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Abstract.
AIMS: To explore the course of recovery of consciousness and factors predicting the outcome of severe brain injury with a
prolonged period of unconsciousness in children and young adults receiving a specialized rehabilitation treatment, the Early
Intensive Neurorehabilitation Programme (EINP).
METHODS: A cohort of forty-four patients aged 1.6–25.5 years (M = 16.0) with traumatic acquired brain injury (TBI) or non-
traumatic acquired brain injury (nTBI) were examined using the Western Neuro Sensory Stimulation Profile every two weeks,
from the application for EINP until discharge. The level of consciousness was assessed with the Post-Acute Level of Conscious-
ness Scale, and the level of disability was determined by the Disability Rating Scale. Long-term level of disability of all TBI
patients (N = 32) was assessed between 2.0 and 4.4 years after discharge from EINP.
RESULTS: Two-thirds of all patients recovered to consciousness. Three recovery patterns were identified: remaining in a veg-
etative state (VS), slow recovery of consciousness, and fast recovery of consciousness. In the long-term, 11 of the TBI patients
were severely disabled, 13 were moderately disabled, and 4 were mildly disabled. All TBI patients who were in VS at discharge
either had deceased, or recovered to a very severely disabled state.
CONCLUSIONS: Three recovery patterns identified in an early stage after starting EINP made it possible to predict long-term
level of disability.

Keywords: Brain injury, level of consciousness, long-term outcome, paediatric rehabilitation, minimally conscious state, vegeta-
tive state
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1. Introduction

Recovery of consciousness of young patients who
remain unconscious for at least one month after se-
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vere brain injury is uncertain [1]. In 1994, the Multi-
Society Task Force (MSTF) on the persistent vegeta-
tive state used earlier outcome research and calculated
recovery percentages at 12 months after injury of be-
tween 13% (in children with non-traumatic brain in-
jury, nTBI) and 62% (in children with traumatic brain
injury, TBI) [2,3]. As no comparable studies have been
published since then, these percentages are still the ac-
cepted standards [4]. In the meantime, thinking about
the vegetative state (VS) has changed dramatically,
with two studies describing different levels of con-
sciousness, especially in the post-acute phase. The In-
ternational Working Party on the Management of the
Vegetative State in 1996 introduced the concept of the
“low awareness state” (LAS) [5], whereas the 1997
Aspen Workgroup on the Vegetative and Minimally
Conscious States introduced the “minimally conscious
state” (MCS) [6], Distinguishing between these differ-
ent levels of consciousness is one of the key issues in
assessing recovery and predicting outcome. Although
these studies resulted in consensus among rehabilita-
tion specialists in the United States about the defini-
tion and diagnostic criteria of the MCS [7], there are
no unique and globally accepted definitions of VS and
MCS [4,8].

In addition, it is still unclear as to whether any treat-
ment in the post-acute phase can contribute to the re-
covery of consciousness [9]. In a review on the re-
habilitation of patients in VS and MCS, Elliott and
Walker [10] presented some arguments regarding early
therapeutic interventions. The human brain is now
known to show greater plasticity than ever thought, and
studies have found that a larger number of patients re-
covered than expected [11]. Early interventions have
been associated with better outcomes in severely brain-
injured patients, and intensive specialist rehabilitation
programs have been shown to be both effective and
cost-effective in the long-term [12]. Andrews stated
that the rehabilitation of persons with profound brain
damage requires the skills of a truly interdisciplinary
team [13], which must be appropriately trained [14].
The ultimate evidence for the effectiveness of rehabil-
itation versus no treatment, however, is lacking [10].

An important question is whether it is possible to
predict at an early stage what level of recovery can be
achieved in vegetative or minimally conscious patients,
in order to facilitate appropriate and timely referral to
a specialist rehabilitation unit [15]. Aspects to be stud-
ied as possible predictors include injury characteris-
tics [16], the initial Glasgow Coma Scale score [15,17],
the time spent in the intensive care unit (ICU) [18], and
the level of consciousness at different moments.

