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Objective: To evaluate adherence to 3 central ope-
rational recommendations for acute rehabilitation 
in the Norwegian trauma plan.
Methods: A prospective multi-centre study of 538 
adults with moderate and severe trauma with New 
Injury Severity Score > 9. 
Results: Adherence to the first recommendation, 
assessment by a physical medicine and rehabilita-
tion physician within 72 h following admission to 
the intensive care unit (ICU) at the trauma centre, 
was documented for 18% of patients. Adherence to 
the second recommendation, early rehabilitation in 
the intensive care unit, was documented for 72% 
of those with severe trauma and ≥ 2 days ICU stay. 
Predictors for early rehabilitation were ICU length 
of stay and spinal cord injury. Adherence to the 
third recommendation, direct transfer of patients 
from acute ward to a specialized rehabilitation unit, 
was documented in 22% of patients, and occurred 
more often in those with severe trauma (26%), spi-
nal cord injury (54%) and traumatic brain injury 
(39%). Being employed, having head or spinal 
chord injury and longer ICU stay were predictors for 
direct transfer to a specialized rehabilitation unit.
Conclusion: Adherence to acute rehabilitation gui-
delines after trauma is poor. This applies to docu-
mented early assessment by a physical medicine 
and rehabilitation physician, and direct transfer 
from acute care to rehabilitation after head and 
extremity injuries. These findings indicate a need 
for more systematic integration of rehabilitation in 
the acute treatment phase after trauma.
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Trauma is a significant cause of death and disability 
worldwide (1). Traffic accidents and falls are major 

causes of injuries and lead to many years lived with 
disability (2). Many individuals who have undergone 
severe trauma live with residual impairments several 
years later (3). The sequelae of such trauma may affect 
physical, mental, cognitive and social functioning (4, 5). 
Provision of rehabilitation services varies (6, 7) and gui-
delines for rehabilitation management in patients with 
trauma are often not implemented (8). Notably, current 

LAY ABSTRACT
Three recommendations for acute rehabilitation in the 
Norwegian trauma plan were evaluated in 538 adults with 
moderate to severe injuries. Recommendation one: Exa-
mination by a rehabilitation physician within 72 h after 
hospital admission. This was documented in 18% of the 
patients.  Recommendation two: Start of early rehabilita-
tion in the intensive care unit. This was given to 72% of 
those with severe trauma. Early rehabilitation was more 
frequent in patients with spinal cord injury, and with long 
intensive care stays. Recommendation three: Patients are 
directly transferred from acute care in the trauma centre to 
specialized rehabilitation. This was followed for 22% of the 
patients. This happened more often in patients with severe 
injuries, spinal cord injury and brain injury. Being in work 
and longer intensive care stays increased the probability 
for direct transfer. Conclusion: Overall compliance with the 
guidelines is poor, except for early therapist rehabilitation in 
the intensive care unit.
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practice for rehabilitation of patients with orthopaedic 
trauma is variable (9).

World Health Organization (WHO) Guidelines for 
Essential Trauma care recommend systematic reha-
bilitation as part of trauma care systems to maximize 
functional recovery (10). Historically, establishing 
dedicated spinal injuries centres profoundly improved 
long-term survival (11, 12). Integration of rehabilita-
tion into a multiple-trauma care system was associated 
with reduced length of stay, mortality and better fun-
ctional outcomes (13, 14). Kreitzer et al. (15) found 
that a majority of healthcare workers in acute trauma 
care support early rehabilitation interventions, defi-
ned as “acute therapies, such as range of movement, 
strengthening, ambulation, neurostimulation”. A “fast 
track model” for multi-trauma patients, presented by 
Bouman et al. (16), integrating rehabilitation into 
acute care, led to faster recovery. However, consulting 
multidisciplinary teams have not shown benefit over 
standard care (17).

Patients with severe injuries, specifically with 
pelvic, lower extremity, spine or head trauma, are 
more frequently transferred to inpatient rehabilita-
tion than patients with minor-to-moderate injuries 
or injuries in other organ regions (18). For patients 
with traumatic brain injury (TBI), basic intensive 
care unit (ICU) interventions, such as mobilization, 
can improve recovery (19), and direct transfer from 
acute care to specialized rehabilitation improves 
functional outcome (7, 20–22). In their review, Naess 
et al. defined “early rehabilitation” as interdiscipli-
nary team rehabilitation within 1 week of admission 
(23). This approach has shown favourable outcomes 
compared with delayed rehabilitation for patients 
with TBI (20, 24, 25). 

Norwegian trauma care guidelines from 2017 give 
recommendations for acute rehabilitation after severe 
trauma based on best practise and available evidence 
(26).Three central operational recommendations 
are set out in these guidelines: (i) assessment by a 
specialist in rehabilitation medicine within 72 h fol-
lowing admission to the ICU at the trauma centre; 
(ii) early rehabilitation starting in the ICU; (iii) prio-
ritization of direct transfer of patients from the acute 
care department in the trauma centre to a specialized 
rehabilitation unit. 

