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Abstract 

Background  The initial theme of the PROGRESS framework for prognosis research is termed overall prognosis research. 
Its aim is to describe the most likely course of health conditions in the context of current care. These average group-level 
prognoses may be used to inform patients, health policies, trial designs, or further prognosis research. Acquired brain 
injury, such as stroke, traumatic brain injury or encephalopathy, is a major cause of disability and functional limitations, 
worldwide. Rehabilitation aims to maximize independent functioning and meaningful participation in society post-
injury. While some observational studies can allow for an inference of the overall prognosis of the level of independ-
ent functioning, the context for the provision of rehabilitation is rarely described. The aim of this protocol is to provide 
a detailed account of the clinical context to aid the interpretation of our upcoming overall prognosis study.

Methods  The study will occur at a Danish post-acute inpatient rehabilitation facility providing specialised inpatient 
rehabilitation for individuals with moderate to severe acquired brain injury. Routinely collected electronic health 
data will be extracted from the healthcare provider’s database and deterministically linked on an individual level 
to construct the study cohort. The study period spans from March 2011 to December 2022. Four outcomes will 
measure the level of functioning. Rehabilitation needs will also be described. Outcomes and rehabilitation needs will 
be described for the entire cohort, across rehabilitation complexity levels and stratified for relevant demographic 
and clinical parameters. Descriptive statistics will be used to estimate average prognoses for the level of functioning 
at discharge from post-acute rehabilitation. The patterns of missing data will be investigated.

Discussion  This protocol is intended to provide transparency in our upcoming study based on routinely collected 
clinical data. It will aid in the interpretation of the overall prognosis estimates within the context of our current clinical 
practice and the assessment of potential sources of bias independently.
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Background
The Prognosis Research Framework (PROGRESS) 
defines four interrelated prognosis research themes. The 
initial theme is termed overall prognosis research aiming 
to describe the most likely course of health conditions in 
the context of current care [1]. Estimates of these aver-
age outcomes for people with certain health conditions 
can be used to inform numerous stakeholders including 
patients, public health policies, and trial designs [1, 2]. 
The current protocol is concerned with the overall prog-
nosis of the level of independent functioning in people 
with moderate to severe acquired brain injury (ABI). 
This includes motor and cognitive functioning in activi-
ties of daily living. ABI covers several diagnoses includ-
ing stroke, traumatic brain injury (TBI), subarachnoid 
hemorrhage, anoxic brain injury, and encephalopathy. 
These conditions have distinct aetiologies and contribute 
considerably to the accumulation of disability-adjusted 
life years worldwide [3, 4] and impact the lives of 
affected people similarly [5, 6]. Healthcare spending for 
people with ABI is substantial [7], with people with ABI 
being the third largest group in need of rehabilitation 
[8]. Rehabilitation may reduce the impact of ABI-related 
functional limitations and is considered both effective 
and cost-effective [9, 10]. Functional independence is 
associated with increased health-related quality of life 
and reduced caregiver burden [11–13]. In addition, the 
World Health Organization uses functioning as one of 
their three health indicators [14, 15].

There is a lack of overall prognosis studies in rehabilita-
tion following moderate to severe ABI. Nevertheless, some 
existing observational studies provide information on the 
overall prognosis after ABI rehabilitation in Italy  (stroke 
patients), Australia (stroke patients) [16, 17], and Canada 
(traumatic brain injury and hypoxic ischaemic patients) [18, 
19]. Yet, overall prognosis estimates are context-dependent 
and based on current clinical practice and care (e.g. in diag-
nosing or treatment approaches). Most overall prognosis 
studies lack a detailed description of the contextual settings, 
which are recommended [1, 20]. A concise description of 
the clinical context may make the interpretation and appli-
cation of the results from overall prognosis studies easier.

Objective
The aim of the current protocol is to aid the transpar-
ency and interpretability of an upcoming study in which 
the average prognosis for the level of independent 

functioning at discharge from comprehensive post-
acute inpatient rehabilitation in a Danish inpatient 
rehabilitation facility will be estimated. The objective 
is to provide a detailed account of the setting, partici-
pants and planned analytical steps intended for the 
estimation of the overall prognosis in people with mod-
erate to severe ABI receiving comprehensive post-acute 
ABI rehabilitation. The present protocol describes an 
overall prognosis study according to the PROGRESS 
framework [1].

Methods
Distinct guidelines for protocols in prognosis research 
are currently lacking but are in preparation [21]. The 
current protocol has been conducted based on the 
guidelines for transparency in prognosis research and 
reporting of studies based on routinely collected data 
[22–24].