In the Netherlands, an Early Intensive Neuroreha-
bilitation Programme (EINP) for children and young
adults in a prolonged vegetative or minimally con-
scious state after severe brain injury has been pro-
vided since 1987. EINP is a multidisciplinary and mul-
tifaceted program, aiming at the recovery of all facul-
ties of human functioning, but first of all at the recov-
ery of consciousness. A brief description of EINP is
presented in Appendix 1.

In an earlier study, we investigated retrospectively,
based on medical files, the outcome of 145 patients
who received EINP [19]. The study found that almost
two-thirds of the patients had attained full conscious-
ness at discharge. The outcome at discharge correlated
with the level of consciousness at admission, the eti-
ology, and the interval since injury. The present study
is a prospective longitudinal observational study to ex-
plore the development of the level of consciousness in
a cohort of patients receiving EINP, giving rise to the
following research questions:

– What is the course of recovery of consciousness
during EINP in the total group (TBI plus nTBI)?

– Can recovery of consciousness in the total group
(TBI plus nTBI) be predicted by any of the vari-
ables studied?

– What is the long-term level of disability of the
TBI patients?

– Can the level of long-term disability of the TBI
patients be predicted?

As far as we know, this is the first study to longitu-
dinally follow a cohort of unconscious young patients
who received a rehabilitation program aiming at the re-
covery of consciousness.

2. Methods

2.1. Patients

The participants in this study were all patients (n =
44) admitted to EINP between January 2001 and
September 2003. Criteria for admission to EINP were:
acquired brain injury, age 0–25 years at the time of
application for EINP, within 6 months of injury, and
having a Post-Acute Level Of Consciousness scale
(PALOC-s) [20] score (Pa) � 6 at admission.

In view of the heterogeneity of the small group of 12
nTBI patients and to ensure comparability with other
studies, the long-term outcome study was restricted to
the TBI patients (N = 32). As a consequence, some
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analyses are related to 44 patients and some to 32 pa-
tients.

One patient was receiving neurostimulants at the
time of the last 4 of the 6 measurements. Most pa-
tients were receiving various other medications (anti-
epileptics, anti-depressants, sedatives, hypnotics, etc),
which may influence brain functioning. In view of the
individual differences it was not possible to control for
the effects of these influences.

2.2. Procedures

The study had a one-group repeated measures de-
sign. Patients were examined in the hospital by the
first author within one week after EINP was applied
for, and then again every two weeks until admission
to EINP. In some instances, the time between appli-
cation for and admission to EINP was too short to al-
low the patients to be visited at the hospital. The ex-
amination was repeated two or three days after admis-
sion to EINP, and then repeated every two weeks un-
til discharge from EINP. The examination during EINP
took place in a quiet room with a constant tempera-
ture (23 ± 1◦C), always at the same time of day (3:00
pm), immediately following the afternoon resting pe-
riod. Depending on their condition, patients were ex-
amined either sitting in an upright position in bed or
sitting in a wheelchair. The examination followed the
protocol of the Western Neuro Sensory Stimulation
Profile (WNSSP [21]). This protocol was developed to
examine severely impaired brain-injured patients with
diminished consciousness, and can be used for clinical
evaluation as well as for the study of recovery patterns.
The WNSSP consists of 33 items, examining a broad
range of behaviours: arousal and attention, expressive
communication, and responses to auditory, visual, tac-
tile and olfactory stimulation. At the end of each ex-
amination, the level of consciousness (LoC) and the
level of disability (LoD) were established by scoring
the outcome scales.

We also recorded demographic data, the initial Glas-
gow Coma Scale score [17] at admission to the hospital
(iGCS), and the length of stay at the ICU.

The long-term level of functioning of all TBI pa-
tients was established by interviewing one of the near-
est family members (usually a parent) by telephone,
administering the Disability Rating Scale (DRS). This
interview was performed by a physiatrist who had no
information about the patients apart from their name,
gender and age.

