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Children and young adults in a prolonged unconscious state after
severe brain injury: Long-term functional outcome as measured by
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Abstract
Objective: To investigate the long-term (2–15 years) functional outcome of children and young adults who received an early
intensive neurorehabilitation programme (EINP) after a prolonged period of unconsciousness due to severe brain injury; to
differentiate between traumatic brain injury (TBI) and non-traumatic brain injury (nTBI); and to compare the results on
two different outcome scales: the Disability Rating Scale (DRS) and the Glasgow Outcome Scale Extended (GOSE).
Subjects: One hundred and forty-five patients, who were admitted to EINP between December 1987 and January 2001.
Outcome measures: The Post-Acute Level of Consciousness scale (PALOC-s), the DRS, including categorized scores
(DRScat), and the GOSE.
Results: The long-term functional level of 90 patients could be determined, of whom 25 were deceased. The mean DRSscore of the surviving patients was 6.8 (SD ¼ 6.6); the mean score on the GOSE was 4.5 (SD ¼ 1.7). There was a significant
difference in the outcome amongst traumatic and non-traumatic patients (t(88) ¼ 4.21; p < 0.01). The correlation between
the DRS and the GOSE was high (Spearman rho ¼ 0.85; p < 0.01), as well as the correlation between the categorized scores
of the DRS and the GOSE (Spearman rho ¼ 0.81; p < 0.01). The distribution of outcome scores on the DRScat is more
diverse than on the GOSE. Especially item 7 of the DRS, measuring functional independence, showed considerable
variance in discriminating between different outcome levels.
Conclusions: More patients with TBI than expected reached a (semi-) independent level of functioning, indicating a possible
effect of EINP. Patients suffering from nTBI did not demonstrate these outcome levels. Only a few patients stayed in a
vegetative state for more than a couple of years. In this cohort of severe brain-injured young people, the DRS offered the
best investigative possibilities for long-term level of functioning.
Keywords: Consciousness, brain-injured children, functional recovery, long-term functioning, minimally conscious state,
neurorehabilitation, severe brain injury, vegetative state, youngsters

Introduction
Severe brain injury in young people, with a
prolonged period of unconsciousness of several
weeks or months, results in an extensive loss of
function regarding almost all capabilities. This
usually leads to a decreased level of independence,

and results in the majority of cases in a lower level of
social participation [1]. A number of patients do not
regain consciousness and continue to remain in a
vegetative state (VS) or minimally conscious state
(MCS) for many years, even resulting in death for
some patients [2]. For those children remaining in a
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vegetative state three months after suffering severe
traumatic brain injury, the probability of remaining
in a vegetative state for at least one year was
calculated by the Multi-Society Task Force on
Persistent Vegetative State (MSTF) at 30%
(CI99 ¼ 13–47) and the probability of death was
calculated at 14% (CI99 ¼ 1–27) [3]. For children
who suffered a non-traumatic brain injury the
probability of remaining in a vegetative state was
calculated at 97% (CI99 ¼ 89–100) and the probability of death was calculated at 3% (CI99 ¼ 0–11).
Since the 1960s treatment programmes have been
developed, focusing on the recovery of consciousness
and on an early start of recovery of functions in nonresponsive patients [4, 5]. The different programmes
vary considerably in terms of content, target group,
intensity, duration, location, and finances [6, 7]. It is
extremely difficult to investigate the effects of these
rehabilitation programmes because of a range of
methodological difficulties, a lack of sound treatment theories [8] and ethical limitations [9]. As a
result, the efficacy of these kind of programmes has
remained unproven [10]. A few studies, however, do
support the beneficial effects of early intensive
neurorehabilitation of non-responding patients [11,
12]. Earlier investigations [13, 14] show that only
one quarter of patients who were still in VS or MCS
one month after injury regain self-care independency, implying that three quarters of the patients
require aid from either family members or a health
care facility. Patients who remained dependent and
who required a full-time care facility often expressed
their anguish and demonstrate a low level of
experienced quality of life [15]. The close relatives
of these patients are also often distressed, especially
when they have to deal with behavioural changes
[16]. Therefore, each treatment programme that can
contribute to better outcome levels will ultimately
reduce emotional problems for both the patient and
their family.
In 1987 a comprehensive early intensive neurorehabilitation programme (EINP) for children in VS
or MCS was developed at the Rehabilitation Centre
Leijpark (RCL) in the Netherlands, aiming at
recovery of consciousness and ultimately at ameliorating the level of independence. The outcome upon
discharge of 145 patients, aged 0–25 who were
admitted between December 1987 and January
2001, showed that 62% of the patients had reached
full consciousness, 27% were in MCS, 6% were in
VS, and 5% deceased [17]. Most of the conscious
patients were discharged to a regular rehabilitation
facility, indicating potential for a reasonable recovery
of long-term function. The question remains
whether the recovery of function achieved at the
time of discharge indeed led to higher levels of
independence in long-term functioning.