Setting
ABI rehabilitation in Denmark
Denmark has a universal publicly funded healthcare sys-
tem based on residency status (approximately 5.9 million 
inhabitants in 2023). Five administrative districts govern 
primary and secondary health care [25]. Comprehensive 
post-acute inpatient rehabilitation following moderate 
to severe ABI is organised in a national guideline on two 
service levels: (1) highly specialised service level (HSL) 
for severe ABI and (2) specialised service level (SSL) for 
moderate to severe ABI. Nationwide, two inpatient reha-
bilitation facilities provide rehabilitation for severe ABI 
(i.e. HSL), while 14 facilities provide rehabilitation for 
moderate to severe ABI (i.e. SSL) across the five admin-
istrative districts [26, 27]. In contrast, people with minor 
rehabilitation needs typically receive basic service  level 
rehabilitation within neurological or general hospital 
wards treating the index ABI. Rehabilitation needs are 
individually assessed by a specialised, interdisciplinary 
team based on factors including the neurological sever-
ity of the brain injury, premorbid and post-ABI levels 
of functioning, specialised care or therapy needs, the 
expected ability to partake in rehabilitative therapy and 
the expected recovery potential. Since 2018, the Reha-
bilitation Complexity Scale-extended has been used as 
a referral and admission support tool (“Rehabilitation 
Complexity Scale-Extended” section) [28, 29].
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Hammel Neurorehabilitation Centre and University 
Research Clinic
Hammel Neurorehabilitation Centre and University 
Research Clinic (HNC) is located in the Central Den-
mark Region, which also serves as the administrative 
district healthcare provider. HNC is an ABI-specialised 
inpatient rehabilitation facility providing comprehen-
sive rehabilitation services at the highly specialised level 
for people residing in three Western administrative dis-
tricts (i.e. North Jutland, Central Denmark, and Southern 
Denmark) which corresponds to approximately 3.1 Mil-
lion inhabitants (53% of the Danish population) and the 
specialised level (i.e. Central Denmark, only) which cor-
responds to approximately 1.3 Million inhabitants (23% 
of the Danish population). Please see [30] for a graphical 
representation. HNC collaborates with educational insti-
tutions and is affiliated with Aarhus University. Hence, 
research and clinical education in specialised ABI reha-
bilitation must be performed at HNC. In 2019, 51 beds 
were designated for rehabilitation to people requiring 
highly specialised services and 67 beds were designated 
to people requiring specialised services. HNC has one 
designated ward for the rehabilitation of children and 
young adults. In 2022, HNC admitted a total of approxi-
mately 750 people who received a median of 49  days 
(IQR 29–71) of rehabilitation services. A research, qual-
ity assurance and educational unit are also maintained 
within HNC.

Provision of rehabilitation services
Rehabilitation services are provided by an interdisci-
plinary team of health professionals [31] which may 
include medical doctors (physicians and neurologists), 
nurses, occupational therapists, speech therapists, physi-
otherapists, social workers, specialised psychologists 
and dieticians (Table  1). The core rehabilitation team 
for each patient consists of at least a physiotherapist, an 
occupational therapist and a nurse. Rehabilitation ser-
vices are patient-centred and distinctly tailored towards 
the expected potential and needs of the individual and 
their relatives [32]. The International Classification of 
Functioning, Disability and Health-framework (ICF) 
[33] is used as the underlying rehabilitation philosophy. 
Medical doctors are immediately available in the day-
time and on-call at other times. All admitted patients are 
initially assessed for physical and cognitive functioning 

(including the performance of activities of daily living), 
nutritional status, mental health and comorbidities. On 
the specialised service level, the recommended aim for 
the rehabilitation intensity is at least 45  min of training 
per focus area on most days of the week [34, 35]. Due 
to the complex nature of severe ABI and the resulting 
symptoms, the intensity is higher at the highly special-
ised level. Therapy and training are recommended on all 
days, during and outside regular hours with therapists 
available in the evening and weekends [34, 35]. Discharge 
decisions are based on a professional interdisciplinary 
assessment of the individual’s expected continued reha-
bilitation potential. Discharge is based on the potential to 
improve functioning during inpatient rehabilitation when 
considering factors such as personal goals, progress, 
ABI severity and pre-ABI level of functioning. If reha-
bilitation is required post-discharge, it usually continues 
on a municipal outpatient or inpatient basis where the 
individual resides. The municipal rehabilitation services 
focus particularly on reintegration into and participation 
in society [27]. People discharged to nursing home facili-
ties do usually not receive any further rehabilitation.