2.3. Measures

2.3.1. Post-acute level of consciousness scale
(PALOC-s)

Assessment of the level of consciousness was con-
ducted by using the Post-Acute Level of Conscious-
ness scale (PALOC-s), which was developed and eval-
uated in the research project of which this study is a
part [20]. PALOC-s has been found to be reliable and
valid. It involves eight hierarchal states: Coma (P1),
VS hypo-reactive (P2), VS reflexive (P3), VS highly
active or reactive (P4), MCS transitional state (P5),
MCS inappropriate (P6), MCS appropriate (P7), and
Consciousness (P8), giving rise to scores ranging from
1 to 8. Each level is characterised by three to four short
descriptive sentences [20].

2.3.2. Disability Rating Scale (DRS)
The Disability Rating Scale (DRS) was used as a

measure to establish the global level of disability dur-
ing EINP as well as in the long-term. The DRS has
been developed for quantitative assessment of the dis-
ability level of patients with severe brain injury [22].
The DRS consists of eight items, which are summed
to provide an overall score from 0 (no disability) to 29
(extremely vegetative). A score of 30 is given when
a patient has died. The DRS has been recommended
as one of the most appropriate instruments to assess
the long-term outcome of severely brain-injured pa-
tients [22–24].

In this paper, we differentiate between the DRS
scores collected together with the PALOC-s during
EINP and the DRS scores collected from the TBI pa-
tients in the long-term by referring to the latter as
“DRS long-term”.

2.4. Analyses

To enable the DRS long-term scores to be compared
with results of earlier studies, the raw DRS scores were
collated into eight category scores [23]. This option
of categorisation was already proposed in the origi-
nal publication presenting the DRS, by Rappaport et
al. [22], and was found to be almost as reliable as using
the raw scores [25].

Frequency tables were used to describe the popula-
tion and the outcome scores. Distribution plots were
used to present scores graphically. Correlation coef-
ficients were calculated by means of the Spearman-r
correlation coefficient, due to the limited number of
patients. Age differences, as well as the differences
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in ‘Time between injury and admission to EINP’ and
the ‘Length of stay in EINP’ between the TBI group
and the nTBI group, were tested by means of a t-test.
The mean levels of consciousness at admission for the
three outcome groups were compared by means of the
Kruskal-Wallis test, followed by a pairwise posthoc
test with Bonferroni correction to determine the nature
of the differences.

Separate multilevel regression analyses were car-
ried out for the PALOC-s and DRS, using gender, age,
cause of injury, treatment, and time since discharge
from the ICU as explanatory variables. Cause of in-
jury was defined as “TBI” versus “nTBI”, and treat-
ment was defined as “not yet admitted to EINP”, which
included the first assessment at two or three days af-
ter admission to EINP, versus “participating in EINP”,
thus differentiating between patients’ scores before
and during the rehabilitation program. The regression
coefficients of gender, age, cause, and treatment were
treated as fixed effects. The coefficient of time and the
constant regression coefficient were treated as random
effects. A random constant regression coefficient al-
lows the consecutive measurements of the dependent
variable for the same individual to be correlated. The
random regression coefficient of time allows the de-
velopment of the dependent variable over time to be
subject-specific.

Data were analysed with the Statistical Package for
the Social Sciences (IBM SPSS 2010). Alpha was set
at 0.05.

3. Results

3.1. Patients characteristics

The main characteristics of all patients consecu-
tively admitted to EINP in the study period are pre-
sented in Table 1. Most patients had suffered traumatic
brain injury (n = 32; 73%). The mean initial GCS at
hospital admission was 4.8. The initial GCS of 5 nTBI
patients was unknown or not scored.