The aim of this study is to evaluate adherence to the 
Norwegian recommendations for acute rehabilitation 
in a population-based study of patients with mode-
rate to severe trauma at 2 trauma centres in Norway. 
Adherence to the 3 operational recommendations 
in the guidelines was investigated in association 
with sociodemographic factors, type and severity 
of injury, substance use at time of injury, and length 
of ICU stay. 

METHODS

Design and setting

A prospective, multi-centre, observational study was 
conducted at 2 university trauma centres in Norway: 
Oslo University Hospital (OUH) and the Univer-
sity Hospital of North Norway (UNN), which are the 
trauma centres in the Southeast and Northern regions 
of Norway, respectively. A protocol article for the 
main study was published in 2021 (27). The study 
was approved by the Committee for Medical Research 
Ethics, Health Region South East (reference number 
31676) and the The Data Protection Officers at OUH 
and UNN (approval number 19/26515 and 02423). 
The STROBE checklist was used to report this study. 

Participants

The study included patients aged 18 years or older, resi-
dent in Norway, admitted directly to the regional trauma 
centres or transferred from local hospitals within 72 h 
after injury, with at least a 2-day hospital stay and a New 
Injury Severity Score (NISS) > 9. The 1-year inclusion 
period was from 1 January 2020 to 31 December 2020 
at OUH and from 1 February 2020 to 31 January 2021 
at UNN. The NISS score criteria pertain to patients with 
moderate to profound injuries. Exclusion criteria for the 
current study were age below 18 years, non-Norwegian 
residents, insufficient command of Norwegian/English 
language and death during the stay in the acute depart-
ments of the trauma centre. Patients, or their relatives 
if patients were unable to consent themselves, were 
informed orally about the study and via a written form 
and asked to provide written consent. 

Data collection

Patients were identified by the project’s physicians 
through participation in trauma department meetings 
for reporting and planning action related to trauma 
patients, lists on new hospitalized patients registered 
by the trauma department, and search performed in the 
medical record system using an admission diagnosis 
of trauma. Patients identified through these sources 
were mainly those who were admitted with trauma 
team activation on arrival at hospital. Patients who 
were admitted to hospital with an activated trauma 
team, and otherwise identified patients who fulfilled 
the inclusion criteria, were assessed. The study physici-
ans, who are certified Abbreviated Injury Scale scores 
(AIS) registrars, estimated AIS and calculated NISS 
on a daily basis from Monday to Friday for eligibility 
for study inclusion. In Norway the 2008 update of the 
2005 version of the AIS is used in the trauma register 
(28). The AIS codes the body region affected and the 
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Adherence to guidelines for rehabilitation after trauma p. 3 of 10

severity of each injury. Injury severity is graded 1–6, 
where 1 is a minor and 6 a maximal injury. Injuries 
graded 1–2 were classified as minor to moderate and 
injuries graded 3–6 as severe to maximal (28). The 
NISS is a summary measure of anatomical injury and 
is defined as the sum of the squares of the AIS scores 
of each patient’s 3 most severe injuries, regardless of 
the body region in which they occur (29). AIS scores 
received from the local trauma registers at OUH and 
UNN were used for analysis. A NISS score of 9–15 
indicates moderate injury, and NISS > 15 indicates 
severe injury (30). Pre-injury health was estimated 
with the Norwegian version of the American Society 
of Anaesthesiologists Physical Status Classification 
System (ASA), as used in the definition catalogue 
for the national Norwegian Trauma Register (31). 
Pre-injury ASA was categorized into healthy/without 
substantial functional limitations (score I–II) and mo-
derate disease/disability to severe disease/disability 
(score III–V) (32). 

Demographic variables collected from the patient’s 
electronic records were sex, age, living situation, 
duration of education, and occupation. Missing data 
about participants’ personal characteristics were 
obtained in the 6-month follow-up interviews. Clinical 
data obtained from patients’ records were diagnoses, 
non-surgical treatment, length of stay in the ICU, and 
disciplines and professions involved during acute 
treatment. Information about the type of accident was 
also registered. 

Assessment by a physical medicine and rehabilita-
tion physician in the ICU within 72 h after admission 
according to the guidelines was counted when docu-
mented in the electronic medical records. The study 
considered all documented interventions by therapeu-
tic professions provided to the patients in the ICU as 
acute rehabilitation services. Therapist treatment in 
the ICU was defined as treatment by 1 therapeutic 
professional in addition to physicians and nurses. 
Therapeutic professionals were physiotherapists, 
occupational therapists, social workers, psychologists 
and speech therapists. The study registered the first 
involved professional and all types of professionals 
involved. Two or more professions involved, in 
addition to physicians and nurses, was considered 
as multidisciplinary intervention. Furthermore, the 
number of contacts while patients were under acute 
care was noted. Discharge destinations from acute 
care, defined as treatment in the (neuro-) ICU or sur-
gical wards (mainly neurosurgery, orthopaedics, and 
thoracic surgery) at the trauma centre were defined 
as home, local hospital, rehabilitation unit or nursing 
home/others. Rehabilitation was defined as treatment 
in specialized hospital departments or specialized 
rehabilitation institutions.