Participants
ABI diagnoses eligible for specialised comprehensive 
rehabilitation covered by the national guidelines are 
defined by the Ministry of Health [27, 35]. The follow-
ing conditions are included: ischaemic and haemor-
rhagic stroke, TBI, subarachnoid haemorrhage (SAH), 
encephalopathy (such as brain hypoxia or anoxic brain 
injury), infections (such as encephalitis or meningi-
tis) and primary brain tumours (benign and malig-
nant). Table  A1 in the additional files provides the 
included referral ICD-10 codes for each condition. 
People with other ABI diagnoses related to the afore-
mentioned diagnoses, but not explicitly defined in the 
national guidelines may be admitted when capacity 
permits an admission that is considered paramount 
for improvement (e.g. Guillain–Barré syndrome). 
These diagnoses are collected in a category termed 
’other diagnoses’. Irrespective of the condition, people 
referred and admitted to HNC present with moder-
ate to severe physical (motor or sensory) or cognitive 
functional limitations and require individually tailored 
complex rehabilitation services. For example, a previ-
ous report showed that 84% of Danish people with 

Table 1  Therapy staff at RHN in 2023

MD medical doctors, RN registered nurses, PT physiotherapists, OT occupational therapists, Psy psychologists, Soc social workers, SHCA social- and healthcare assistant, 
SpT speech therapists, Diet dietician

Profession MD RN PT OT Psy Soc SHCA SpT Diet

n 18 202 85 92 13 3 109 8 1
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severe TBI received highly specialised rehabilitation 
[36]. Figure 1 shows the distribution of admitted diag-
noses across service levels in 2019.

Inclusion criteria
All consecutively admitted people in the study period 
from 1st March 2011 to 31st December 2022 will be con-
sidered for inclusion. Preliminary inclusion criteria are 
the following: adults (age > 18 years), first-ever admission 
to HNC, consistent rehabilitation course (see definition 
below), complete referral information and alive at dis-
charge. A consistent rehabilitation course may include a 
transfer from highly specialised to specialised service level 
which indicates improvement and less complex rehabilita-
tion needs. The opposite indicates an inconsistent course 
due to an administrative or admission error. Functional 
deterioration during post-acute rehabilitation is seldom 
observed and is usually caused by another condition or 
comorbidity often causing the termination of rehabilita-
tion. Complete referral information is required to classify 
diagnoses correctly. In addition, follow-up admissions are 
rare and excluded as these are unlikely comparable to the 
index admission. This also occurs for previous patients 
with a subsequent ABI (e.g. a TBI 5 years after a stroke). 
Nevertheless, the overall prognosis for people with incon-
sistent rehabilitation courses or secondary admissions 
may be investigated in a supplementary analysis. A minor 
sub-population of the sample started their rehabilitation 
at highly specialised level with a seamless subsequent 
transfer to specialised level rehabilitation and discharge 
(due to an in-hospital transfer between levels). These peo-
ple will be considered on the specialised service level, as 
they were discharged from this service level.

Entry point and endpoint of the cohort
The entry point for the cohort is the admission to post-
acute inpatient rehabilitation. There exists no ‘time of 
prognostication’ in overall prognosis studies [23]. In the 
present study, the estimates of the overall prognosis are 
most relevant for affected people and clinical staff at 
admission to rehabilitation as a crude indication of the 
individuals’ rehabilitation potential and the basis for 
interdisciplinary rehabilitation planning and joint goal-
setting with the patient. Therefore, estimates will be pro-
vided after stratification for relevant variables assessed at 
admission. The endpoint of the cohort is discharge from 
post-acute inpatient rehabilitation.

Data source
Data were collected during routine clinical practice 
using an electronic healthcare record-system (EHR). 
The EHR was introduced to HNC in 2011 and has 
been used to the present date. Other regional hospitals 
within the same administrative district introduced the 
same EHR approximately at the same time providing 
linkable data on treatment in the secondary healthcare 
sector (such as linking acute and subacute treatment). 
Hence, routinely collected health data for the entire 
hospital-based rehabilitation process are linkable and 
include all treatments, medical status, medication, 
comorbidities and mortality. The extraction, translation 
and loading process from raw EHR data is performed by 
the district healthcare provider’s IT department in col-
laboration with an external third party. Data are loaded 
into the district’s data warehouse where the IT depart-
ment stages data into distinct relational tables and 
assigns unique identifiers for deterministic individual 