This study therefore focuses on the long-term
functional recovery of the patients mentioned above,
after receiving EINP. This is the first large-scale
Dutch study concerning long-term disability in
young patients with severe brain injury and with a
known long period of disturbed consciousness.
Other objectives of this study include the comparison of outcome amongst traumatic and nontraumatic patients given that it is to be expected
that the latter group has fewer possibilities for
recovery than the first [3].
Finally, a comparison of results will be made
concerning the two different and widely used
outcome measures; the Glasgow Outcomes Scale
Extended (GOSE) [18, 19], and the Disability
Rating Scale (DRS) [20].
Outcome after severe brain injury can be examined at different levels of functioning: neuropsychological functions [21], quality of life [22] or the level
of disability [23]. In an overview of some frequently
used outcome measures for clinical trials in neurotrauma, Bullock et al. [24] concluded that the
Glasgow Outcome Scale (GOS) [25] or its extended
form (GOSE), and the DRS are the most widely
used outcome measures. They recommend that the
GOSE be further evaluated, especially in relation to
the higher sensitivity of this instrument for the
middle outcome categories. The structured nature of
the interview should protect against inter-observer
variability. They also concluded that the concordance between the DRS and the GOS is moderate,
with an underestimation by the DRS of the severity
of outcome related to the GOS. Others however,
showed a higher sensitivity of the DRS in the most
severe outcome levels. Hall et al. [26] stated in 1985
that ‘the DRS more sensitively reflects improvement
during in-hospital rehabilitation than the GOS, 71%
to 33%, respectively’ (p. 35). The latter effect is in
all probability a reflection of the sensitivity of the
DRS to changes in seriously impaired patients.
Therefore, for a population concerning high probability of low outcome (VS or MCS), the DRS seems
to be more useful in differentiating between outcome
levels.

Method
Patients
Subjects included in this study were all patients
(N ¼ 145) admitted to the EINP between December
1987 and January 2001. Criteria for admission were:
age between 0–25 years, in a vegetative or minimally
conscious state subsequent to severe brain injury,
admission date between 2 weeks and 6 months after
injury.
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Admission took place between 0.7–7.6 months
(Mean (M) ¼ 2.3, Median ¼ 2.1, SD ¼ 1.2) after
injury. One patient was admitted more than a half
year after the injury due to a waiting list. Of the 145
patients admitted to the EINP programme, 107
patients suffered severe brain injury, with an initial
Glasgow Coma Scale (GCS) [27] score less than or
equal to eight. One patient with a GCS-score of 9
was admitted because of the extended vegetative
state. For 37 patients the initial GCS-score was
unknown.
In Table I the most important characteristics of
the participants are presented.
The cohort is divided into two groups: 104 patients
who suffered traumatic brain injury (TBI: 91 of the
cases was caused by a traffic accident, 12 caused by a
fall, and in 1 case caused by a blow to the head) and
41 patients who suffered a non-traumatic brain injury
(nTBI). In this group different kinds of causes are
represented more or less equally: near-drowning
(n ¼ 11), encephalitis (n ¼ 10), cardiac arrest (n ¼ 7)
and other causes of anoxia (n ¼ 10). Three patients
suffered a stroke. There are two main differences
between the TBI group and the nTBI group. Firstly,
the mean age at time of injury of the nTBI group is
significantly lower (t(143) ¼ 5.74; p < 0.01), and secondly the level of consciousness (LOC) at the time of
discharge from EINP is significantly less encouraging
in the nTBI group, as compared to the TBI-group
(t(143) ¼ 3.51; p < 0.01).
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Table I. Demographic characteristics.
Traumatic
injury

Non-traumatic
injury

41
Total number
1041
Age at admission
to EINP
0–5 years
12 (12)
23 (56)
6–10
17 (16)
5 (12)
11–15
25 (24)
5 (12)
16–20
38 (37)
5 (12)
21–25
12 (12)
3 (7)
Mean (SD)
14.8 years (5.8)
8.0 years (7.5)
Gender
Male/Female
76/28 (73/27%)
28/13 (68/31%)
GCS2 at admission
to hospital
Mean (SD)
3.9 (1.9)
3.2 (2.2)
Unknown
20 (19)
17 (42)
LOC at admission
to EINP3
Vegetative state
45 (43)
18 (44)
Minimally
59 (57)
23 (56)
conscious state
LOC at discharge
from EINP
Deceased
3 (3)
4 (10)
Vegetative state (VS)
4 (4)
5 (12)
Minimally conscious
24 (23)
15 (37)
state (MCS)
Conscious state (CS)
73 (70)
17 (42)
1
Numbers and (between brackets) are the column percentages in
each category, except for the Mean and SD scores.
2
GCS ¼ Glasgow Coma Scale score.
3
LOC ¼ Level of consciousness.