Statistical analysis

IBM SPSS Statistics Version 28 (IBM Corp:, Armonk, 
NY, USA) was used for statistical analysis. Descriptive 
data are presented as proportions (percentages), medi-
ans with range and means with standard deviation (SD). 
Univariate and multivariable binary logistic regression 
analyses were used to test the association between inde-
pendent variables and the outcome variables: (i) acute 
ICU therapist treatment received or not; and (ii) direct or 
not direct transfer from acute care in the trauma centre 
to rehabilitation. “Not direct transfer” was discharge 
to home, local hospital or nursing home/other. Since 
all patients with spinal cord injury received acute ICU 
therapist treatment, a regression analysis could not be 
performed for this variable and the association was 
computed with Fisher’s exact test. All variables were 
included both in the univariate and the multivariable 
models based on prior knowledge from the literature 
and by expert opinion. We present here the full multiva-
riable model without subsequent elimination of variab-
les. The following sociodemographic and injury-related 
factors were included: patients’ age, sex, living situation 
(living alone/not living alone), work situation (working 
or studying/not working or pensioned), educational 
level (high education > 13 years/lower education ≤ 13 
years), pre-injury ASA (dichotomized into score 1–2 
vs 3–4), substance use at the time of injury (yes/no), 
and the acute injury-related variables type and severity 
of injuries. The acute injury variables were the NISS, 
spinal cord injury (yes/no), and AIS scores of 3–5 of the 
defined body regions (yes/no). The results are given as 
odds ratios (ORs) with 95% confidence interval (95% 
CI). Level of significance was set at p < 0.05. The degree 
of multicollinearity was checked using the correlation 
matrix and Spearman’s correlation coefficient ≥ 0.7 
as a cut-off. Model fit was assessed with the Hosmer 
and Lemeshow goodness-of-fit test, and the degree of 
pseudo-explained variance was reported according to 
Nagelkerke R2.

RESULTS

Patient characteristics

In total, 538 patients with moderate or severe trauma 
were included in the study (see Fig. 1 for inclusion 
process). The main reason for exclusion was NISS 
< 10. Of 647 eligible adult participants, 109 (17%) 
did not respond or declined participation. There 
were no differences considering age and sex between 
non-responders/decliners and those included in the 
study (median age 54 years (range 18–95) vs 53 years 
(range 18–93) and proportion of women 26% vs 24%, 
respectively). 
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Adherence to guidelines for rehabilitation after trauma p. 4 of 10

As shown in Table I, 40% of participants had higher 
education, defined as more than 13 years at school, 
and 56% were working or studying at the time of 
injury. Injury-related characteristics are shown in 
Table II. Falls (41%) and traffic accidents (38%) 
were the most common causes of injury. Median 
NISS was 22 (range 10–75), and 76% of participants 
had a NISS of 16 or above, corresponding to severe 
injuries. Head (46%), thorax (34%) and extremities 
(18%) were the regions with the largest proportion 

of AIS scores of 3–5. Thirty-nine participants (7%) 
had spinal cord injuries. Eighty-eight percent of 
patients were treated in the ICU (Table III). Thera-
pist treatment in the acute departments included: 
71% received physiotherapy, 7% had occupational 
therapy, 33% had contact with social workers, and 
16% met with psychologists.

Physician assessment

Out of the 194 participants staying in the ICU in the 
trauma centre for 3 or more days, 35 (18%) had an 
assessment within 3 days after admission to the ICU 
by a physical medicine and rehabilitation physician 
registered in the medical record. Of the patients seen by 
a specialist, 34 (97%) had severe or profound injuries 
(NISS > 15), 31 (89%) had severe head injuries (AIS 
3–5), 12 (34%) had severe thorax injuries (AIS 3–5), 
and 4 (11%) severe extremities injuries. Severe injuries 
in other organ areas were less frequent.

Therapist intervention in the intensive care unit

Of all participants with at least 2 days length of stay 
in the ICU (n = 262), 70% received therapist interven-
tion. The rate was 84% for participants who stayed 
for at least 3 days. For participants with NISS > 15 
and at least 2 days of stay in the ICU (n = 169), the 
proportion who received therapist intervention was 
72% (Table  IV). Median for first day of treatment 
was 3 days (range 1–12). A physiotherapist was the 
first active therapist for 88%; this was a social worker 

Fig. 1. Study inclusion flowchart.