The mean age of the patients at the time of injury
was 16.0 years (median = 18.1 years, range 1.6–25.5).
There was a significant difference in age between the
TBI patients (mean age = 18.4 years) and the nTBI pa-
tients (mean age = 9.4 years) (t-test = 3.99; p < 0.01).
Twenty-eight of the patients (63.6%) were male. All
but two of the patients were admitted to EINP within
6 months after injury (median = 2.1 months; range =
0.8–6.6). Two patients exceeded the criterion of being
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Fig. 1. Distribution of the PALOC-s scores of the two subgroups
(TBI and nTBI) at discharge from EINP.

admitted within 6 months, by 20 and 9 days, respec-
tively, because of a long waiting list (111 and 68 days,
respectively). There was no significant difference in
number of days between injury and admission to EINP
between the TBI patients and the nTBI patients.

Patients were discharged from EINP when they had
regained consciousness according to the rehabilitation
team, or when no further recovery of the level of con-
sciousness was observed over a 4–6 week period. The
TBI group stayed significantly more days in EINP
compared to the nTBI-group (t = 2.50; p = 0.02)

3.2. Level of consciousness

As can be seen in Fig. 1, the distribution of PALOC-
s scores at discharge was U-shaped. Most of the pa-
tients (54.5%) recovered to PALOC-s level 7 (consis-
tent minimally conscious level) or 8 (conscious). Al-
most a quarter (22.7%) of the patients remained ex-
tremely vegetative (PALOC-s level 2), and an equal
proportion (22.7%) was distributed over the PALOC-s
categories P3 to P6. The U-shaped pattern was found
only for the group of TBI patients. The outcome in the
nTBI group was more or less equally distributed over
the PALOC-s categories.

All TBI patients with a score of P4 (VS highly re-
active) or higher on the PALOC-s at admission recov-
ered to PALOC-s level P7 or P8 (MCS appropriate or
conscious). In the nTBI group, the only patient who
scored P4 on the PALOC-s at admission did not attain
PALOC-s level P7 or P8, because of an evolving un-
stable neurological condition due to a brain tumour. Of
the 22 TBI patients who had a PALOC-s score of P3 or
less at admission, 10 recovered to PALOC-s level P7 or
P8. Of the eight nTBI patients with a PALOC-s score
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Table 1
Demographic characteristics

TBI (n = 32) nTBI (n = 12)
Cause

Traffic 30 (94%) Cardiac arrest 2 (17)
Other 2 (6) Near-drowning 3 (25)

Stroke 3 (25)
Other 4 (33)

Age at admission to EINP
0–5 years 2 (6) 5 (42)
6–10 2 (6) 2 (17)
11–15 2 (6) 3 (25)
16–20 13 (41) 1 (8)
21–25 13 (41) 1 (8)
Mean age (SD)** 18.4 years (6.1) 9.4 years (6.9)

Gender
Male/Female 21/11 (66/34) 7/5 (58/42)

GCS1 at hospital admission
Mean (SD) 4.5 (1.3) 4.3 (1.3)
Unknown 0 8 (67)

Length of stay at ICU2 in days
Mean (SD) 33 (26.7) 20 (18.0)
Unknown 0 1

LoC3 at admission to EINP
Vegetative state 24 (75) 9 (75)
Minimally conscious state 8 (25) 3 (25)

Time between injury and admission to EINP in days
Mean (SD) 72 (39) 68 (23)

Length of stay at EINP in days
Mean (SD)* 109 (39) 81 (30)

*p < 0.05, **p < 0.01. 1GCS = initial Glasgow Coma Scale score at time of injury. 2ICU = Intensive Care Unit. 3LoC = Level of conscious-
ness.

of P3 or less at admission, only one attained PALOC-s
level P7.

Related to the initial PALOC-s score at admission,
there were no significant differences in LoD (DRS) at
discharge between the TBI patients and the nTBI pa-
tients (Z = −1.13, p = 0.26).