Outcome measures
The PALOC-s is a newly developed observation
scale to investigate the level of consciousness in
patients with a prolonged loss of consciousness after
severe brain injury. The PALOC-s is a one item
rating scale including eight levels of consciousness:
1 ¼ coma, 2 ¼ hypo-responsive vegetative state,
3 ¼ reflexive vegetative state, 4 ¼ high (re-)active
vegetative state, 5 ¼ transitional minimally conscious
state, 6 ¼ inconsistent minimally conscious state,
7 ¼ consistent minimally conscious state, and
8 ¼ conscious state. Preliminary results show that
the PALOC-s is reliable (0.85 < r < 0.94) and valid
(0.88 < r < 0.93) [28]. In this study, the scores on
the PALOC-s were reduced to class scores: coma
(PALOC-s score of 1), vegetative state (VS,
PALOC-s score 2–4), minimally conscious state
(MCS, PALOC-s score 5–7), and conscious state
(CS, PALOC-s score of 8).
The Disability Rating Scale (DRS) [20] consists of
eight items, either scored on a four, five or six-point
scale. A high score on an item indicates a low level of
functioning on that aspect. The scores on the eight
DRS items can be summed up to values from 0–29.
A score of 30 is given when a patient has deceased.

The DRS is reliable and valid [20, 29] and is able to
track a patient from the lowest level of unconsciousness up to independent functioning in the community. The DRS has proven to be sensitive to
improvement until at least five years after injury
[30], especially in patients who are still (partly)
dependent one year after injury. The DRS was
translated into Dutch by the first author, in a
forward-backward procedure [31], and adapted to
be filled out by a proxy of the patient.
The GOSE is an extension of the Glasgow
Outcome Scale (GOS) [18, 19]. The GOSE is a
one-item rating scale including eight outcome
categories (from ‘deceased’ to ‘upper good recovery’, see Table II) and can be administered
through a structured interview. Compared to the
GOS, the GOSE has proved to be more sensitive
to changes in the mild-to-moderate range of TBI
[32, 33]. The GOSE was translated into Dutch in
an earlier research programme at the Erasmus
University of Rotterdam and was administered in
a structured interview with a proxy of the patient,
as proposed by Wilson [19].
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Table II. Disability Rating Scale category levels (DRScat), as converted from the raw scores of the Disability
Rating Scale, and GOSE category levels.
Raw DRS score

Categories DRS (DRScat)

Level

0
1–3
4–6
7–11
12–16
17–21
22–29
30

No disability
Mildly to partially disabled
Moderately disabled
Moderately severe disabled
Severely disabled
Extremely severe disabled
Vegetative state
Deceased

8
7
6
5
4
3
2
1
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Procedures
This study was carried out following a one-group
archived pretest-posttest design.
The local medical ethics committee gave ethical
and lawful approval of the study.
The first author, an experienced neuropsychologist, investigated the patients’ medical files to collect
their demographic and injury-related characteristics,
and to determine the level of consciousness (LOC)
upon admission and discharge to the EINP, using
the class scores of the PALOC-s. The procedure has
been previously described in detail [17].
Next, all subjects were contacted in writing and
asked for informed consent. When no reaction was
received, contact was made by telephone. After
having received the informed consent from the
patients or their family, the outcome scales were
administered with a proxy of the patients (usually one
of the parents). All assessments took place between
November 2002 and June 2003 by the second author,
a neuropsychology trainee, generally at the rehabilitation centre. Some assessments were done at the
patients’ home. In one case concerning an emigrated
patient, the administration was fully executed in a
telephone interview. The assessment was carried out
in one session, and completed in 20–30 minutes. The
GOSE was always administered first.
Statistical analyses
To be able to compare the DRS and the GOSE
properly, the scores on the DRS were transformed
into category scores. The possibility of categorization
was already proposed in the first publication of the
DRS by Rappaport et al. [20]. Gouvier found that
the inter-rater reliability of this ranked DRS was
slightly less than that of the summed score, but still
very high (0.95 vs. 0.98 in a study with three raters
and 40 patients) [34]. Gouvier concluded that
deriving category scores from raw DRS-scores did
not result in losing much information, ensuring
that the categories represent meaningful levels of
recovery in their own right. Therefore, we used
this eight-level categorized DRS-scoring method

GOSE
Upper good recovery
Lower good recovery
Upper moderately disabled
Lower moderately disabled
Upper severely disabled
Lower severely disabled
Vegetative state
Deceased