Included current study 
n=538 

Assessed for eligibility  
n=1,929 

Excluded according to the exclusion
     criteria, n=1,282 

 
 

New Injury Severity Score <10 n=779 
Length of stay <2 days  n=159 
Died during acute treatment n=93 
Age < 18     n=68 
Others    n=183 

Non-responders  n=50 
Declined participation n=59 

Eligible for inclusion 
Adults 
n=647 

Table I. Demographic characteristics of 538 included adult patients 
with moderate and severe trauma

Participants
N=538

Age, years
 Median (range) 53 (18–93)
 Mean (SD) 51 (18)
Sex, n (%)
 Female 129 (24)
 Male 409 (76)
Education, n (%)
  Lower education ≤ 13 years 300 (56)
 High school/ university > 13 years 215 (40)
 Unknown  23 (4)
Work, n (%)
 Working/studying 300 (56)
 Without occupation
 Pensioned

114 (21)
113 (21)

 Unknown  11 (2)
Marital status, n (%)
 Married/living with partner 309 (57)
 Living alone 214 (40)
 Living with parents 13 (3)
 Unknown 2 (.4)
Regions of Norway, n (%)
 North 42 (8)
 South-East 496 (92) 

SD: standard deviation.
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Adherence to guidelines for rehabilitation after trauma p. 5 of 10

for 12% of participants. Multidisciplinary therapist 
intervention was provided to 31% of the participants 
with NISS > 15 and at least 2 days of stay in the ICU.

Univariate and multivariable regression analysis of 
predictors for therapist intervention in the ICU are 
shown in Table IV. Only longer length of ICU stay was 
a significant predictor in multivariable analysis (OR 
1.25, 95% CI 1.12–1.41), having a spinal cord injury 
could not be included in these analyses because of 
single-sided distribution (Table IV). All patients who 
had spinal cord injury received rehabilitation within 
2 days of ICU stay. Nagelkerke R2 showed with 0.46 
satisfying explanation of the variance in the model. 
Hosmer and Lemeshow goodness-of-fit test showed a 
good fitting model (p = 0.076).

Direct transfer from acute ward to specialized 
rehabilitation
Discharge destinations were specialized rehabilitation 
(22% of 538 participants), local hospitals (42%), and 

home (33%) (Table III). The proportion of participants 
transferred directly to rehabilitation was highest for 
patients with spinal cord injury (54%) and severe 
head injury (39% for AIS 3–5 and 48% for AIS 4–5). 
Of the participants transferred directly, 91% had 
severe or profound injuries (NISS > 15). Of these 411 
participants with NISS > 15, 106 (26%) were transfer-
red directly to rehabilitation (Table V). Multivariate 
logistic regression showed working status (OR 2.75, 
95% CI 1.32–5.74), severe head injury (AIS 3–5) (OR 
3.78, 95% CI 1.53–9.31), spinal cord injury (OR 6.8, 
95% CI 2.35–19.67) and length of stay in the ICU (OR 
1.1, 95% CI 1.04–1.15) to be significant predictors of 
direct discharge from acute trauma care to a specialized 
rehabilitation unit. Nagelkerke R2 (at 0.43) showed 
satisfying explanation of the variance in the model. 
Hosmer and Lemeshow goodness-of-fit test showed a 
good fitting model (p = 0.725).

DISCUSSION

This study investigated adherence to 3 central ope-
rational recommendations for acute rehabilitation 
in the Norwegian national trauma plan. Of patients 
who stayed 3 or more days in the ICU, assessment 
by a physical medicine and rehabilitation physician 
within 72 h after admission was documented in 18% 
of patients. Therapist treatment in the ICU was given 
to 70% of the 262 participants with an ICU stay of 2 
days or longer. Of all participants, 22% were transfer-
red directly from acute ward in the trauma centre to a 
specialized rehabilitation unit. With a high proportion 
of participants with severe trauma (76%) and 88% of 
patients with ICU treatment, the population in this 
study has more severe injuries than in the retrospective 

Table II.  Injury-related characteristics of 538 adults with moderate 
and severe trauma

Participants 
N=538

Type of accident, n (%)
 Transport 205 (38)
 Fall 220 (41)
 Violence 18 (3)
 Other 95 (18)
Substance use at time of the accident, 
n (%)

129 (24)

Pre-injury ASA, n (%)
 Healthy (ASA I) 267 (50)
 Moderate disease, no disability (ASA II) 202 (38)
 Severe disease, disability (ASA III–V) 69 (13)
Injury Severity Score (ISS)
 Median (range) 17 (4–66)
  ISS 16 or above, n (%) 297 (55)
New Injury Severity Score (NISS)
 Median (range) 22 (10–75)
 Moderate NISS 10–15, n (%) 127 (24)
 Severe NISS 16–75, n (%) 411 (76)
Abbreviated Injury Scale (AIS) 1–5, n 
(%)a