Fig. 1  Distribution of admitted diagnoses in 2019. A The proportion of patients across diagnoses on highly specialised service level. B The 
proportion of patients across diagnoses on specialised service level
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linking of records across tables. This dimensional data-
base model is commonly referred to as the ‘star schema’ 
[37]. For example, one table contains all hospital con-
tacts and another contains all diagnoses. Through the 
assigned keys a deterministic linkage can identify data 
such as the referral diagnosis for a particular hospital 
admission. This form of data staging allows for flexible 
compilation of data records and extraction, without 
compromising unique linkages. HNC maintains a local 
database within the district’s data warehouse wherein 
all inpatient rehabilitation admissions to HNC are iden-
tified based on administrative information such as the 
national personal identifier number, admission date, 
referral code and diagnosis. The patient administrative 
information is routinely validated by the medical sec-
retaries at HNC. The local database is maintained by a 
team of data managers, including one author (UMP). 
The same author has access to the district’s data ware-
house within the range of the approval for this study 
and will perform all data management procedures. 
All data used will be managed, qualified (e.g. identify-
ing missing data), and extracted using Microsoft SQL 
Server Management Studio 18 (Redmond, WA, USA) 
in the district’s data warehouse. Administrative admis-
sion data will be deterministically linked with relevant 
clinical data such as the severity, level of functioning 
or blood biomarkers which concerns the rehabilitation 
services based on the aforementioned unique identifi-
ers. In some people, information relevant to the study 
is not documented in the EHR. This information can-
not be linked and is considered missing. For the cur-
rent study, relevant information from eligible electronic 
patient records from between March 2011 and Decem-
ber 2022 will be compiled and extracted.

Sample size
The crude total cohort contains data from n = 7509 
rehabilitation admissions (n = 7119 individuals) for the 
available study period (from 1st March 2011, until 31st 
December 2022). All available people matching the 
inclusion criteria will be considered for the descriptive 
analysis. There could be potential limitations of the final 
available sample size (e.g. bias induced by small strata) 
and this will be investigated and described [38–43]. After 
applying the inclusion criteria n = 6181 individuals will 
be available. The HSL cohort and SSL cohort will contain 
n = 2302 and n = 3879 individuals, respectively. See Fig. 2 
for the flow chart.

Outcomes
The overall prognosis at discharge from inpatient rehabil-
itation for the following rehabilitation outcome measures 

will be described: the (a) Functional Independence Meas-
ure® (FIM) [44], (b) Early Functional Ability scale (EFA) 
[45], (c) Ranchos Los Amigos Scale (RLAS) [46] and (d) 
Rehabilitation Complexity Scale-Extended (RCSE) [28]. 
Outcome assessments performed ≤ 7  days prior to dis-
charge will be considered. Except for the RCSE, discharge 
assessments are generally performed within 7 days prior 
to discharge (Table 2 and Fig. 3). All clinicians perform-
ing the outcome assessment were sufficiently trained to 
perform the assessments. All discharge assessments were 
performed as routine clinical practice.

Functional Independence Measure
The FIM has displayed adequate psychometric proper-
ties in ABI populations and is a commonly used out-
come measure in post-acute rehabilitation settings [47, 
48]. The FIM consists of 18 clinically relevant items, 
covering motor and cognitive functions in activities 
of daily living [49, 50]. Items are scored on a 7-point 
scale, with higher scores indicating more independent 
functioning. The 13 motor-items and 5 cognitive items 
yield a score of between 18 and 126 points. Depending 
on the context, one to six dimensions of the FIM are 
acknowledged and frequently used [48, 51, 52]. Here, 
the FIM will be described with one (total FIM score), 
two (motor and cognitive domain scores) and four 
(self-care: 6-items; sphincter function: 2-items; mobil-
ity: 5-items; and executive control: 5-items) dimen-
sions [52] (see Table 3).

The FIM will also be described using the Functional 
Independence staging grades, FIM efficiency, FIM effec-
tiveness and proportion of people improving to a clini-
cally meaningful level [53]. Functional Independence 
staging compiles the individual items into seven mutu-
ally exclusive hierarchical activity profiles ranging from 
requiring ‘total assistance’ (grade 1) to ‘complete inde-
pendence’ (grade 7) [51, 54]. These seven profiles are 
based on the anticipated order of recovery across the 
individual items, taking into account the item difficulty, 
and represent the average score across all 18 items [54]. 
The FIM efficiency measures the improvement in the 
FIM per day of rehabilitation and is calculated as:

The FIM effectiveness measures the achieved proportion 
of the potential maximum improvement on the FIM. This 
is sometimes referred to as the ‘relative functional gain’:

FIM efficiency =
discharge score− admission score

rehabilitation length of stay

FIM effectiveness =
discharge score− admission score

maximum score− admission score
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Fig. 2  Flowchart of excluded people based on the inclusion criteria. HSL highly specialised service level, SSL specialised service level, internal 
patient: referred from the Central Denmark Region, external patient: referred from any other Danish administrative district

Table 2  Number of timely assessments available at discharge and distinct time points during rehabilitation

HSL highly specialised service level, SSL specialised service level

All number are n (for Discharge n (% of total)); Weeks were calculated ± 3 days. Discharge includes assessment performed ≤ 7 days before discharge

Rehab. level Outcome 
measure

Discharge 4 weeks 6 weeks 8 weeks 10 weeks 12 weeks

HSL FIM 1714 (74) 1034 574 623 529 315

EFA 1248 (54) 793 429 430 409 244

RLAS 1659 (72) 1001 521 571 498 287

RCSE 422 (18) 592 491 385 240 156

SSL FIM 2571 (66) 1069 707 508 304 207

EFA 15 (< 1) 111 61 38 43 24

RLAS 21 (< 1) 168 87 57 46 25

RCSE 405 (10) 473 307 172 109 62
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The minimal clinically important difference has been 
previously estimated in a post-stroke population as 22, 
17 and 3 points for the total, motor and cognitive FIM, 
respectively [53]. The proportion of individuals achiev-
ing these benchmarks will be described.

Early Functional Ability Scale
In post-acute rehabilitation following ABI, it has been 
shown that the FIM is insensitive to total scores < 36 
points [55, 56] and it has been recommended to use the 
EFA [45, 55–57]. This may be necessary for people with 
severe ABI admitted to highly specialised rehabilitation. 
The EFA consists of 20 items across the four domains: 
vegetative function (four items), oro-facial function (four 
items), sensorimotor abilities (seven items) and cognitive 
abilities (five items). Each item is rated on a five-point 
scale where a score of 1 indicates no function and a score 
of 5 indicates normal function. The total range of the EFA 
is 20–100 points, with higher scores indicating better 
functioning. The EFA has shown adequate reliability and 
validity in samples similar to the present cohort [58–60].

Ranchos Los Amigos Scale
The RLAS is one of the earlier developed outcome meas-
ures for cognitive function and behavioural patterns. It 

Fig. 3  Timeliness of discharge assessments. Vertical red line indicates 7 days; FIM Functional Independence Measure, EFA Early Functional Ability 
scale, RLAS Ranchos Los Amigos Scale, RCSE Rehabilitation Complexity Scale-Extended

Table 3  FIM dimensionality and contribution of individual items

FIM item One-
dimension

Two-
dimensions

Four-
dimensions

Eating 1 1 1

Grooming 1 1 1

Bathing 1 1 1

Upper-body dressing 1 1 1

Lower-body dressing 1 1 1

Toileting 1 1 1

Bladder management 1 1 2

Bowel 1 1 2

Chair transfer 1 1 3

Toilet transfer 1 1 3

Tub transfer 1 1 3

Walking or wheelchair 1 1 3

Stairs 1 1 3

Comprehension 1 2 4

Expression 1 2 4

Social interaction 1 2 4

Problem-solving 1 2 4

Memory 1 2 4
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is rated on a single-item ranging from 1 = no response to 
8 = purposeful and appropriate behaviour [46]. The RLAS 
is adequately valid and reliable in ABI populations [61, 62] 
and is frequently used in clinical rehabilitation settings [63].

Rehabilitation Complexity Scale‑Extended
The RCSE measures the complexity of rehabilitation 
needs. Items are (1) basic care needs, (2) risk (cogni-
tive and behavioural needs), (3) skilled nursing needs, 
(4) medical needs, (5) number of therapy disciplines 
required, (6) therapy intensity and (7) equipment needs. 
All items are rated from 0 to 4, except for equipment 
needs (0–2), with higher scores indicating greater needs. 
The RCSE sum score is calculated as the sum of the five 
items: (3) skilled nursing needs, (4) medical needs, (5) 
number of therapy disciplines required, (6) therapy 
intensity and (7) equipment needs plus the highest score 
of either (1) basic care needs or the (2) risk item. The 
RCSE yields a sum score between 0 and 22 points [28]. 
The RCSE has shown satisfactory validity in Danish ABI 
populations [29, 64].