3.3. Course of recovery

The course of recovery was determined by exam-
ining recovery rates. Figure 2 shows three different
courses of recovery. First, we identified all patients
who remained in a vegetative state (Remaining vegeta-
tive). This was the case for 12 of the 44 patients. Sec-
ondly, we identified all patients who were discharged
before the 12th week after admission (Fast recovery of
consciousness), which is the time in EINP when the
regular progress evaluation is scheduled. This was the
case for 11 of the 44 patients. All but one of these
patients recovered relatively quickly to consciousness
or to a consistent minimally conscious level, and were
discharged to a regular rehabilitation program. Finally,
all other patients (Slow recovery of consciousness, 21

of the 44) generally showed a slow recovery rate, and
some of them remained in a minimally conscious state
(PALOC-s level P5 or P6) not sufficient for further re-
habilitation. The lowest PALOC-s score in this group
rose quickly between measurement 8 (8 weeks after
admission) and measurement 10 (12 weeks after ad-
mission). The number of patients with low PALOC-s
scores in this “Slow recovery of consciousness” group
decreased rapidly during the first 6 weeks of admission
to EINP: 7 of the 20 patients were scored as level P2 at
admission, compared to 3 of the 21 patients at 6 weeks
after admission.

Figure 2 further shows that the three groups gen-
erally differed in mean PALOC-s scores at admis-
sion: the “Remaining vegetative” group had a mean
PALOC-s score of 2.2 (range 1–3), the “Slow recovery
of consciousness” group had a mean PALOC-s score
of 3.2 (range 2–6) and the “Fast recovery of conscious-
ness” group had a mean PALOC-s score of 4.2 (range
2–6). These differences between the three groups were
significant (Kruskal-Wallis test χ2 = 9.86; df = 2;
p < 0.01). A pairwise posthoc analysis with Bonfer-
roni correction revealed that the “Remaining vegeta-
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before admission. Not all patients participated. 
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EINP, on the second or third day. One patient 
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Fig. 2. Distribution of the levels of consciousness assessed using PALOC-s in all repeated measurements over time, and the corresponding linear
regressions, in three different outcome groups. Each triangle represents one measurement of one patient.

tive” group performed significantly worse at admission
than the “Fast recovery of consciousness” group (p =
0.018) and also, but not significant, compared to the
“Slow recovery of consciousness” group (p = 0.057).
The difference in LoC at admission between the two
groups of patients who eventually regained conscious-
ness (i.e. “slow recovery of consciousness” and “fast
recovery of consciousness” groups) was not significant
(p = 0.345).

3.4. Prediction of the recovery course during EINP

The results of the multilevel regression analysis
showed positive associations between “Time since dis-
charge from ICU” and the PALOC-s scores (BE 0.03;
p < 0.01), as well as the DRS scores (BE −0.07; p <
0.01), indicating that the percentage of patients recov-

ering consciousness increases over time. None of the
other variables we included (gender, age, cause and
treatment) had any significant predictive effect (p >
0.05) (see Table 2).

Further visual analysis showed large inter-individual
differences with respect to the time course of the
PALOC-s and the DRS, implying that although the as-
sociation we found may apply to the cohort, it is im-
possible to predict the outcome for each individual pa-
tient based on the time course.

3.5. Long-term level of disability

The long-term outcome of the TBI-patients was de-
termined between 2.0 and 4.4 years after discharge
(mean = 3.1 years).

The results show a peak of 13 patients for level 6
of the DRS long-term, which can be defined as mod-
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Table 2
Estimates of fixed effects from the multilevel analysis for PALOC-s
and the DRS (N = 44)

PALOC-s DRS
BE Se T BE Se T

Gender 0.09 0.47 0.20 −0.21 0.94 −0.22
Age 0.06 0.04 1.68 −0.10 0.07 −1.39
Cause 0.57 0.60 0.95 −0.55 1.19 −0.46
Treatment 0.28 0.14 1.60 −0.42 0.35 −1.22
Time 0.03 0.00 7.07* −0.07 0.01 −6.32*

*p < 0.01.
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Fig. 3. Frequencies of the DRS long-term category scores of the TBI
group (N = 32)

erately disabled [22]. The other 19 patients were more
or less equally distributed over five of the other cate-
gories (see Fig. 3). None of the patients were in the cat-
egories “vegetative” and “no disability”. Of the seven
patients who were in VS at discharge, four had since
died. The remaining three patients were categorized as
very severely disabled.