(DRScat, see Table II). To avoid negative
correlations, the raw scores were converted to
category-scores in the same means as the GOSE:
a DRScat-score of 1 reflects the worst outcome
category (deceased) and a score of 8 reflects the best
outcome category (no disability). This combination
of scores on the DRS and GOSE is represented in
Table II.
The raw scores on the last two items of the DRS
were treated individually during the analyses. These
two items present most likely the best possibilities to
differentiate between the outcome levels. Item 7
reflects the ‘Level of Functioning’ on six levels:
0 ¼ completely independent, 1 ¼ independent in a
particular environment, 2 ¼ mildly dependent,
3 ¼ moderately dependent, 4 ¼ noticeably dependent, and 5 ¼ totally dependent. Item 8 reflects the
‘Employability’ or ‘Educationability’ on four levels:
0 ¼ not restricted (for labour or education),
1 ¼ selected, competitive jobs; or can perform most
school tasks on a regular basis, 2 ¼ sheltered, noncompetitive workshop; or requires assistance for all
school tasks, 3 ¼ not employable; or education is not
possible [35].
Data analyses were performed with the Statistical
Package for the Social Sciences (SPSS 11.0.1, ß
SPSS Inc.). Descriptive statistics such as frequency
tabulations were used to describe the population and
the scores on the scales. Association between
variables was established by calculation of the
Spearman rho correlation coefficient. Curve fitting
was done using polynomial regression models containing first-, second-, and third-order terms. To
obtain a quantitative measure of how well these
models predicted the dependent variable R2 was
used. Group differences were tested by the t-test or
by the 2-test.

Results
Participants
Out of the total 145 patients, 90 patients could be
included in this study, of which 25 (19% of the TBI
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Table III. Characteristics of the participating and the non-participating groups of patients. Except for the first two variables, all data are
with exclusion of the deceased patients.
Variable
Number
Deceased
Gender
TBI/nTBI
Age at injury (yrs)
Current age (yrs)
Level of consciousness at admission
Level of consciousness upon discharge
Time since injury (yrs)

Participating

Non-participating

90
12 TBI (19%) 13 nTBI (48%)
70.8% male
78.5% TBI
M ¼ 12.6, SD ¼ 6.2 Range: 0.6–25.0
M ¼ 18.6, SD ¼ 6.3
VS ¼ 51%, MCS ¼ 49%
VS ¼ 0%, MCS ¼ 23%, CS ¼ 77%
M ¼ 7.5, SD ¼ 3.4 Range: 2.4–15.7

55
n.a.
72.7% male
74.7% TBI
M ¼ 13.3, SD ¼ 7.3 Range: 0.7–23.7
M ¼ 19.6, SD ¼ 8.6
VS ¼ 69%, MCS ¼ 31%
VS ¼ 4%, MCS ¼ 25%, CS ¼ 71%
M ¼ 7.9, SD ¼ 3.1 Range: 2.6–13.9
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VS, Vegetative State; MCS, Minimally Conscious State; CS, Conscious State.

Table IV. DRScat scores and GOSE scores of the surviving patients (n ¼ 65), individually for the traumatic
patients (TBI) and for the non-traumatic patients (nTBI) presented in number and in percentages per column.
DRScat
Level
8
7
6
5
4
3
2
Total

TBI
6
15
21
1
5
2
1
51

(11.7%)
(29.4%)
(41.2%)
(2.0%)
(9.8%)
(3.9%)
(2.0%)
(100%)

GOSE
nTBI

TBI

nTBI

0
2 (14.3%)
4 (28.6%)
1 (7.1%)
1 (7.1%)
4 (28.6%)
2 (14.3%)
14 (100%)

3 (5.9%)
12 (23.5%)
4 (7.8%)
4 (7.8%)
3 (5.9%)
25 (49.0%)
0
51 (100%)

0
0
0
1 (7.1%)
1 (7.1%)
8 (57.1%)
4 (28.6%)
14 (100%)

group and 48% of the nTBI group) were deceased.
Twelve patients (8%) had moved and could not be
located and 43 patients or their families (30%) did
not return the informed consent. The time between
injury and the determination of the long-term
functional outcome varied between 2.4 and 15.7
years (M ¼ 7.2, Median ¼ 6.7, SD ¼ 3.3). The mean
age of the surviving patients was18.6 years (range
5–35, SD ¼ 6.3), and 71% were male.
The main characteristics of the participating
patient group (n ¼ 65) and the non-participating
patient group (n ¼ 55) were compared to investigate
whether the groups differed (see Table III).
No differences in the two groups were found in
age (t(118) ¼ 0.72; p ¼ 0.47), time since injury
(t(118) ¼ 0.49; p ¼ 0.63), cause of injury (TBI vs.
p ¼ 0.61),
or
gender
nTBI)
(2ð1Þ ¼ 0:26;
2
(ð1Þ ¼ 0:06; p ¼ 0.81). Further analysis showed no
association between group membership (participating vs. non-participating) with level of consciousness at admission (VS or MCS) (2ð1Þ ¼ 1:45,
 ¼ 0.11, p ¼ 0.23), nor with the level of consciousness upon discharge (VS, MCS, or CS) (2ð2Þ ¼ 2:58,
 ¼ 0.15, p ¼ 0.28). Therefore, with regards to
different essential aspects related to functional
capacities, the studied group was representative for
the total population that participated in EINP.

