to work
rates and most areas addressed in the RQ, their
mean scores on neuropsychological testing were
relatively low. Sixty-one per cent of those with
MHI were suffering from reduced drive and leth-
argy in contrast with only 43% of the patients with
SHI: lethargy and passive behaviour have been
shown to be amongst the most significant predic-
tors, together with cognitive factors, of whether
the patient can eventually return to work.20 It is
possible that the problems of the MHI are mainly
cognitive and behavioural whereas physical and
neurological sequelae add to these difficulties in
the group with SHI, especially since patients with
SHI are more likely to sustain other injuries con-
current with their head injury.3 Thirty-four per
cent of the SHI group still required the help of
mobility aids, but only 15% of the MHI group,
and over half of the SHI group still had balance
deficits while only 11% of the MHI group had
such problems.

Physical and neurological symptoms are more
commonly reported in the early stages of recovery
but with increasing time from injury, psychologi-

Table5 Neuropsychological test scores — means and standard deviations at six months for patients working or unfit

to work

Neuropsychological test scores

Mean (SD) Mean (SD)

Working full Unfit to work

or part-time
Logical memory (immediate) 9.8 (4.0)* 6.7 (4.4)*
Logical memory (delayed) 8.0(4.4) 5.4(4.3)
Rey Osterrieth (copy) 33.0(2.8) 30.3(9.5)
Rey Osterrieth {recall) 25.0 (4.7)** 18.5(9.1)**
PASAT (number correct) 50.4 (5.8)*** 38.8(14.4)***
PASAT (longest string) 20.7 (14.9) 13.8(14.1)
WCST (errors) 8.7(7.8)* 15.8(10.6)*
WOCST (perseverative errors) 2.2(4.5) 5.7 (7.0)
NART 106.2 (8.2) 104.1 (8.6)

Unpaired ttest *p<0.05; **p<0.01; *** p<0.001
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cal problems come to the fore.10 If psychological
and cognitive impairment predominate after MHI
in the context of relatively good early physical
and neurological recovery, handicaps may only
become apparent on attempting to resume a nor-
mal lifestyle. Demands placed on patients who
have sustained less severe head injuries will also
be greater than for those who have had lengthy
periods of coma, particularly if the sequelae are
less obvious to others as suggested above and if
physical recovery is complete. Patients with such
‘invisible disability’ are likely to suffer particular
strains not experienced by groups with more overt
symptomatology.2!

The relative lack of rehabilitation received by
the patients with MHLI is of importance given the
high level of residual disability. Various factors
may account for this finding. Physical function
of these patients was significantly better than
that of the patients with SHI soon after injury.
More patients with SHI were severely disabled
one month after head injury than patients with
MHI, whereas by six months the differences in
outcome between the two groups had lessened.
Patients with predominantly cognitive and emo-
tional problems in the context of good physical
recovery appear less disabled in the acute hospital
setting and are more likely to be judged fit for
discharge home. Even at three-month follow-up,
difficulties may still not be obvious so that the
patient is discharged from the outpatient clinic.

Despite the low mortality rates for patients
sustaining MHI there can be a high level of
morbidity in these patients. Their substantially
reduced functioning is due primarily to cognitive
and psychological impairment but they are cur-
rently less likely to be offered rehabilitation.
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