Candidate predictors
As this is an overall prognosis study, no candidate predic-
tors are specified. The overall prognosis will be described 
for relevant cohort subgroups. The chosen subgroups 
partly reflect variables considered as candidate predictors 
for existing prognostic models [65] or which have been 
found to be frequently associated with the prognosis of 
function [66]. The prognosis for different outcomes will 
be stratified for the following subgroups: discharge year, 
ABI type, age groups, sex, initial global level of function-
ing (FIM and EFA) and blood biomarkers (Table 4). For 
admission level of functioning, only assessments con-
ducted within 7  days of admission will be considered 
reflective of the functional level at admission (Fig.  4). 

Functional assessments were conducted during routine 
clinical practice by trained therapists based on local clini-
cal guidelines. For blood biomarkers, only blood samples 
drawn within 3  days of admission will be considered. 
Blood samples were drawn by trained nurses and ana-
lysed with relevant standard procedures in one of the 
district healthcare provider’s accredited laboratories (see 
Supplementary Table A2 in the additional files). See sec-
tions “Missing data” and “Considerations and limitations” 
for considerations on missing data. See Supplementary 
Tables A3 and A4 (in the additional files) for an extensive 
crude overview of the study population and variables.

Missing data
Some assessments may not have been performed for rea-
sons such as patient status, inability to assess due to clini-
cian workload, errors in transport or unusable samples. 
In addition, the clinical guidelines defining assessment 
time points have changed throughout the study period. 
Hence, missing admission and outcome data for some 
variables are likely. Missing data will be treated as missing 
and not imputed (as recommended in prognostic model 
research) as it may obscure the descriptive objective of 
this overall prognosis study. Instead, patterns of missing-
ness will be described [67, 68] and the likelihood of miss-
ing variables and their association with other variables 
will be investigated. Admission and outcome assessments 
of functioning (i.e. FIM, EFA, RLAS, RCSE) that are not 
performed within 7 days of admission or discharge will 
be coded as missing. That ensures the assessment reflects 
the level of functioning at the respective time point. For 
the RCSE, a missing admission score may be substituted 
with the referral RCSE, if conducted within 7 days before 
admission. Currently, the default process for the transla-
tion of fundamental EHR data into the local dimensional 
database model (see “Data source” section) only allows 

Table 4  Stratification of variables and resulting subgroups

a The ABI categories reflect the definition used by the Danish Health Authorities in the national guidelines (see Supplementary Table A1 for ICD-10 codes); ’other 
diagnoses’: related ABI diagnoses not explicitly defined by the Ministry of Health in the national guideline on specialised comprehensive rehabilitation
b See Supplementary Table A2 in the additional files for the applied reference intervals

Subgroup Categories of stratified variables

ABI typea Ischaemic stroke, haemorrhagic stroke, traumatic brain injury, subarachnoid haemor-
rhage, encephalitis, encephalopathy, tumours and ‘other diagnoses’

Age 18–40 years, 41–65 years, > 65 years

Sex Females, males

Functioning a) Admission Functional Independence Staging grade: eight strata
(grades 1–7, ‘missing’),
b) Total admission FIM score: 5 strata (18, 19–36, 37–90, 91–126, ‘missing’)
c) Total admission EFA score: 5 strata (20–40, 41–60, 61–100, ‘missing,’ ‘missing, yet FIM > 36’

Blood biomarkers Based on the laboratories references intervalsb three strata (under, within, over) 
for the biomarkers: albumin, C-reactive protein, glucose, calcium, potassium, sodium, 
haemoglobin, creatinine, leukocytes
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for complete assessments. Assessments missing one or 
more item scores (e.g. a FIM assessment with only 15 
items assessed instead of the total 18 items) are consid-
ered errors and coded as missing. Table 5 provides a sim-
ple overview of the expected missing data per variable. 
Supplementary Table  A5 in the additional files shows 
the basic patterns of some missing variables. Signalling 
questions of the ‘Prediction model risk of bias assessment 
tool’ (PROBAST) [69, 70] will be used to describe poten-
tial sources of bias in the presently described study, in 
regards to missing data, selection and information bias. 
An investigation of patterns of missingness will encom-
pass both missing values from the point of origin (i.e. 
values not documented in the EHR) and values coded as 
missing (i.e. untimely assessments not accurately reflect-
ing function at admission or discharge).

Statistical analysis
Statistical analyses will be performed in STATA 17 (Col-
lege Station, TX, USA) and R (R Core Team, Vienna, 
Austria). Admission information will be described using 
the mean, median or proportions, including variances, 
where appropriate. The overall prognosis at discharge 
from post-acute rehabilitation for the four outcome 
measures FIM, EFA, RLAS and RCSE will be estimated 
using descriptive statistics. While none of the outcome 

scales are truly continuous, they will be treated as con-
tinuous variables for descriptive purposes. Estimates of 
the overall prognosis will be provided as medians (inter-
quartile range) and ranges. For the RLAS, the proportion 
of people within each score (1–8) will be reported. The 
distribution of the outcomes will be presented graphi-
cally. The total FIM score and total EFA score may addi-
tionally be categorised to support clinical interpretation 
(Table 4). Outcome categories will be described with pro-
portions (95% confidence intervals). As indicated in the 
“Outcomes” section, descriptive analyses will be repeated 
for relevant strata of variables (i.e. cohort subgroups).