Long-term outcome
The mean DRS-score of the total group, including
the deceased (n ¼ 90) was 13.4 (SD ¼ 11.8). For the
surviving group (n ¼ 65) the mean DRS-score was
6.8 (SD ¼ 6.6), for the TBI patients (n ¼ 51) it was
5.4 (SD ¼ 5.3), and for the surviving nTBI patients
(n ¼ 14) the score was 12.1 (SD ¼ 8.1). The mean
GOSE-score of the total group was 3.5 (SD ¼ 2.1).
For the surviving group (n ¼ 65) the mean GOSEscore was 4.5 (SD ¼ 1.7), for the TBI patients
(n ¼ 51) it was 4.9 (SD ¼ 1.7), and for the surviving
nTBI patients (n ¼ 14) the score was 3.3 (SD ¼ 0.9).
Table IV shows the distribution of the scores on
the DRScat and on the GOSE. There was a
significant difference between the TBI and the
nTBI patients on both the DSRcat (t(88) ¼ 4.36;
p < 0.01) and the GOSE (t(88) ¼ 4.37; p < 0.01). The
TBI group, with 83.3% of the cases in the upper
three categories of the DRScat, scored clearly better
compared to the nTBI group (only 42.9% in the
upper three categories).
Comparison between scores on the DRS and GOSE
The distribution of the scores over the categories
differed between the GOSE and the DRScat. On the
DRS the majority of the patients scored in the upper
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8
7

DRScat

6
5
4
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Figure 1. Scatter plot of the scores on the GOSE and on the DRScat, with a cubic curve fitted to the data. An open dot represents one case;
the number of lines connected to the other dots represents the total number of cases.

three levels, whereas on the GOSE the majority of
the patients scored in the lower three levels,
especially in level 3.
The correlation between the DRS and the GOSE
was high (Spearman rho ¼ 0.84; p < 0.01), as well
as the correlation between the DRScat and the
GOSE (Spearman rho ¼ 0.81; p < 0.01). As Figure 1
shows, the scores on the DRScat seemed to be more
differentiated in the lower levels of functioning,
whereas the GOSE-scores were more differentiated
in the upper levels of functioning. Level 6 (containing 25 patients) and level 7 (containing 17
patients) of the DRS were differentiated in six
GOSE levels, and in return, level 3 (containing 33
patients) of the GOSE was differentiated in six DRS
levels. Although there was a clear linear trend in the
data (R2 ¼ 0.47), a cubic curve fitted the data better
(R2 ¼ 0.58; test for significance of the difference:
F(2,61) ¼ 6.14, p ¼ 0.00).

Table V. Distribution of the traumatic (TBI) and the nontraumatic (nTBI) patients on Item 7 (functionality) of the DRS.
Level
Completely independent
Independent in a
particular environment
Mildly dependent
Moderately dependent
Noticeably dependent
Totally dependent
Total

TBI

nTBI

13 (25.5%)
4 (7.8%)

1 (7.1%)
0

9
8
8
9
51

(17.6%)
(15.7%)
(15.7%)
(17.6%)
(100%)

1
3
2
7
14

(7.1%)
(21.4%)
(14.3%)
(50%)
(100%)

or totally dependent. A majority of 64% of the nTBI
patients was noticeably or totally dependent.
Table VI shows the distribution of the scores for
both groups among the four levels of the employability item 8 of the DRS, indicating that almost half
of the surviving TBI group was able to participate in
work or school activities, compared to one quarter of
the nTBI group.

Functionality and employability/educationability
The scores on the two separate items of the DRS
concerning functionality (item 7) and employability/
educationability (item 8) showed considerable variations. In particular the variance on item 7 in the TBI
group was high (see Table V). The scores were more
or less equally distributed among the six categories,
showing that one third of the TBI patients were
moderately independent, one third were mildly or
moderately dependent and one third were noticeably

Discussion
This study describes the long-term outcome of
children and young adults with severe brain injury
who had been in a vegetative state or a minimally
conscious state for a considerable period. The results
showed that, though full recovery is rare, the
majority of patients eventually reached a (semi-)
independent level of functioning. For the patients
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Table VI. Distribution of the traumatic (TBI) and the nontraumatic (nTBI) patients on Item 8 (employability/educationability) of the DRS.
Level
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Not restricted
Selected competitive jobs/can
perform most school tasks
on a regular basis
Sheltered non-competitive
workshop/requires
assistance for all school tasks
Not employable/
education is not possible
Total