3.6. Prediction of long-term level of disability

To investigate whether the long-term level of func-
tioning can be predicted at an early stage, the raw
scores on the DRS long-term were correlated with the
initial Glasgow Coma Scale scores (iGCS), the length
of stay at the ICU (as indicators of injury severity), the
age at injury, and the levels of consciousness at EINP
admission and discharge as determined by means of
the PALOC-s. Table 3 shows that only the last two vari-
ables correlated significantly with the long-term scores
on the DRS (PALOC-s at admission r = −0.51 and
PALOC-s at discharge r = −0.79, respectively).

Table 3
Spearman correlation coefficients between predictor variables and
DRS long-term raw scores in TBI patients only (N = 32)

Correlation p-value
Initial GCS −0.21 0.25
Length of stay at ICU 0.28 0.17
Age −0.21 0.25
PALOC-s admission −0.51 < 0.01
PALOC-s discharge −0.79 < 0.01

4. Discussion

The aim of this study was twofold. The first objec-
tive was to investigate the course of recovery of all pa-
tients and the long-term level of dependency of the TBI
patients among a group of children and young adults
who remained unconscious for at least one month and
at most six months after severe brain injury and who
underwent an intensive neurorehabilitation program.
The second was to identify factors that could predict
recovery.

4.1. Course of recovery

At admission, three-quarters of the patients were in
a vegetative state. At discharge, two-thirds of the pa-
tients were conscious and could be admitted to a reg-
ular rehabilitation program. Boyer and Edwards [26],
describing a similar treatment program for children
and adolescents with TBI, found that of 83 patients
who were in VS after 3 months and 43% were still in
VS after one year. In the present study of 24 TBI pa-
tients who were in VS at admission, a comparable pro-
portion of patients (33%) remained in VS.

In a preliminary report, Melchers et al. [27] pre-
sented some results of a controlled, prospective, and
randomised study to investigate the effects of a two-
stage multimodal program applied to children and ado-
lescents with TBI. Starting with stimulation while the
patient was in a coma at the ICU, this was followed by
cognitive-neuropsychological rehabilitation as soon as
the patients regained consciousness. Although no di-
rect effects of the stimulation program were found, the
overall long-term outcome of the experimental group
was more favourable than that of the control group.

Recently, Liscio et al. [28] compared the out-
come of a cognitive-behavioural stimulation proto-
col for severely brain-damaged children in the post-
acute stage with a previously provided regular reha-
bilitation program. They found a significant improve-
ment in the level of consciousness in the experimen-
tal group compared to the control group. They con-
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cluded that the findings seemed to support their hy-
pothesis that multisensory stimulation combined with
cognitive-behavioural therapy would increase the rate
of spontaneous recovery. No follow-up data were col-
lected in this study.

Recovery in nTBI patients was generally less favou-
rable, in agreement with the chances of recovery calcu-
lated by the Multi-Society Task Force [3] and a more
recent case-controlled study [29]. In this study, one-
third of all nTBI patients regained full consciousness,
while one-third remained in VS and one-third were in
MCS at discharge.

In the long-term (2 to 5 years after injury), the ma-
jority (57%) of the TBI patients (16 of the 28 surviving
patients) were able to function partially or completely
independently. This percentage is somewhat higher
than the percentages found in the study by Boyer and
Edwards, where 27–43% achieved independence in ac-
tivities of daily living [26]. Lammi reported that 50%
of adults who were in MCS one month after TBI func-
tioned independently 2 to 5 years post injury [30]. Gia-
cino and Kalmar reported the same percentage of MCS
patients at 12 months post injury, while only 3% of the
VS patients attained this level of independence [31], It
is also important to note that 60% of all the patients
who remained in VS died within a few years. The re-
maining patients showed some recovery to a state of
extremely severe disability.

4.2. Prediction of recovery

In regards to the first research question, i.e. which
factors can predict recovery, the following conclusions
can be drawn.