The pattern of missing outcome data will be investi-
gated using maximum-likelihood logistic regression with 
a dummy variable indicating missingness as the depend-
ent variable. Clinical and demographic admission and 
administrative information will be used as independent 
variables. These may include ABI type, level of function-
ing on the FIM and the EFA, age, sex, onset-rehabilita-
tion admission interval, rehabilitation length of stay and 
potentially blood biomarker levels. In supplementary 
analyses, we intend to provide estimates for individuals 
excluded from the primary analysis such as individuals 
with (a) a missing index diagnosis or date, (b) inconsist-
ent rehabilitation courses and (c) secondary or follow-up 
admissions.

Fig. 4  Timeliness of admission assessments. Vertical red line indicates 7 days; FIM Functional Independence Measure, EFA Early Functional Ability 
scale, RLAS Ranchos Los Amigos Scale, RCSE Rehabilitation Complexity Scale-Extended
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Results
We will provide estimates for the overall prognosis of 
the level of functioning at discharge from comprehen-
sive post-acute inpatient rehabilitation based on the fol-
lowing outcome measures: FIM, EFA, RCSE and RLAS. 
Estimates will be provided for both cohorts (i.e. the 
highly specialised and the specialised service levels) and 
relevant subgroups described above. The demographics 
and clinical characteristics of the cohort and the current 
care approaches are described in detail to provide the 
necessary context for the interpretation of the estimates. 
Graphs of the distribution of the four outcome scores 
will be provided. The study manuscript will be drafted in 
accordance with the TRIPOD statement and PROBAST 

guidelines [23, 70], in addition to the consideration of 
guidelines for reporting clinical studies based on rou-
tinely gathered health data [24].

Discussion
The upcoming study intends to report the overall prog-
nosis for functioning at discharge from a Danish ABI-
specialised post-acute inpatient rehabilitation facility 
between 2011 and 2022. We agree with the authors of 
previous articles on the importance of research protocols 
in prognosis research to (a) increase transparency and 
reproducibility, and (b) support sound research design 
and methodological considerations [21, 22]. The results 
of our upcoming study will be useful as they can provide 
an indication of the overall prognosis for patients in clini-
cal care and may support the setting of realistic goals. It 
may also be possible to use these results to compare with 
other countries with similar or dissimilar healthcare set-
tings. Estimates can be discussed in relation to their 
importance in, for example, health service research, trial 
design and prognostic model research [1]. These may be 
particularly relevant from a research perspective, as the 
overall prognosis may describe the average outcome in a 
trial control group in similar settings and hence inform 
design and sample size requirements. In addition, the 
average prognosis on the group level also provides refer-
ence estimates, which can be improved upon using prog-
nostic models for individual outcome prediction [2]. That 
is, if a prognostic model is not able to provide a more pre-
cise prognosis estimate for an individual than the crude 
group level average, it is unlikely clinically valuable. A 
previous report from our rehabilitation facility has com-
pared the functional improvement between individuals 
with ischaemic, haemorrhagic strokes and subarachnoid 
haemorrhage [71]. We intend to extend this study and 
extend the overall prognosis to other ABI subgroups.

Considerations and limitations
There is missing data for particular variables on admis-
sion and discharge for the source data presented here. 
This is not uncommon in routinely collected data [24], 
and the patterns of missingness will be described and 
investigated. However, data are still missing and this may 
affect the overall prognosis estimates depending on the 
reason for its missingness [68, 72]. For missing data on 
admission, we expect potential information bias result-
ing from missing data to be non-differential based on 
the routine clinical documentation method. Potential 
information bias may result from the standard discharge 
procedures for some individuals admitted to HSL reha-
bilitation as HNC provides HSL rehabilitation for three 
Western administrative districts (North Jutland, Cen-
tral Denmark and Southern Denmark). Referrals from 

Table 5  Proportion (%) of missing values in selected variables 
taking a timely assessment into account

a Assessments performed later than 7 days after admission are coded as missing
b Assessments performed earlier than 7 days before discharge are coded as 
missing
c All blood samples were drawn within 3 days from admission