TBI

nTBI

6 (11.8%)
16 (31.4%)

0
4 (28.6%)

22 (43.1%)

4 (28.6%)

7 (13.7%)

6 (42.9%)

51 (100%)

14 (100%)

with traumatic brain injury 37% (GOSE) to 82%
(DRS) recovered to partly or total independency.
Forty-three percent were able to perform substantial
work or accomplish most or even all school tasks
without help. No TBI-patients seemed to be in VS
several years after injury. When we compare the
results of this study to the results of our discharge
study concerning the same population [17], we can
conclude that almost all the patients who were in a
vegetative state upon discharge from EINP died in
the period following release. Also, approximately one
quarter of the patients in MCS deceased. It can be
assumed that most of them were in the lowest level
of the MCS, the transitional state. Eventually almost
50% of the nTBI patients died, compared to 12% of
the TBI patients. The more encouraging outcome of
TBI patients is in full accordance with other
outcome studies [3], and with our expectations.
Furthermore, one can conclude that patients who
are still in VS 12 months after injury are likely to die
within a couple of years.
To assess the effect of a treatment programme
like EINP, a controlled group study design is
needed. In this study, there were no possibilities
to execute such a study design. Nevertheless, it is
wished for to compare the results of this study with
the results of earlier outcome studies, although
differences in study design and sample characteristics will exist. In doing so, it appears that some of
the results of this study suggest that more TBIpatients than presumed recovered to a reasonable
level of independence. Firstly, at admission to EINP
none of the patients had an indication for rehabilitation with a poor prognosis for substantial
recovery, however eventually 50–67% of all traumatic patients reached a level of at least partial
independence. Of the 25 patients who were in VS
for three months or more, 11 (44%) reached this
level. This is substantially more than described by
Kriel et al. [36]. They studied a cohort of 188
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young patients (0–20 years) who suffered a severe
brain injury, of whom 60 were in VS for more than
90 days. Kriel et al. found that 1–20 years
(Median ¼ 8 years) after trauma, only 10% of the
patients were verbal communicators and 30% had
reached some level of motor independency.
Secondly, comparing the results of this study with
the earlier mentioned calculations of recovery
probability made by the Multi-Society Task Force
(MSTF) [2, 3], and with the results of the study of
Groswasser and Sazbon [13, 14], in our study the
long-term outcome of patients who suffered a
traumatic brain injury seems to be more encouraging, therefore indicating possible therapeutic
effects of the early intensive neurorehabilitation
programme. The MSTF calculated a probability
of 30% remaining in a vegetative state with an
estimated survival of 7.4 years (1.8) for children
7–18 years old [3]. In our study none of the TBIpatients were in a vegetative state within one year of
the injury. Groswasser and Sazbon found that 11%
of patients who were unconscious for more than one
month were able to resume working in the open job
market and 49% were engaged in sheltered noncompetitive workshops [13]. In this study these
percentages were respectively 43 and 43.
In this study, half of the patients were classified
in the ‘lower severe disability’ category of the
GOSE, mainly because they needed some kind of
physical help during daily life. In scoring the GOSE
it is not possible to take into account the level of
mental independence. As it is generally accepted
nowadays that social participation is a function of
mental capacities rather than of physical capacities,
it seems worthwhile to use other measures for the
classification of the level of disability. In this study
especially item 7 of the DRS, which requests
functional independency, showed a substantial
variation in the scores. Demonstrating that in the
studied population, the level of functioning is more
diverse than the results of the GOSE suggested.
The use of the DRS as a whole, and item 7
especially, can contribute to a better insight in the
need for different kinds of specialized facilities and
care. This is in accordance with the latest views
regarding what is important in the long-term care
for persons with severe brain injury. For example,
Lollar et al. underlined the use of outcome
measures in children and young adults which reflect
the dimensions of the International Classification of
Functions (ICF), in terms of functions, capabilities
and participation [37]. As we have demonstrated,
the DRS offers more possibilities to do so than the
GOSE and should preferably be used in long-term
outcome studies in young patients with severe
brain injury.
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Limitations