Firstly, the level of consciousness at admission was
found to be highly predictive of recovery of conscious-
ness. In the present study, all patients in MCS (P5 or P6
on the PALOC-s) or in a VS highly active state (P4) re-
covered to consciousness. This finding is in agreement
with a recent study by Dolce et al. [32], who found that
the appearance of spontaneous motility and eye track-
ing (both aspects assessed in the PALOC-s) was signif-
icantly correlated with positive outcome.

Half of the patients who initially scored P2 (VS
hypo-reactive) or P3 (VS reflexive) on the PALOC-s
recovered to consciousness, while the other half did
not. Almost all patients who ultimately recovered to a
higher level of consciousness showed some recovery
within 6 weeks after admission to EINP.

Age, gender, initial Glasgow Coma Scale score, or
length of stay at the ICU were not correlated to de-

gree of recovery. This means that when a patient ulti-
mately proceeds from coma to VS, these types of in-
formation cannot be used to predict further recovery.
Multilevel regression analyses only showed a relation
between time since discharge from the ICU and the
level of consciousness, reflecting a gradual improve-
ment, rather than a sudden change in the level of con-
sciousness. It is not clear whether this reflects spon-
taneous recovery [33] or is triggered by the treatment
given.

The long-term level of functioning of the patients in
this study was significantly correlated with the level of
consciousness observed at admission, as well as at dis-
charge from EINP. No other variable correlated with
the long-term DRS scores. This result underlines the
importance of the PALOC-s as a clinical tool in pre-
dicting the long-term level of disability [20].

4.3. General

Compared to the authors’ earlier retrospective
study [19], the outcome of this prospective study was
somewhat less favorable, with 62% fully conscious at
discharge in the retrospective study versus 54% in this
study. The main cause of this difference was presum-
ably the higher proportion of patients in a VS at ad-
mission (43% versus 75%), since the initial level of
consciousness proved to be highly associated with the
level of consciousness at discharge. The general out-
come results in the present study seem somewhat better
than those found in historical data [2,3], and compara-
ble to the figures found after similar programs, when
age, the severity of the injuries, and the duration of the
unconscious state ate taken into account. However, it is
difficult to compare the studies due to possible differ-
ences in treatments and methodology.

The question whether EINP contributed to this find-
ing cannot be answered, however. We strongly rec-
ommend further investigations into the effects of such
neurorehabilitation programs.

4.4. Limitations

An important limitation of the present study is the
size of the group of patients studied (44) in relation to
the variety of causes of injury and to the age range,
which resulted in a heterogeneous study sample. We
acknowledge the large developmental range of the par-
ticipants and the possible confounding effect of age
versus etiology, but the sample size unfortunately does
not allow separate analyses for age groups.
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Although the number of patients in this study was
rather small, each patient was observed at several time
points so that the total number of observations for the
statistical analyses was 390. This number of observa-
tions ensures the reliability of the analyses.

One might question whether all discriminating vari-
ables were incorporated in this study. They were likely
not, as variables such as premorbid functioning, type
and size of injuries, initial treatments provided at the
ICU, or the influence of close relatives on recov-
ery [34] were not included due to lack of reliable infor-
mation. There is a chance, therefore, that the prediction
of recovery can be improved by incorporating one or
more of these variables.

We compared the rates of recovery before and af-
ter starting EINP, using PALOC-s scores determined
by the repeated measurements. This process was ham-
pered by the fact that few pre-treatment measurements
were available for most of the patients. Future outcome
research should include at least three measurements for
all patients at time points before treatment starts.

The DRS scores were collected by telephone inter-
view. Although this kind of data collection has been
found to be reliable [35–37], this has recently been
questioned [38]. We therefore cannot rule out that the
long-term level of functioning may be less (or more)
favorable than was reported by the respondents.

The conclusions of this study are only valid for
severely injured young patients. We investigated a pro-
gram meant for severely injured patients, and the study
included no moderately or mildly injured patients and
no patients over 25 years of age.