HSL highly specialised service level, SSL specialised service level, NEWS National 
Early Warning Score, FIM Functional Independence Measure, FIS Functional 
Independence Staging, EFA Early Functional Ability Score, RCSE Rehabilitation 
Complexity Scale–Extended, RLAS Ranchos Los Amigos Scale, FOIS Functional 
Oral Intake Scale

Variable Total HSL SSL

BMI 24.8 29.3 22.2

Alcohol intake 75.2 78.0 73.5

Smoking status 48.6 51.0 47.1

NEWS score 24.3 23.8 24.6

Admission total FIM scorea 21.7 10.0 28.7

Admission FIS gradea 21.7 10.0 28.7

Admission EFA scorea 63.3 17.8 90.4

Admission RCSE scorea 69.0 73.7 67.4

Admission RLAS scorea 60.1 12.3 88.4

Admission FOIS scorea 59.3 10.9 88.1

Discharge total FIM scoreb 30.7 25.5 33.7

Discharge FIS gradeb 30.7 25.5 33.7

Discharge EFA scoreb 79.6 45.8 99.6

Discharge RCSE scoreb 86.6 81.6 89.6

Discharge RLAS scoreb 72.8 27.9 99.5

Discharge FOIS scoreb 72.1 26.3 99.3

Glucosec 59.1 37.2 72.1

Potassiumc 41.9 22.3 53.5

Sodiumc 41.7 22.1 53.4

Calciumc 52.0 24.4 68.4

Albuminc 43.8 22.2 56.6

Creatininec 41.8 22.3 53.4

C-reactive proteinc 53.7 32.5 66.2

Leukocytesc 43.0 21.8 55.7

Haemoglobinc 46.0 23.3 59.5
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the two districts other than Central Denmark may dif-
fer in their discharge procedures (i.e., ‘external’ patients 
in Fig.  2). For these people, discharge from highly spe-
cialised rehabilitation is not necessarily grounded in the 
achievement of objective rehabilitation outcomes. Dis-
charge may be related to a sufficiently improved func-
tional level at which the referring administrative district 
is confident to assume rehabilitation responsibility again, 
including a transfer to another out-of-district inpatient 
rehabilitation facility. The presently used data source 
contains only information on healthcare services (includ-
ing rehabilitation services) provided by one district, i.e., 
Central Denmark. Hence, the functional level ‘at dis-
charge’ may not reflect the actual functional level at the 
conclusion of post-acute inpatient rehabilitation services, 
for these people. It will still reflect the functional level at 
discharge from the most comprehensive rehabilitation 
services (i.e., highly specialised level). As this practice is 
unlikely to change soon, from a clinical perspective, it is 
reasonable to describe all service levels and referrals to 
reflect the actual contextual clinical practice. The bio-
markers were selected by an experienced neurologist. The 
choice of the nine selected biomarkers reflects their abil-
ity to identify disorders of the major organ groups such 
as albumin for liver function/metabolism, C-reactive pro-
tein for inflammation/infections or creatinine for kidney 
function. There are individuals in the cohort with a single 
assessment of functioning (e.g., FIM n = 782). It may be 
assumed that the score on the FIM only changed margin-
ally over very short rehabilitation courses, e.g., less than 
a week (n = 44) or 2 weeks (n = 191). In these instances, 
scores could be used as both admission and discharge 
scores. However, this assumption is incompatible with 
longer admissions (n = 591). For these instances, only the 
score which was assessed timely with regards to admis-
sion and discharge (i.e., within 7 days) will be used, while 
the missing scores will be investigated. Finally, a missing 
demographic or clinical variable from admission does 
not necessarily indicate a truly missing assessment and 
may reflect challenges in uniform routine clinical docu-
mentation practice. For example, while 75% of the cohort 
have a missing value for alcohol intake, this proportion 
is unlikely reflective of actually missing assessments of 
dietary alcohol intake. Alcohol intake may have been 
documented in the written synopsis instead of inputted 
into the particular ‘Alcohol intake’ record pane. Unfortu-
nately, we cannot identify all potential places where vari-
ables may have been documented in the electronic health 
records over the 10-year study period. This circumstance 
may contribute to information bias, which we assume is 
non-differential due to the routine clinical documenta-
tion practice.

Conclusion
This protocol provides an account of the methods 
intended to be applied in the upcoming study. Further-
more, the setting and patient population are described 
in detail to allow contextual interpretation of the study 
results. The upcoming study will provide a comprehen-
sive description of the overall prognosis for the func-
tional level at discharge from specialised post-acute 
inpatient rehabilitation, including estimates for rele-
vant subgroups of people.
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