 Head 248 (46)
 Face
 Neck

180 (33)
22 (4)

 Thorax 215 (40)
 Abdomen 84 (16)
 Spine 176 (33)
 Extremities 325 (60)
 External and other 73 (14)
AIS-scores 3–5, n (%)a

 Head 223 (41)
 Face 14 (3)
 Neck 10 (2)
 Thorax 185 (34)
 Abdomen 58 (11)
 Spine 74 (14)
 Extremity 95 (18)
 External and other 2 (0.4)
Spinal cord injury, n (%) 39 (7)
aParticipants may have injuries in more than one body region.
ASA: American Society of Anaesthesiologists Physical Status Classification 
System.

Table III. Acute hospital care for 538 adults after trauma

Participants
N=538

Admitted to trauma center from
 Accident site, n (%) 279 (52)
 Via local hospital, n (%) 259 (48)
ICU care, n (%) 476 (88)
Length of stay ICU, days, median (range) 2 (1–50)
Length of stay acute department, days, median 
(range)

3 (0–55)

Length of stay hospital total days, median (range) 7 (2–90)
Ventilator treatment, n (%)
Ventilator days, median (range)

115 (21)
5 (0–49)

Therapist treatment in acute departments, 
physiotherapy, n (%)

383 (71)

Occupational therapy  40 (7)
Social worker 177 (33)
Psychologist  87 (16)
Discharged from acute care to, n (%)
Home 177 (33)
Local hospital 226 (42)
Specialized rehabilitation 117 (22)
Nursing home or other 18 (3)

ICU: intensive care unit.
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Adherence to guidelines for rehabilitation after trauma p. 6 of 10

embedded rehabilitation studies of Scott et al. (13) after 
major trauma and the study of Wu et al. (17) after road 
trauma, but less severe injuries than in the multiple 
trauma studies of Bouman et al. (16). 

Except from the UK National Clinical Audit for 
Specialist Rehabilitation following major Injury 
(NCASRI 2019) (33), to our knowledge, this is one of 
the first studies to evaluate adherence to operational 
recommendations for acute rehabilitation in trauma 
guidelines for a general trauma population. 

The Norwegian Trauma Plan recommends assess-
ment by a physical medicine and rehabilitation phy-
sician within 72 h after admission to the ICU in the 
trauma centre, and early onset of rehabilitation in 
the ICU. Furthermore, they recommend that patients 
needing inpatient rehabilitation to be directly transfer-
red from acute departments in the trauma centre to a 
specialized rehabilitation unit. National institute for 
Health and Care Excellence (NICE) guidelines for 
rehabilitation after traumatic injury (34) give similar, 

detailed, but less precise, recommendations for 
assessment and start of rehabilitation. The American 
College of Surgeons has integrated recommendations 
for rehabilitation into their best practice guidelines for 
orthopaedic trauma and spine injury (35, 36), but not 
for traumatic brain injury (37). The orthopaedic gui-
delines emphasize early assessment and integration of 
rehabilitation in acute care; the recommendations for 
spine injuries specify onset of therapy within the first 
week after admission, and discharge to a specialized 
inpatient rehabilitation facility. 

Physician assessment
Several authors recommend assessment by a physical 
medicine and rehabilitation physician in the first days 
after ICU admission as part of a structured rehabili-
tation programme after traumatic brain injury (24), 
multiple trauma (16) or major trauma (13). Time for 
the specialist visit varies from 2 days after hospital 
admission (16) to within 72 h (24), to 2–4 days (13), 

Table IV. Acute rehabilitation in 235 adults with severe trauma (New Injury Severity Scale (NISS) > 15) and intensive care unit (ICU) 
stay of 2 days or longer in association with demographic and acute injury related factors

N
235 (100%)

Therapist 
treatment ICU 

169 (72%)

No therapist 
treatment ICU 

66 (28%)

Univariate Multivariable

OR 95% CI p-value OR 95% CI p-value

Demographics
 Age, years, median (range) 56 (18–91) 56 (18–91) 55 (20–88) 1.0 0.99–1.01 0.814 1.0 0.98–1.03 0.952
 Sex, female, n (%) 55 (23)  44 (77) 11 (23)
 Male, n (%) 180 (77) 125 (69) 55 (31) 1.76 0.85–3.66 0.131 1.85 0.73–4.69 0.193
 Education, low, n (%)a 142 (60) 108(76) 34 (24)
 Education, high, n (%) 83 (35)  55 (66) 28 (34) 0.62 0.34–1.12 0.114 .57 0.25–1.28 0.175
 Living alone, n (%)2 88 (37)  60 (68) 28 (32)
 Not living alone, n (%) 147 (62) 109 (74) 38 (26) 1.34 0.75–2.39 0.325 1.37 0.60–3.16 0.455
 Not working, n (%)a 112 (48)  83 (74) 29 (26)
 Working, n (%) 119 (51)  83 (70) 36 (30) 0.81 0.45–1.43 0.462 1.01 0.41–2.55 0.972
Acute injury-related variables
 Per-injury ASA, (1–2), n (%) 202 (86) 142 (70) 60 (30)
 Pre-injury ASA, (3–4), n (%) 33 (14)  27 (82) 6 (18) 1.90 0.75–4.84 0.178 1.61 0.49–5.32 0.433
 � Substance use at time of 
injury, n (%)