Acknowledgements

The dropout rate in this long-term outcome study
was considerable. However, compared to other
studies, the participation in this study was relatively
high [38], possibly because we asked cooperation and
participation of family members as a replacement for
of the patients themselves. Furthermore, the results
showed that the studied group did not differ
significantly in important injury and demographic
variables from the group of patients that did not
participate. All in all, the effects of the dropout rate on
the results seem to be negligible.
The time since injury varied widely in this study:
between 2.4 and 15.7 years. The longer the time, the
greater the possibilities that all kinds of other life
events have had influence on the recovery process.
This might result in a lessening, but also in a
worsening of the effects of brain injury per se. It is
not possible to control this variability. Only in a
prospective longitudinal study fixed measure points
are possible, but even then, life events will differ
amongst participants, making it difficult to control.
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Conclusions
In conclusion, this study proved that patients who
suffered a severe traumatic brain injury might have
reasonable chances for long-term independency,
when early intensive neurorehabilitation is applied
even when the patient is still in an unconscious state.
It is supposed that the application of a structured
early intensive neurorehabilitation programme
contributed to the recovery. Patients with a nontraumatic brain injury who were in a vegetative state
for more than two months did not demonstrate these
possibilities for long-term recovery.
The comparison between the GOSE and the DRS
of measuring the long-term level of social participation showed that the DRS has advantages above the
GOSE in patients with severe brain injury. Especially
the single items concerning functionality (item 7)
and employability/educationability (item 8) were
able to differentiate between different levels.
Suggestions for future research are, above all, longitudinal prospective multi-centre outcome studies
in which severe brain-injured patients are followed
from admittance in the hospital up until five to ten
years after the injury.

Competing interests
HE was the clinical psychologist of most of the
patients during their treatment period at the
rehabilitation centre, but had no contact with them
in this study.
No other competing interests were present.

References
1. Gray DB, Hendershot GE. The ICIDH-2: Developments for
a new era of outcomes research. Archives of Physical
Medicine and Rehabilitation 2000;81(Suppl. 2):S10–S14.
2. Multi-Society Task Force on Persistent Vegetative State.
Medical aspects of the persistent vegetative state (first of two
parts). The New England Journal of Medicine
1994;330:1499–1508.
3. Multi-Society Task Force on Persistent Vegetative State.
Medical aspects of the persistent vegetative state (second of
two parts). The New England Journal of Medicine
1994;330:1572–1579.
4. Doman RJ, Spitz EB, Zucman E, Delacato CH, Doman G.
Children with severe brain injuries, neurological organization
in terms of mobility. Journal of the American Medical
Association 1960;174:257–262.
5. Giacino JT, Zasler ND, Katz DI, Kelly JP, Rosenberg JH,
Filley CM. Development of practice guidelines for assessment and management of the vegetative and minimally
conscious states. Journal of Head Trauma Rehabilitation
1997;12:79–89.
6. Stewart DG, Miller MA, Cifu DX. The role of subacute
rehabilitation services after brain injury. NeuroRehabilitation
1998;10:13–23.
7. Stucki G, Stier-Jarmer M, Grill E, Melvin J. Rationale and
principles of early rehabilitation care after an acute injury or
illness. Disability and Rehabilitation 2005;27:353–359.
8. Whyte J. Using treatment theories to refine the designs of
brain injury rehabilitation treatment effectiveness studies.
Journal of Head Trauma Rehabilitation 2006;21:99–106.
9. Gray DS. Slow-to-recover severe traumatic brain injury: A
review of outcomes and rehabilitation effectiveness. Brain
Injury 2000;14:1003–1014.
10. Lombardi F, Taricco M, Tanti A de, Telaro E, Liberati A.
Sensory stimulation for brain injured individuals in coma or
vegetative state (Cochrane Review), in The Cochrane
Library, Issue 1, 2003. Oxford: Update Software. pp 1–11.
11. Gray DS, Burnham RS. Preliminary outcome analysis of a
long-term rehabilitation program for severe acquired brain
injury. Archives of Physical Medicine and Rehabilitation
2000;81:1447–1456.
12. Sörbo A, Rydenhag B, Sunnerhagen KS, Blomqvist M,
Svensson S, Emanuelson I. Outcome after severe brain
damage, what makes the difference? Brain Injury
2005;19:493–503.

Brain Inj Downloaded from informahealthcare.com by Odense Universisteshospital on 04/25/10
For personal use only.