Only one patient received neurostimulants, which
reflects the timeframe in which the study was per-
formed. In the last 10 years the use of neurostimulants
in unconscious patients has grown (39) without clear
evidence of the effects. On the one hand, neurostimu-
lants can confound the results, which is not the case in
this study; on the other hand, not using neurostimulants
limits comparisons with more recent outcome studies
in which patients probably did get neurostimulants.

Finally, no long-term outcome was measured in the
nTBI group, nor were follow-up data available. Since
the study was executed some time ago, it would have
been of interest to execute a follow-up study. Now, the
level of functioning eventually reached by the partici-
pants remains unknown.

5. Conclusions

This is the first study to systematically investigate
the course of recovery in a cohort of children and

young adults in prolonged VS or MCS after severe
brain injury. Although the study sample was relatively
small and heterogeneous, the results are nevertheless
important for insights into the course and prediction
of recovery. We identified three patterns of recovery
in an early phase after admission to EINP, which en-
abled prediction, in an early stage and with high level
of probability, of whether recovery of consciousness
would occur. These results can play an important role
in clinical decision-making and are of great importance
for further research. It would be especially valuable to
repeat this study in patients over the age of 25 years.
Furthermore, possibilities to evaluate the effects of the
EINP treatment by using sufficient pre-treatment ex-
aminations should be investigated.
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Appendix 1
Short Description of the Early Intensive
Neurorehabilitation Programme (EINP)

The Early Intensive Neurorehabilitation Programme
(EINP) was developed for the treatment of children
and young adults up to 25 years of age, who are in
a vegetative or minimally conscious state. It starts as
soon as possible after they leave the intensive care
unit, within six months after traumatic injury or within
three months in case of a non-traumatic cause. The
program has to be administered for three months, or
for a shorter time if consciousness has been recovered.
The basic philosophy of the program is that an active
approach may induce recovery of brain functions in
many severely injured patients, but only when all im-
portant health threats have been identified and treated,
and when known principles of the development and
growth of brain tissue are taken into account. The treat-
ment program focuses on several domains:

– Improving the metabolic state, the state of nour-
ishment, respiration and skin condition, as well as
reducing the risk of infections. The actual treat-
ment activities depend on the individual situation
of each patient. Special attention is given to the
removal of invasive devices, like a tracheostomy
tube or a bladder catheter.

– Recovering the normal circadian cycles by offer-
ing a homelike environment, which is structured
and filled with daily activities.

– Improving arousal and awareness by structured
stimulation of all sensory modalities (vision, hear-
ing, smell, taste, touch, posture and motion, pain
and temperature) in such a way that maximal
arousal will be generated. As soon as the pa-
tient shows any voluntary reactions, reflecting a
change from VS into MCS, the program focuses
on stimulating and training cognitive functions,
the contents depending on age and cognitive sta-
tus.

– Improving normal posture and motor activities by
intensive physiotherapy, occupational therapy and
oro-facial therapy, using sitting aids, a variety of
splints and other appliances.

– Improving the ability of the family to cope with
the situation and their own feelings, by giving
support, education including psycho-education,
training them to handle the patient and, when nec-
essary, providing treatment.

Each day, five half-our treatment activities (sensory
stimulation, physiotherapy, occupational therapy, oral
therapy or activity therapy) are scheduled in such a
way that these activities alternate with necessary rest-
ing periods, with moments of personal care and with
family visits. The program is carried out by a special-
ized team, consisting of a rehabilitation physician, a
neuropsychologist, a stimulation therapist, physiother-
apists, occupational therapists, speech therapists, nurs-
ing staff, a social worker and activity therapists. The
team works according to a written protocol, describing
all procedural steps in the program from admission to
discharge, and outlining the content of the program at
the different stages of recovery. Patients’ condition and
progress are evaluated by the whole team on the basis
of a weekly schedule, which may result in changes be-
ing made to the content and the intensity of parts of the
program. When necessary, changes can be made on a
daily basis.
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