 55 (23)  35 (63) 20 (37)

 No substance use, n (%) 180 (77) 134 (74) 46 (26) 0.60 0.32–1.14 0.121 0.484 0.18–1.32 0.155
 NISS, median (range) 27 (16–75) 33 (16–75) 27 (16–57) 1.04 1.02–1.07 0.002 1.01 0.97–1.06 0.523
 � Length of stay ICU, median 
(range)

6 (2–50) 7 (2–50) 2 (2–26) 1.33 1.19–1.48 < 0.001 1.25 1.12–1.41 < 0.001

 Head AIS 0–2, n (%) 105 (45) 76 (72) 29 (28)
 Head AIS 3–5, n (%) 130 (55) 93 (72) 37 (28) 0.95 0.54–1.70 0.886 1.33 0.47–3.79 0.592
 Face AIS 0–2, n (%) 226 (96) 161 (71) 65 (29)
 Face AIS 3–5, n (%)  9 (4)  8 (89)  1 (11) 3.23 0.40–26.34 0.274 3.13 0.27–37.13 0.365
 Neck AIS 0–2, n (%) 228 (97) 164 (72) 64 (28)
 Neck AIS 3–5, n (%)  7 (3)  5 (71)  2 (29) 0.98 0.19–5.16 0.977 0.542 0.05–5.57 0.606
 Thorax AIS 0–2, n (%) 134 (57) 91 (69) 43 (31)
 Thorax AIS 3–5, n (%) 101 (43) 78 (68) 23 (22) 1.60 0.89–2.89 0.117 1.80 0.80–4.02 0.153
 Abdomen AIS 0–2, n (%) 209 (89) 151 (72) 58 (28)
 Abdomen AIS 3–5, n (%)  26 (11)  18 (69)  8 (31) 0.86 0.36–2.10 0.747 0.85 0.24–2.97 0.80
 � Spine without spinal cord 
AIS 0–2, n (%)

219 (93) 157 (72) 62 (28)

 � Spine without spinal cord 
AIS 3–5, n (%) 

16 (7) 12 (75) 4 (25) 1.19 0.37–3.81 0.776 2.08 0.51–8.50 0.308

 Extremity AIS 0–2, n (%) 187 (80) 131(70) 56 (30)
 Extremity AIS 3–5, n (%) 48 (20) 38 (79) 10 (21) 1.62 0.76–3.49 0.213 1.42 0.46–4.37 0.541
 No Spinal cord injury 205 (87) 139 (68) 66 (32)
 Spinal cord injury, n (%) 30 (13) 30 (100) 0 (0) 0.001b

aThree demographic variables (education, work and living situation) had missing data, with education the highest proportion (4%). 

bFisher’s exact test. 
Results in bold fond are statistically significant.
ICU: intensive care unit, OR: odds ratio; 95% CI: 95% confidence interval; ASA: American Society of Anaesthesiologists Physical Status Classification System; 
NISS: New Injury Severity Scale; AIS: Abbreviated Injury Scale. 
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comparable to the Norwegian guidelines, which 
recommend specialist assessment within 72 h. An 
integrated multidisciplinary approach is often recom-
mended (13, 24). The NCASRI 2019 found that 54% 
of patients were assessed within 10 days according to 
NICE guidelines, compared with 18% in the current 
study assessed within 3 days. In the same study only 
40% of the patients who were identified as requiring 
further specialist inpatient rehabilitation actually 
received it (33). In the study by Wu et al. (17) use 
of consulting interdisciplinary teams, after patient 
transfer from the ICU and to an acute ward, did not 
change length of stay in acute care. A continuous 
chain in treatment from acute rehabilitative care to 
specialized inpatient rehabilitation is important for 
short- and long-term recovery (16, 20). Systematic 
early specialist assessment of rehabilitation needs is 
a way to secure an effective treatment process, and 
the low degree of recorded assessments found in the 
current study raises concern that rehabilitation needs 
may not be recognized or documented. The optimum 

time to start is not clearly defined (23) and must be 
somewhat pragmatic. However, routines must ensure 
identification of all patients needing intervention, 
which should start without delay. Overall, a recom-
mendation for assessment by a physical medicine and 
rehabilitation physician within 72 h after admission to 
trauma centre ICU is supported by the literature and 
clinical experience.