Long-term outcome in brain-injured youngsters of early intensive neurorehabilitation
13. Groswasser Z, Sazbon L. Outcome in 134 patients with
prolonged posttraumatic unawareness. Part 2: Functional
outcome of 72 patients recovering consciousness. Journal of
Neurosurgery 1990;72:81–84.
14. Sazbon L, Groswasser Z. Outcome in 134 patients with
prolonged posttraumatic unawareness; Part 1: Parameters
determining late recovery of consciousness. Journal of
Neurosurgery 1990;72:75–80.
15. Mailhan L, Azouvi P, Dazord A. Life satisfaction and
disability after severe traumatic brain injury. Brain Injury
2005;19:227–238.
16. Wells R, Dywan J, Dumas J. Life satisfaction and distress in
family caregivers as related to specific behavioural changes
after traumatic brain injury. Brain Injury 2005;19:1105–1115.
17. Eilander HJ, Wijnen VJM, Scheirs JGM, Kort PLM de,
Prevo AJH. Children and young adults in a prolonged
unconscious state due to severe brain injury: Outcome after
an early intensive neurorehabilitation programme. Brain
Injury 2005;19:425–436.
18. Jennett B, Snoek J, Bond MR, Brooks N. Disability after
severe head injury: Observations on the use of the glasgow
outcome scale. Journal of Neurology, Neurosurgery &
Psychiatry 1981;44:285–293.
19. Wilson JTL, Pettigrew LEL, Teasdale G. Structured interviews for the glasgow outcome scale and the extended
glasgow outcome scale: Guidelines for their use. Journal of
Neurotrauma 1998;15:573–585.
20. Rappaport M, Hall KM, Hopkins K, Belleza T, Cope DN.
Disability rating scale for severe head trauma: Coma to
community. Archives of Physical Medicine and
Rehabilitation 1982;63:118–123.
21. Lehtonen S, Stringer AY, Millis S, Boake C, Englander J,
Hart T, High W, Macciocchi S, Meythaler J, Novack T, et al.
Neuropsychological outcome and community re-integration
following traumatic brain injury: The impact of frontal and
non-frontal lesions. Brain Injury 2005;19:239–256.
22. Bullinger M and TBI Consensus Group. Quality of life in
patients with traumatic brain injury – basic issues, assessment
and recommendations. Restorative Neurology and
Neuroscience 2002;20:111–124.
23. Testa JA, Malec JF, Moessner AM, Brown AW. Outcome
after traumatic brain injury: Effects of aging on recovery.
Archives of Physical Medicine and Rehabilitation
2005;86:1815–1823.
24. Bullock RM, Merchant RE, Choi SC, Gilman CB,
Kreutzer JS, Marmarou A, Teasdale GM. Outcome measures
for clinical trials in neurotrauma. Neurosurgical Focus
2002;13:1–11.
25. Jennett B, Bond M. Assessment of outcome after severe brain
damage. The Lancet 1975;1:480–483.

61

26. Hall K, Nathan DN, Rappaport M. Glasgow Outcome Scale
and Disability Rating Scale: Comparative usefulness in
following recovery in traumatic head injury. Archives of
Physical Medicine and Rehabilitation 1985;66:35–37.
27. Teasdale G, Jennett B. Assessment of coma and
impaired consciousness. A practical scale. The Lancet
1974;2:81–84.
28. Eilander HJ, Wiel M vd, Wijers M, Heugten CM v, Buljevac
D, Lavrijsen JCM, Hoenderdaal PL, Heide L vd, Wijnen
VJM, Scheirs JGM, et al. The reliability and validity of the
PALOC-s: A Post-Acute Level of Consciousness scale for
assessment of patients with prolonged disturbed consciousness after brain injury. In preparation.
29. Hall KM, et al. Functional measures after traumatic
brain injury: Ceiling effects of FIM, FIMþFAM, DRS, and
CIQ. Journal of Head Trauma Rehabilitation 1996;11:
27–39.
30. Hammond FM, et al. Long-term recovery course after
traumatic brain injury: A comparison of the functional
independence measure and disability rating scale. Journal of
Head Trauma Rehabilitation 2001;16:318–329.
31. McKevitt C, Dundas R, Wolfe C. Two simple questions to
assess outcome after stroke: A European study. Stroke
2001;32:681–686.
32. The center for outcome measurement in brain injury.
Glasgow Outcome Scale. 2000 [cited 2000 02–03].
Available from: http://www.tbims.org/combi/gos/
33. The center for outcome measurement in brain injury.
Extended Glasgow Outcome Scale. 2002 [cited 2002
20–03]. Available from: http://www.tbims.org/combi/gose/
index.html
34. Gouvier WD, Blanton PD, LaPorte KK, Nepomuceno C.
Reliability and validity of the disability rating scale and the
levels of cognitive functioning scale in monitoring recovery
from severe head injury. Archives of Physical Medicine and
Rehabilitation 1987;68:94–97.
35. The center for outcome measurement in brain injury.
Disability Rating Scale (DRS). 2000 [cited 2000 02–03].
Available from: http://www.tbims.org/combi/drs/
36. Kriel RL, Krach LE, Jones-Saete C. Outcome of children
with prolonged unconsciousness and vegetative states.
Pediatric Neurology 1993;9:362–368.
37. Lollar DJ, Simeonsson RJ, Nanda U. Measures of outcomes
for children and youth. Archives of Physical Medicine and
Rehabilitation 2000;81(Suppl. 2):S46–S52.
38. Corrigan JD, Harrison-Felix C, Bogner J, Dijkers M,
Terrill MS, Whiteneck G. Systematic bias in traumatic
brain injury outcome studies because of loss to follow-up.
Archives of Physical Medicine and Rehabilitation 2003;84:
153–160.