Therapist intervention in the intensive care unit
Activation and mobilization should start when patients 
are stabilized, but is often delayed (38). Injury-specific 
limitations for early mobilization, such as specific fractu-
res, severe internal bleeding and neurotrauma may limit 
activation and mobilization in the subacute phase (39), 
making the ideal time to start activity unclear. The 70% 
of participants receiving therapy from at least 1 profes-
sional in addition to physicians and nurses in the ICU 
is higher than reported by Nickels et al. (38) (57%) in a 
general ICU population and by Bartolo et al. (40) (65%) 

Table V. Direct discharge from acute care in the trauma centre to in-patient rehabilitation in 411 adults with severe trauma (NISS > 15) 
in association with demographic and acute injury related factors

N
n=411 
(100%)

Direct 
transfer

n=106 (26%)
Not direct

n=305 (74%)

Univariate Multivariable

OR 95% CI p-value OR 95% CI p-value

Demographics
 Age, years, median (range) 411 51 (18–79) 55 (18–93) 0.99 0.97–1.0 0.094 1.0 0.98–1.02 0.885
 Sex, female, n (%) 96 20 (21) 76 (79)
 Male, n (%) 315 86 (27) 229 (73) 0.70 0.40–1.22 0.206 0.61 0.29–1.28 0.19
 Education, low, n (%)a 233 61 (26) 172 (74)
 Education, high, n (%) 161 43 (27) 118 (73) 1.03 0.65–1.62 0.907 0.84 0.45–1.56 0.58
 Living alone, n (%)a 159 41 (26) 118 (74)
 Not living alone, n (%) 251 65 (26) 186 (74) 1.00 0.64–1.58 0.98 0.66 0.35–1.24 0.198
 Not working, n (%)a 174 31 (18) 143 (82)
 Working, n (%) 230 73 (32) 157 (68) 2.15 1.33–3.46 0.002 2.75 1.32–5.74 0.007
Acute injury-related variables
 Per-injury ASA, (1–2), n (%) 361 98 (27) 263 (73)
 Pre-injury ASA, (3–4), n (%) 50 8 (16) 42 (84) 0.51 0.232–1.13 0.096 0.47 0.17–1.30 0.146
 � Substance use at time of injury, 
n (%)

100 33 (33) 67 (67)

 No substance use, n (%) 311 73 (23) 238 (77) 1.61 0.98–2.63 0.059 1.01 0.52–1.94 0.982
 NISS, median (range) 411 34 (16–75) 24 (16–66) 1.05 1.03–1.07 < 0.001 1.02 0.99–1.05 0.195
Length of stay ICU, median 
(range)

411 7 (1–39) 2 (0–50) 1.10 1.07–1.14 < 0.001 1.10 1.04–1.15 < 0.001

 Head AIS 0–2, n (%) 203 24 (12) 179 (88)
 Head AIS 3–5, n (%) 208 82 (39) 126 (61) 4.85 2.92–8.07 < 0.001 3.78 1.53–9.31 0.004
 Face AIS 0–2, n (%) 399 103 (26) 296 (74)
 Face AIS 3–5, n (%) 12 3 (25) 9 (75) 0.96 0.25–3.61 0.949 0.35 0.07–1.79 0.207
 Neck AIS 0–2, n (%) 403 102 (25) 301 (75)
 Neck AIS 3–5, n (%) 8 4 (50) 4 (50) 2.95 0.73–12.02 0.131 4.48 0.4–49.72 0.222
 Thorax AIS 0–2, n (%) 239 80 (32) 159 (68)
 Thorax AIS 3–5, n (%) 172 26 (15) 146 (85) 0.354 0.22–0.58 < 0.001 0.55 0.275–1.12 0.098
 Abdomen AIS 0–2, n (%) 360 101 (28) 259 (72)
 Abdomen AIS 3–5, n (%) 51 5 (10) 46 (90) 0.279 0.11–0.72 0.008 0.47 0.14–1.56 0.218
 � Spine without spinal cord AIS 
0–2, n (%)

388 104 (27) 284 (73)

 � Spine without spinal cord AIS 
3–5, n (%)

23 2 (9) 21 (91) 0.26 0.06–1.13 0.072 0.13 0.15–1.19 0.082

 Extremity AIS 0–2, n (%) 337 96 (28) 241 (72)
 Extremity AIS 3–5, n (%) 74 10 (14) 64 (86) 0.39 0.19–0.80 0.009 0.42 0.15–1.19 0.102
 No spinal cord injury 377 87 (23) 290 (77)
 Spinal cord injury 34 19 (56) 15 (44) 4.22 2.06–8.66 < 0.001 6.8 2.35–19.67 < 0.001
aThree demographic variables (education, work and living situation) had missing data, with education the highest proportion (4%). 
Results in bold fond are statistically significant.
ICU: intensive care unit; OR: odds ratio; 95% CI: 95% confidence interval; ASA: American Society of Anaesthesiologists Physical Status Classification System; 
NISS: New Injury Severity Scale; AIS: Abbreviated Injury Scale.
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in a population with all types of brain injury. The median 
time of 3 days until first treatment found in the current 
study is, however, later than observed in other studies 
(38, 41, 42). Nearly all critical care patients benefit 
from rehabilitation (41, 42) and hyperacute specialized 
rehabilitation services are shown to be cost-effective 
(25). OUH has a programme for early interdisciplinary 
rehabilitation integrated into acute care for patients with 
severe TBI in the Early Rehabilitation Section of the 
Neuro ICU (20), but there is no corresponding organized 
early rehabilitation service for other trauma patients, 
except for those with spinal cord injury. In the current 
study patients with spinal cord injury were treated by 
a therapist more often than patients with other trauma 
types. Multidisciplinary therapist intervention to 31% of 
the participants with severe injuries and at least 2 days 
of stay in the ICU, is a low rate considering the complex 
functional and psychosocial challenges faced by patients 
with severe injuries.

Direct transfer from acute ward to specialized 
rehabilitation

Debus et al. (18), using comparable inclusion criteria 
as in the current study, found a somewhat higher direct 
transfer rate of 32%, compared with 22% in the current 
study. In comparison, Dinh et al. (43) found a direct 
transfer rate to specialized rehabilitation of 4% in a 
population with lower injury severity (median Injury 
Severity Score (ISS) 4). However, Dijkink et al. (44) 
found a significant disparity in transfer rates (47% vs 
10%) between an American and a Dutch trauma cen-
tre in populations that were similar. This is probably 
caused by different organization of the treatment chain. 

Evidence from several studies (7, 21, 22) shows that 
direct transfer to specialized rehabilitation is positive 
for the outcome of patients with severe brain injury. In 
the current study population, the direct transfer rate for 
participants with severe head injury was 39%, which 
is comparable to earlier Norwegian studies (7, 21), 
taking into consideration that the proportion of patients 
with AIS 4–5 is lower in the current study. Shorter 
hospital stay and more rapid gain of function is shown 
for patients with severe orthopaedic injuries who are 
transferred directly from acute ward to rehabilitation 
(14, 16). In contrast to the current study, both Debus et 
al. (18) and Dinh et al. (43) found extremity injuries to 
be a predictor for direct transfer to rehabilitation. In the 
current study only 13% of the participants with severe 
injuries to the extremities (AIS 3–5) were transferred 
directly to inpatient rehabilitation. Even taking into 
account that injury severity does not necessarily cor-
respond to rehabilitation needs, the overall percentage 
of participants transferred directly, especially among 
orthopaedic patients, is low. 

Patients with moderate injuries less frequently 
received treatment according to the guidelines than 
did patients with more severe injuries. For instance, 
the proportion with direct transfer to rehabilitation was 
9% among those with moderate injuries (NISS 10–15) 
and 26% among those with severe injuries (NISS > 15). 
Moderately injured patients may experience significant 
loss of function; therefore, this group probably has 
unmet needs for rehabilitation. 

Study strengths and limitations

The prospective design of the study is a strength. A 
relatively low rate of 17% of the eligible adults were 
non-responders or declined participation. However, 
the study found that adults with psycho-social and/or 
drug problems more often left the hospital early against 
medical advice or were more often non-responders. 
Therefore, this group may be underrepresented in the 
study material. 

Unrecorded informal assessments led to some 
understatement of the percentage of patients assessed 
by a physical medicine and rehabilitation physician. 
In addition, patients with SCI are routinely referred to 
rehabilitation by attending traumatologists or health 
professionals from the regional SCI rehabilitation 
unit. They are often directly transferred to specialized 
rehabilitation and, less frequently, after preceding 
assessment by a physical and rehabilitation medicine 
physician. A low rate may also be due to limited resour-
ces. The current study has few missing data, providing 
a good basis for analysis. 

CONCLUSION

Early therapist intervention in the ICU is provided to 
more than two-thirds of the patients with severe trauma. 
Initiation of treatment is somewhat later than in other 
studies. Otherwise, compliance with the guidelines is 
poor. This applies especially to assessments by a phy-
sical medicine and rehabilitation physician within 72 h 
after admission registered in medical records. Further-
more, the overall proportion of participants transferred 
directly to specialized in-patient rehabilitation is low. 
Direct transfer is common after spinal cord injury, less 
common after severe head injury, and patients with 
severe extremity injuries are rarely given priority. Fin-
dings indicate a need for more systematic integration of 
rehabilitation in the acute treatment phase after trauma.
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